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Abstract 

R 
An insect growth regulator Altosid (also called ZR-515; 

Zoccon Corp .• Calif . • U.S . A . ) wa s tested against the hemlock-loop e r 
(Lambdina Eiscellaria fiscellaria) by aerial application form 
a helicopter i n Anticosti Island, Quebec during July. 1975 . 

_Greenhouse pre-testing indicated the material was resi s tant 
to UV radiation and wash-off . 

In 3 test blocks (IO acres e ach) , the material was 
applied at dosages of 0 . 25, 1 and 3 oz in 2 gallons of spra y 
mixture per acre . Compariso n of pupal and moth counts in 
check and spray plots sllowed significant population re
duction. 

No effect on sma ll mammals , birds or aquatic fauna was 
seen . 

Un r~gulateur de croissance connu sous I e nom comme rcial 
de "Alto si d" (au ZR-515) et fabriqui par la compagnie Zoecon, 
Californie, U. S . A . a ~t~ utt]is~ pur un arrosage exp6rimental , 
effectu~ par h61icoptire, i l ' tl e d 1 Anticosti en Jul l iet 1973 
comme essai de l u tte contre l ' arpenteuse de la pruche (Lambdlna 
fiscellaria fisccllaria) . Des travaux effectu5s en laborato ire 
et en serre ant demontri la r~si sta nce d u mat~riel expirimental 
a ux radiations ultraviolett es et a u d~lavage . Le pr odui t 
cxp6rime ntal a iti appliqll€ dans trois parcelles, de dix 
acres chacu ne. au ta u x de 0 . 25, I et 3 onces, dilu€es dRns 
deux gallons de ' eau a l ' aere . Une etud e comparative des 
populations de chrysalides et papillons dans les parcelles 
trait€es et al parcelle t~moins mit en 6vidence une diminution 
significa tive du niveau des populations . Aucun effet n ' a iti 
deceli chez les petits rongellrs, les oiseaux au la faune 
aquatiq ue . 
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I . Introduction 

Gr owth and deve l o p ment in inspets 118S been s h own 

to be u n d e r the co n t r ol of at least 3 hormo n es , The 

cha r acter i stic mo u lti n g process that p er mit~ growth 

has been we l l st ud ied and is central to t he under

stan d ing of the e n doc r ine r egulatio n of metamorphosis . 

Typically , t he la r va of a lepidopteran afte r emergi n g 

from an egg un dergoes a series or moults and goes 

t h r ou gh a pu pal stage prior to becoffiing an adult . 

Tile b rain s e c r etes the prothoracotropic ho r mone (also 

called ecdysiotropin or b r a i n hormone) wllie!l stimulates 

the pr o tho r acic gland to secrete the second llormane , 

ecdysone (also called moulting hormone) whicll in turn 

initiates the moultin g process . T h e o u tcome of the 

moult depends on the titre of a third ho r mone , j u venile 

hormone, in the insect . T h is hormone is secr~ted by a 

pair of small glands , t h e corpora allata , situated und er 

the brain . If a hig h t itre of juvenile hormo n e is pre-

sent when moulting occ u rs then another larval stage 

r esults . The t i tre of juvenile hormon e is ex t remely 

low d ur i n g t h e larval -p upal mo u lt . When the pupa moults 

into an ad ul t , the r e is n o juvenile hormone i n the 

syste . In the adult, t he corpora allata resume secretion 

of juvenile hormone which is necessary for ovarian de-
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velopment . Some insects overwinter as adults durinc 

w!lich period the corpora allats remain inactive and as 

a result the ovaries are not developed . At the onset 

of spring , these glands secrete juvenile hormone which 

in tur~ initiates reproductive maturity . 

Applicati on of juvenile hormone to a s tage where 

the endoge nou s titre of the hormone i s either low or 

absent induce s a bnormal differentiation le ading to 

mortality. 

Soon after the structure of juvenile hor~one was 

elucidated it was reported that certain synthetic 

a~alogues of juvenile hormone were mor~ potent than the 

natural hormone. Following this, to date, over 200 

analogues have been synthesized in various laboratories 

around the wnrld . SomE of tllose compounds are more 

active, more stable and simpler to synthes iz e tllan tho 

natural hormone . 

Although juvenile hormone i s not species specific, 

it acts at a particular developmental sta~e and only 

those insects that are in the last larval stage will b e 

affected. Thi R affords a certain anlount of development 

isolation of the pest-species and hence the likelihood 

of effects on useful species such as predators and 

pollinators i s mu ch reduced or minimal. 

Many o[ the juvenile hormone analogs vary il: th e ir 
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degree of activity from species to species . While this 

does not assure specificity it nevertheless narrows 

the spectrum of activity . 

The discovery, st ru ctu r al elucidation. chemical 

nat ur e and physiological properties of juvenile hormone 

have bee n exten ! i vely reviewed in recent yea r s (Novak , 

1965; Roller a nd Dahm , 1968 ; Berkoff 1969; Williams 

1969 ; Highnam , 1970 ; Wigglesworth 1970 ; Slama, 197 1 : 

Menn and Bercza, 1972; Wyatt, 1972; Doone, 1973; Slama, 

et ~ 1974 ; Burdette, 1973) . 

Laboratory investigations leading to a field 

experime n t on the morphogenetic control of the easte rn 

hemlock looper , Lambdina fiscellaria fiscellar ia a r e 

presented below . 

II . Lahoratory Studies 

Several analogs of juvenile hormone were tested 

agains t 3 species of fo r est insects: the forest tent 

caterpillar, (Malacosoma disstria); the eastern hemlock 

looper, (Lambdina fiscellaria fiscellaria) ; and the spruc e 

bud,'orm (Choristoneura fumiferana) . Topical treatment o C 

the last larval instar r esulted in abnormal pupation ; such 

pupae retained some l arval characteristics . The larv~l-pupa l 

mosaic was unable to complete its metamorphosis . This 

morphogenetic effect was used &~ the criterion for 

assaying the activity of the different hormone analogs. 
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The compounds tested fo r mo r p hoge netic activity are 

listed in Table 1. Of the compo unds tested, ZR-SlS 

( o r Alto sid) wa s the most active and of t he insect s used , 

the eastern lleml ock looper wa s the most sensitive . Tl l o 

e ff ect on tlli s insect is sho wn in T Fblc 2. As is tile 

case with ot~er inse ct specie s , the fifth ins t ars sh ow-

ed more deformitie s . It is not unu sua l to find that 

at higher concentrations the effec t was less pro-

n o u nced . Th e mechanism behind th e optim u m c on cent r a-

tion effect was etudied on the sp ru c e bu dwo rm 

(Retnakaran 1973) . Massive doses of hormone appear~ t o 

pr olong the larval stage without i ndu c 1n g any obvicu s 

d efo rmities. 

It was found [lIst th e insect was mor e sens itiv e 

to th e analog during a spec it lc p e riod in the last 

larval stadium and the effec t was ap p arent witll l ow 

dosages . When I ~g of active ingredient was ap pl ied to 

eacll la rv a , 1t was fo u nd that the sensit ive perio d or 

" activity window " exte~ded from day 6 t o day 10 of 

the l ast larval s tadium (Table 3). Ingestion of the 

material had similar effects . 

Fi eld - simul ation s tudies were co n~u cted in the 

greenhouse using 2 feet hi g h balsam-fir tre es (Abies 

~l sam ea) in pots . USing a 0.2 % w/v solutio n of 

R 
Rlloda mine-B (Dup ont) it was de termined that 0 . 2 ml 

solution spray ed from a height of I meter co v ered a n 
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area of 1000 
2 em . This volum e and area corresponded 

2 gallons per acre (GPA) . The details of the spray 

system were obtained from Mr. W. Iialiburton, Chemical 

to 

Cont rol Researct Institute, Ottawa . A 0.2 ml solut io n 

of the Rhodamine - B was d r awn into a disposable plastic 

tip of a ZOO p I Eppendorf pip ette . T h e plastic tip 

alone containing the so lution was placed on tile intake 

end of a nozzle (Micro I la-19/ 32 ) . Air was passed 

through t h e nozz l e with the aid of an air pump s et at a 

pressure of 40 m: Ilg to spray the solution . The sp ray 

deposit obtained O~ a card re sembled that of an air-

craft spray and the area covered was approximat e l y 

that of the potted t r ee used in the experiment . 

Two diffe r ent formulations were u sed i n the field 

simulation s tu djes . In o n e , the t echnic al material was 

dissolved in kerosene which had a ph ytotoxic effect on 

the balsam fir . Therefore, further tests with this 

mixture were ab a ndoned . In the second fo rmul a tion an 

e mu lsifiable concentrate was mixed with water . Inasm u ch 

as the population in th e field is not synchronous, a 

mixtu r e of 10 fourth ins tars and 10 fifth instars were 

placed on each sp rayed tree . The trees were then covered 

with a plexiglass co n tainer and the behaviour of the larvae 

obse r ved . The resu l ts (Table 4 ) i ndicat e that 2 .5 mg . of 

active ingredient in 0 . 2 ml of water per tree ga~~ good 

results . This dosage is equivalent to 0.3 oz . of ac tiv e 
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ingredient in 2 gallons of spray mixture p e r acre. I t 

was t h erefo r e decided tllat u nd e r Betllsl fiel d con 

dit io ns t en times this dosag e (J oz . active in g r ed i ent 

in 2 gal of spray mixture per acre) would prob ably be 

the best dosa ge to us e . The lOX r ecommendat ion is a 

rule of thumb used by the Chemical Control Research 

Institute in many of their ope ration s . 

It wa s essential to determine how th e analo g 

ZR - 51S would be a~fected by e nvironmental conditions . 

The d eg ree of persistenc e of the ma t e r ial on foliag e , 

degradation by ultravi o let radiatio n In th e s u nlight, 

and leaching from foliage b y r ain Ilad to be te s ted. 

For thes e te sts sp ru ce b udw orm wa s u se d as the ex -

p e rimenta l animal . This insect is less sensitive to 

the analog and therefore hi ghe r concent rations had to 

be u sed . 

As de sc rib ed earlier, potted balsam-fir tree s wer e 

sprayed with 200 ~ 1 o f a 0 . 1, 1 . 0 , o r 10% emulsion of 

ZR-SlS in wat e r . Twe n ty . la st instar l ar va e (6th in-

stars in the ca se o f the spruce b udw orm ) were placed on 

eac h tree 15 days after the sp ray. The r esults in-

dicate that the material is pe r sis tent in th e fo liage 

(Table 5) . When the materi al wa s suspended i n tap 

water in a beaker and left on the laboratory ben ch fo r 

15 days it l ost all its activity . The mate ri al being 

terpenoid a nd r e l a t ively simple in str u c t u r e was possibly 

deg rad ed by microorganisms in th e wate r. 
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The effect of UV on ZR- SlS was stud i ed by ex -

po£i n g treated trees to short wave UV using a Mineralight 

(F i she r S c ientific) for var io us lengths of time . Sixth 

inst a r lar vaE wer e placed on the trees 15 days afte r 

spray . The r e sults indi cate that n o marke d break-

down of the material occ urr ed (Table 6) . 

The effec t o f sprayi n g ~ater at the rate of 11 . 5 

l/mi n for 5 sec for v arious n umb er of day s o n treated 

t r ees was s tudie d. The larvae were plac~d on the 

trees 15 days after t he hormone treatment during which 

time the t r ees wer e su bj ected to water sp r aying , The 

results indicate that th e re was no se r iaus leaching 

(Table 7). It is hypot he s i zed that th e ZR-SlS be i n g a 

terpencid material was probably adsorbed by the cuticular 

wa x es o n the c onifero lls n eedles and the r eby p rot ec ted 

from the water . 

T h e laboratory t es ts indicated that ZR-5l5 would 

be an exce l l ent ca nd idate to be te st ed aga in st the 

eastern hemlock looper . 

It was ear l ie r found that the activity of ZR-S12 

(Tab l e 1 ) wa s similar t o that of ZR - SlS. In addition , 

independen t studies by Drs . She p he r d and Sahota at the 

Pacific Fore st Research Centre at Victoria, B . C . on th e 

wes tern h emlock l ooper (Lambdina fiscella r ia lu gub r osa) 

have show n that 2R - 512 was ve r y active (Personal communica-

tion). Gomez et al (1973) reported that 10 ppb of 2R-512 
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induc e d ea r ly metamorphosi s in the barnacl e causillg 

los s of ability to attae!1 tllemsel ves to any $ ub -

st ratum . ZR - SlS on the oth e r lland had no s uch effe ct . 

It was theref o re felt that the latter compound would 

p robably have negligible side e ffec t s on other c rustacea 

and hence was chosen over ZR-S12 to test in the field. 
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Cll Oic c of site ro r field tPsting 
ZR-~L5 on tile e ;'~Lerll 110mlock 
looper 

Three potential areas were considered for a field 

test : British Columbia; Newfoundland; and Anticosti 

Island in Quebec . Anticosti Island was best suited 

because of the infestation b eing relatively recent , 

an excellent background study had been conducted by the 

Laurentian Forest Research p ersonnel , and the willing -

ness at the then owners of lhe island (Consolidated 

Bathurst Compa n y) t o provide u s with all the facilities 

for a test a r ea and fie ld laboratory. 

Anticosti is a large , low lying island in tile Gulf 

of St. Lawr e nc e . The island is 140 miles lo ng by a 

maximum of 35 miles wide and covers an area of 3,100 

square mile s . A part of Du p lessis County o f t h e Provinc e 

of Qu ebec, it is separat~d by 20 miles from the north 

shore of the Gulf by the Jacques Cartier Strait . Some 

45 miles separates the scut h shore of the island from 

the nearest point of the Ga s pe C08£t . Althou gh maximum 

elevation is 1,025 feet above sea level , mo s t of th~ 

island is below 500 feet in elevation. 

The Indians called the island " NOTISKUAN " , meaning 

"where bea r are Ilunted". The first record of the 

island was made when .Jacque s Cartier , who discovered it 

Au gust 15, 1534, gave it the name of "lIe d e l'Assumpti on ". 

The name "Anticosti" had co me into use by 1660 and it wa s 
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suggested that tile n ame is de rived from the Spani sh 

" anti" (before) and "costa" (coast) , 

In 1680, the island wa s gra nted to the explorer 

Louis Jollier by Louis XIV, Killg of France . It wa s 

held as a seigotory by Jollier and his heirs throughout 

the French period. In 1763 it was annexed to Newfound-

land, but in ~774 it was returned to Canada . It was 

again to be part of Newfoundland from 1808 to 1825 . 

Records of the island ' s ownership indicate that numerous 

land transaction s occ urr ed d urin g the nineteentll century. 

In 1895 , the island was sold for $125,000, to 

Ilenri Menier, a wealtllY French chocolate manufacturer 

and entered a period of prosperity . Men i er expanded 

the village of Baie Ste . Claire and founded the village 

of Port Menier, pouring out money to develop the re 

so u rces of the island in the form of wood - cutting , 

farming , commercial lobster fishing , etc . In 1926 , a 

group of pulp and paper companies 

Canada Power and Paper Corporation 

late r to become 

became i n -

teres ted in Anticosti and Eo rru ed a company k n own as tile 

Antic osti Co r poration . Consolidated Paper Corporation, 

fo r med in 1931 , was a successo r company to Canada Power 

and Paper . Its woodlands operations on the i slan d were 

suspended at the beginning of the ' 30 ' s , res u med in 

1946. and discontinued at the end c( 1971 . The island 

p opulation g rew from 250 around the time Menier purchased 
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Anticost i to s ome SOD in 19 03 . Seasonal fluctuations 

r~n as 111gh as 4000 wIl en per i ods o[ active lumber 

oper ation s were ini t iated h y pulp and pape r company 

but the base p opulation rem a ined near SO D until 1968 

when it declined to about 240 in 1972 . 

Because h u ndreds of ships were wrecked on Anticosti 

during the eighteen th and ninetee nt h centuries , the 

island had a reputation as " the graveyard of the Gul~ " 

The Canadian Government began building ligh thouses to 

help prevent such d i saste r s. 

Since there are no large predator s o n the island 

the white - tail e d d e er , imported from tile Riviere du 

Lo up re gion by Ilenri Menier, have multiplied to make 

the i sland a hunter's paradise . The rivers , especially 

the Jupit e r, o ffe r some of the be s t Atlant i c salm on 

fishing in t ile wo r ld . Queb ec red trout are f.o und in 

most of the n umerous rivers and lakes. Sea trout, 

which enter th e coastal str e ams , a r e also fo un d . 

Anticos t i Island is a hav en (o r migrati n g birds . Species 

such as the Canada goose and the bald eagle nest und is 

tu r bed tere , as do numerous spec i es of seafowl . The 

flora on Anticosti is of a suba r ctic t ype ; its 

cha racteristic s dete r mined by tl1~ n orthe r ly latitude (50°) 

and the island ' s low elevat ion in an area of cold mar i n e 

c~rrents. Th e calca reou s nature of the soil a l so had its 

effe ct on the type of flora. The do minan t tree s p ecies 
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are black and white sp ru ce , b al sam fir and white bircll. 

The aspect of the vege t at i on has b ee n g reat ly modified, 

the broad-lea v ed species in particular , b y th e pro

liferation of the introduce d Vi r g inia whit e - tail ed d ee r . 

Their h ea v y browsin g has favo r ed the g rowth of co n i f ers . 

The forest r esources consis t of an est i mated 9.3 

million cunits of spruce and balsam, suitab le mainly 

for pulpwood . I n the absence of severe for~st fires , 

an ann u al allowable cut of 12 0,00 0 cun its i s considered 

fe asible in perpetuity . 

The o utbr eak of easte rn hemlock loope r in Anti costi 

t hat began in 1971 r equired e xtensiv e aerial sp r ayjngs 

by t h e Quebec Department of Lands and Fo r ests of some 

425 ,0 00 acres in 19 72 and 10 , 300 ac r es in 1973 . A 

pocket infestation near Lac Laro u che was mad e availab le 

to us (Fi g . 9a) . An area n ea r Port Menier airstrip 

and located about three miJes fr o m the experimental 

area served as the co ntrol (F i g . 1) . 
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IV . l'loloAY of t!,U CHste rn il cm t <·ek 
looper o n Anticosti Is]a lld . 

The biology of the east e rn hemlock looper , Lambdina 

fiBcellaria fiscellaria (Guen.) was prEviously stud i ed 

b y vario u s authors, the most re cenl being that of OtVD S 

et ~ (1971) in Newfo undland . In the course of an 

aerial spraying ope r at.on of mature balsam fir stands 

on Anticosti Island in 1972 a study of the looper de-

velopment was carried out for timing of insec tic ide 

applicatio n and assessment of re s ults . Tile following 

description of the life history and llabits of the insect 

is !JBsed on field observations and material obtained 

from periodical sampling of balsam fir trees th r ouehout 

the season and from laboratory reared material . The 

various stages of the life histo r y are shown in Fig . 2 . 

LIFE HISTORY AND HABITS 

Adults . The fi rst adults occurred in the field 

August 26 and were seen until the second week of October. 

The adul t moth has a wing expanse of 32 mm and colour 

varies from creamy-yellow to greyish - brown . The fore-

wings have two greyish zigzag lines. Hindwings have 

only one tr ansverse line which is continuous with th e 

oute rmost line of the frontwing . Both pairs of wings 

have a distinct dark colo r ed dot. From a to t al of 1 , 040 

ad u lts obtained from field-Co l lected pupae , 45 . 3 per cpnl 

were males and 55 .7 per cent females . Field emergence of 
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the males preceded that of t il e females by about 5 days . 

During warm sunny daYR witll low wine v0iocitics, adult 

males flew actively nod were seCll [cedillg on [lectat 

anel pollen of wild plants in bloom. Female s are rarely 

seen flying and remained on tree trunks. On cool and 

cloudy days , moths exhibited little activity . Egg 

laying was obtained from fiv c - d3Y old adults in ovi-

position cages. 

in the cages . 

Males and females lived about two weeks 

Eggs are laid singly but sometimes In groups 

of two to three, mostly in September, on m095 and li chens 

growing on tree trunk and hranciles, in bark crevices , 

stumps Bnd logs. Freshly laid eggs are pale green in 

colour , but change to copper-brown in about two weeks . 

They are oval-shaped and measure approximately 0 . 9 mm . 

The insect overwinters in the egg stnge. Sampling of 

eggs and first instar larvae in June showed that the 

hatching period e xtended from about June 20 to the second 

week of July but mostly occurred during the latter part 

of June . 

Larva. Ilead-capsule measurements of individually 

reared larvae and field collected specimenE indicate that 

the looper has four larval ins tars. Average head widtllS 

fo r each instsr of field collected larvae fell within four 

groups given in Table 8 . 

The body of the first ins tar looper is dark grey 

with black circular bands which gives a distinct 
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ann u lated appeara nc e . In o!(\ er larvae tlle ground colour 

DE tllO body varies f r om ~reyisll-yc l1 ow to Cr c yisl1 -h rowll 

and there are ir r cg u litT ~ark lo n gitudinal linc~ cxtenrl illg 

the full body length . Full g rown larvae ave r age 32 mm 

long . 

The fi rst and secon d in s tar larvae fed o n the 

current year's foliage of balsam fir fo r a p erio d of 

approximately three weeks . T he initial feedi n g damage 

to ne~ foliage is l ight and is characterized by 

reddening of th e needle tjps; later. all the dama~ed 

new foliage turns reddish . Thi r d and fourth instar 

larvae attac k mo~tly o ld foliage, usuall y cons um i n g only 

part of th e hase or side of t ile nee d le . Partly eaten 

needles t u rn brown and damage h ecomes obvio u s ab o u t 

mid-July . 

Larvae we re seen in the field from J une 20 to the 

fir~t week of Se pt ember. larval d evel o pment r equires 

about 50 days and over l appi n g of all fo ur i~star s 

occurred in the field durin g the third wee k of July 

(Fig . 3). 

Pupa. Prepupae were obse r ved on July 30 and firs t 

pupae were collected on August 3 . Most larvae were in 

the pupal stage three weeks la t er . Pup ae are da rk brown 

in colour a n d average 14 mm in length . Ba r k c r evices , 

lichens on b ra nches and tre e t r unks , loose bar k on de

caying stumps are pr efe rr ed si t es fo r pupation . The 
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{Juration of pupn l period for hotl} male s and femalps , 

det erm ined by 85 indivi dllnls reared nt r oom temperatllrp , 

ranged from 16 to 1 9 day s , ave ragi n g 16 days for both 

sexes . 

As mentioned earlier, the ZR-51S compo u nd i s 

prob Dbly adsorbed by the c uticul a r waxes on the needles 

and retains its act ivity for about 3 weeks . This per -

sistence is essential for th e Guccess of appljed sp ray s 

since tile population i s not s ynchro n ized at a n y give n 

time during the larval life history of the insect . It 

was felt that application of til e material at tile time 

wilen 50% of t h e larvae r e s e ll th e last (fourth) larval 

io sta r would llav e the best effec t. The last ins tar 

would be subjected t o the effect o f the anal og 

immed i ately and most of the ea rlier ins tar s would pass 

throu g h the sensitive last ins t a r stage on the foliage 

on ~hich the analog was ear li er shown to persi s t. 
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V. I'lot description nnd location 
on Anti costi Island . 

The plots were selected on the basis of (1) 

accessibility (ii) reasonable popula ti on density (20-40 

first ins tar larvae/branch tip) (iii) new infestat ion 

(first year) and (iv) absence of fungal pathogens 

(principally Entomophthora spp . ) I and parasites . 

The presence of a new infesta tion wa s detected by 

egg - survey during fall of 1912 . Three plots , A, B, and 

C near Lac Laroucllc and a control pl ot near the Port 

Me nler airstrip was chosen . Conso lidated-Bathurst Company 

made available at no cost, a home whi c h we used as a 

place of residence as well as the field laboratory . An 

adjacent field was u sed as a he licop ter lAnding site 

(Fig . 2) . 

The details of the three plots a re shown in Fig . 4. 

Each plot covered an area of 10 acres with a buffer zone 

between them and had a trail leading to the middle of 

the plot where a clearing was made . Thi r ty trees in 

groups of three were selected and tagged as shown in 

Fig . 5 . One of th e th r ee trees was the sa~plc tree from 

which p r e an d post-spray samples of larvae were taken . 

Anotll e r was the burlap-trap tree f rom whicll the pupae were 

samvled for evaluating tile post -spra y population . Tile 

thi rd tree was used fo r taking foliage samples to detect 
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possible ac ci dental drift o f Fenitrothion
R

. (The 

Provincial Government wa s sp r aying approximately 10,000 

acrps in the west end of tIle island with Fenitrothion R 

and whether or not any of th e sprayed insecticide 

drifted into the plot area had to be monitroed prior 

to our field experiment.) 
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VI . Fpnitrochion dp[pction SYSCPffi in chI" plots 

During the last wppk in Junf', using a CL- 25 

aricraft baspd in Bonavpnturf' . Gaspe, pxtp.nsivp. spraying 

of Fpnitrothion R was unclprt akp n by chI" QupbeL 

Department of Lands and Forpsts. In orclf'r to prevent 

accidf'nta l sp r aying of the ho rmone plots speLial markp[ s 

WPtp 5Pt up . In addition to chI" natural landmarks 

(the th r ee lakes around thp plot) balloons were set 

up to chp north and south of c hI" ho r mone plots (Fig. 

2) • 

Any possiblp drift of c hI" inspcticidp was monitorpd 

by doing a foliagp - wash analysis by gas liquid chroma-

tography (GL C) and a fipld bioassay . Faliagp samples 

of 100 g from paeh markpd trpp were packpd in mason 

jars containing 200 mi of pps ticide-gradp bpnzenp an d 

spnt to Dr . Yul p at thp Chpmical Control Rpsparch 

Institutp in Ottawa for analysis. Therp wpre two 

F · I' R . i d en~trot l~on sprays at Ant~(.ost an the monitoring 

was done 24 hr aftpr each spray . Thp rpsults of the 

GLC analysis is shown in Tablp 9 . Dr . Yule concludpd 

by comparing thp data with till" stud ips Lonciuctpd at 

CCRI that thp amount of inspcticide dptBLtpd was too 

low to havp any apparpnt pffpct on thp illsect. Th~ 

insecticidp found probably was from drifts of 1972 spray 
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oper a tions. 

Bioassays u sing fol i agp from th e ma rkpd trpps and 

2nd instar larvap vprp c onduL t Pd in thp fi~ld lab o rator y . 

The larva e did not suffpr an y ill effpcts. It was 

therefore concludpd that th p plots we r e not affeLtpd 

in any way by t hp Feni t r o t hion
R 

spray opprations in 

thp a dja cpnt arpa s . 
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VII. Pre-spray samp lin g 

Prp-spray sampling was first donp on Junp 28. 

when the larvae werp mostly in the first and second 

instar stage, At this stagp they feed on t he new 

foliage and are concentrated on branch tips (Fig . lOd). 

Branch tips (18 " ) were collected from mid-crown of 

the balsam fir trpps using a pole c lipp er equipppd 

with a basket (Fig . 1Ia). Substantial numbers of 

larvae wpre detected in a ll the ploes. Two brancll 

tips were collected from each sample tree and all 

the larvae counted (Tablp 10). 

Larvae were collected at differpnt t imes and 

sent to Dr . Smirnoff at Laurentian Forest Research 

Cent re, Stp . Foy. Qu ebec to determine the incidencp 

of Entomop hth o ra. On Junp 22, 1800 first instar 

larvae werp spnt to Ste . Foy and no fungus could bp 

A spcond sample of a mixturp of first 

and spcond ins tars (1 , 500 in all) WArp sent for 

Entomopht ho ra d~tectlon; again no fungus could bp 

detected . On July 9 f u ngus was detPct~d in th~ 

plots . Dpad ins~cts wpre fo u nd hanging on the lowpr 

branches . Somp of thpm werp collectAd and sent to 

the Insect Patllology Rpsparcll Institute for 

idpntification and subspqupntly Drs . MacLeod and Tyrrpll 

confirmed that Entomophthora pgrpssa was present. 
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Eight days of rain and warm wP8ther , f rom July 

2 to July 9 probably ilPlppd disspminate thp fungus 

(Tablp 11) . First and sPco n d insta r larvae we rp 

particula r ly suscpptible to the infection . The 

incidence of the fun g us was abo ut 11% but it s ub-

sequently declined. A record of mortality dup to 

Entomophthora was maintained in all further studies . 

It became evident th at a secon d pre - spray 

sam pling prior to spraying was warranted . Most 

o f the larva e werp now in the Jrd and 4th ins tars 

and werp observed to bp actively mo ving about al l 

over the tr eps (Fig. 9a). Branch-tip sampling was 

therefo r e a poor indicator of the population in the 

plots and so a beating method developed by Dr . Dtvos, 

Npwfou nd l and Rpspsrcll Centre, was uSPd . A shee t wa s 

placpd under a 30 - 40 ft . tree a nd the branLhes on one 

side with a bp ating polp . The larvae that fel l on 

the sheet wpre countpd . Using this mpthod, spvpn 

trpps wprp s ampled from each of thp plots A, n, and 

C and six at thp co ntrol plot for samp lin g . The 

results arp shown in Tab lp 12. 

S incp s pr aying was to bp perfo r med when 50 % 

of thp population r eache d the ultimat e larval ins tar, 

th e larval - population distri bu ti o n was periodica l ly 

monitored. Th e sa mplin g on July 17 indicated that 
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approximat~ly 50 % of thp popu l ation had rPBcllPd the 

last larva l i ns tar (Tab l p 13) . 
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VIII . Spray Op~ration 

The spray operation wa s carried out between 

7:00 and 9 :00 a . m. on July 19 u sing a Bp i ! G- S hpli -

copep[ (Yvon Fournier Ltd., Cap- dp-l a-~I adpleine . 

Qupbec) equipped with a boom and nozz l e system. TII P 
I 
j 

I 
pilot, Mr. Paul Goulet, calibrated tile sp r ay system 

at the Port Menier airstrip to deliver 2 GPA. The 

helicopter was to fly 30 ft. above the [rep tops 

at a speed of 35 mph and make 10 passes over each 

plot, the swath width being 70 feet to cover each 

10 acre plot. 

The hormone analog, ZR-SlS was available in an 

pmulsion formulation (5 Ibs activp ingredient prr 

gallon of em ul sifiab l e conCPlltr a te). The sp r ay 

mixture was prppared in three separate 45 ga llon drums 

for t he three plots at volumes of 30 ga llo ns per 

p l ot. Plot A was sprayp.d at the ratP of 3 oz/2 

U.S . ga llon s/acre ; plot B, 1 oz/2 U.S . gal lon s/ac r e 

and plot C, 0 . 25 oz/2 U.S. ga ll ons/acre . Rhodamine 

U (lO~ sol u tion, Dupont, Toronto) was added at the 

rate of 10 ml/U.S . gallon . 

A tp.lethermomet er was se t up at th e plot a rea 

with two thermistor probp.s, one at trp.e top and 

t h e other at the middlp to monitor the onset of 

inve r sio n . The idp.al condition for spraying was 
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determined by thp following formula: 

S.R. (stability ratio) = T2 - Tl x 10
5 

~~~--

-2 
U 

where T2 is the top tPmper at urp (at trpe top level) 

T . is the bottom temperatur p (at the middle of 

thp trpp) and ~ is the wind speed . A positive 

reading indicatps stahle condit ion s for spraying 

(inversion) whereas a opgative rpading indicates 

unstable or lapspd condition (Information provided 

by Dr . J. Armstrong, Chemical Control Research 

Institute. Ottawa) . As it turned out it was a 

clo u dy day and thp relative humidity was between 

95-100% throughout thp spray period . No clearcut 

invprsion was observed (Table 14). The condition 

and timing of spray is s u mmarized in Table 15 . 

A stream selected for studying the effect of 

ZR-SiS on aq uatic fauna (Fi g . I and Fig . IDc) was 

sprayed at the rate of 3 oz/acre . 

The deposition of the s pra y in the plot was 

eval uated using thp SystPffi developed by Mr . Randall 

(Chemical Control Research Instit utp, Ottawa) . 

Each spray plate consisted of a folder made of two 

aluminum plates. One plate had a krome - kate card 

and the other had two glass slides , each with a 

2 
surface area of 37 . 5 cm (F ig . lIb) . Immediately 
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beforp sp ra ying , a 100 ro l sample of th e spray mi xtur p 

containing Rhodaminp - B wa s remo v ed from th e air c r af t 

sp ray tank and was us ed for preparin g a standard cu rv e 

for determinin g gal l ons p er acre . Five ~ l of this 

mix ture wa s diluted t o 5 ml in abso lute ethanol and 

us e d as the basal solution. Seven dilutions of the 

basa l dilution ranging from 1:1 to 1:7 was mad e in 

ethano l as before . The optical density of th e 

various dilution s was read a t 540 om (ab so r ption 

peak of Rhodamine-B) in a spectrophot omet e r and 

plotted aga i ns t th e vo lu me of sp r ay solu tion con-

verted to ga l lon s ppr acre. The co nver s ion was 

ac co mpli s h ed by taking the o rigina l vol u me of the 

s pr a y mixtu re u se d in O. D. dptprmination (~ 1) and 

the area of th p. 2 glass sl ides (37. 5x2 : 75 .0 Cm
2

) 

2 
and convp. rtin g t h e ~ 1/75 cm to U.S . gal l ons/ acre . 

The standard c urv ps for plots A. B and th e stream 

are shown in Fig. 6, 7, and Tabl e 16; many car ds on 

p l ot C we r e mi ssed by the sp r ay and therefo r e n o 

da t a is presented for th is p l ot . 

The spray depo s it on the two s lid es from each 

s pray pla t e was washed with 5 rnl of a b solute 

ethanol, filtered th rough a si nt e red glass fi lt e r 

an d th e O.D . of t he so lu tion wa s read at 54 0 nm . 

From the appr op r iate standard c urv e t he GPA 
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correspondin g t o t he D. D. was read . The a v e rag e 

d eposit was 0 . 13 CPA in plot A, 0 . 1 5 CPA in t he 

stream and 0 . 22 CPA in plo t 8 . Thi s was fa r l ess 

than what was anticipated . The detai ls for plo t A 

st ream , and plot B are summarized in Tab l es 1 7, 

18 and 19 . 
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IX . Post-spray Evaulation 

The effects of the spraying were assessed by 

four methods : 

(1) Post - spray collection s of larvae were reared 

in the field laboratory to determine whether or not 

morphogenetic deformities oc cu rr ed; (2) the 

population decline was a ss p s spd by collecting 

the pupae using burlap tra p s; (3) by s urv eying 

the adult moths; (4) by co l lecting P. g gs Dviposited 

on lichens on trees . 

Post-spray larval assessment: 

Abo ut 100 larvae wer e collected f r om each 

plot (A , B, and C) 1 , 5, and 1 0 days after spraying 

and reared on untreated foliag~ in the field 

laboratory . Morphogenetic dpformities were n o t p d 

as the charactpristic hor mo ne-syndrome became 

apparent (Table 20). Onl y those l a rvap that 

were marginally affected co uld b e collected since 

those that wpre mor p s pv erp ly af f pct e d fpll o ff thp 

trp P B (Fig, 8 ), 

was me r ely to pstabl! s h I hi ' horlllon a J 1"[ f " 1,;. 1., Till' 

degree of deformities pr og rp s sivp!y increa s ed 

indicating a hormon a l eff ec t. 

Post-spray pupal as s es s me nt : 

T h e populat i on declinp was a s sr sse d by c o un ting 
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thp number of pUpBP in thp burlap traps . Each trap 

consis t ed of 3 fep[ lOllS b y 1 foot wide bands of 

burlap , wrapped around thp balsam-fir tree trunks . 

The larvae crawled down thp tree and pupated in the 

burlap trap (Fig . 9b) . This method was originally 

des c ribed by Devos (1973). Fifteen traps we r e set 

in each treatment plot and the airport-control had 

10 traps . Thp pupae were reared and examined 

for Entomophthora as well as parasites. The r esults 

are s ummarized in Table 21. To dptermine whether 

pupation might have occu r r e d predominant l y in the 

tr~e crowns as a consequencp of alc p red behavior 

following hormone treatmen t , fivp trees from each 

plot as well as control were felled and the crowns 

examined for pupae. rile r p sults indicatp that vpry 

few larvae pupated in the crown (Table 22). 

Moth Su rv ey 

Adult moths wprA survPYAd by two methods : using 

pherotraps with three virgin fpmales!trap (Fig . 9c) 

and counting the moths flushed from trees after beatin g 

the trunk with an axe . Th e se samplings were carripd 

out from Aug u st 17 to S e ptember 10. Thp results 

are s ummarized in Table 23 and they a gree with the 

results obtained from burlap traps . 
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It wa s obs~r v pd that many morlls in the treatpd 

plots, esppcial1y plot A, Ila d crumpled wings and 

r emained on tree trunks ob v iously un able to fly 

(Fig. 9d). Many of these had defective genitalia . 

Egg Sur vey 

Eggs of the hprnlock l oo per in the treatment and 

control plots we r e examined by collecting lichen clumps 

from branches and trunks of ba l sam fir trees . The 

eggs were placed in cold storage and were examined 

after threp months for viability . 

s ummarized in Table 24 . 

The rpsults a r e 

Moth populations in all sprayed blocks collapsed 

completely a week after beginning of emergence and 

at this time adult emergence was at its peak in the 

control pl ot . 

The rpsults of our post-spray ana l yses indicate 

that the dpsired reductio n in popula tion was obtained . 

Some defoliatio n was expected in the sprayed blocks 

and examination of thp sample trees s how ed damage to 

the new shoots and an a e ri a l s urvey indicated modprate t o 

severp defoliation throughout the test blocks. As 

discusspd ea rlier the foliagp protection from an 

operational spray of an insect g rowth regu l ator 

occurs the succpeding year. 
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X . S tudips of Birds, Mamm als an d Aquatic Fauna 

i n an Area TreacPd wit h Juvenile Hormone 

Analog ue 

Three plots (A, B : an d C) wp.re s elected for 

the monitoring of bird and small mammal populations. 

Res ident breeding bird a nd small mammal populations 

cens us plot s were establis hed on the se plots. A 

con trol plot was lo ca cpd WQll o utsid e of the tr eat -

meot area . A small st ream ru nning t hrough the 

re sea rch arpa was also sp r ayed in o rd er to determin e 

possible s ide e ffe ct s to aquatic fauna. 

Bird population s were recorded on th e enti r e 

plot a r ea (10 acres fo r th e treatment plot s , 20 

acres for the control pl o t ) usin g techniques 

desc ribed by Buckner 196 5 and consisted of trave r s in g 

th e plots alo ng lin es 132 fep ( apart an d recording 

all s inging males and s i g h tP d birds on a plot ma p . 

Resul ts are ~xpress e d as nuober of birds (sin g ing 

males = a breeding pai r, + a ll sight e d birds) per 

lOa acres . 

Sma ll mammal popul ations we r e monitored on 

three con s ecutive night s approximat e l y sjx weeks 

after treatment. Standard snap-back traps wer e set 
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at 10 yard intervals along a 90 yard li n e . Five 

traps set a t 1 yard intervals across the centr e 

line provided a total of SO traps or 150 t r ap 

nights. All animals taken were id en tified , sexed. 

age determined and examined for th~ presence of 

external parasites . Each s pecimen was dissected 

and th e b r eeding condition and genpral health recorded . 

Bottom fauna populati o ns in the s pr ayed s t ream 

were monito r ed by taking se rie s of f i ve sq uare foot 

S u r ber samples befo r e an d af ter spraying at two 

stations . Station 1 wa s situated in a mode r ate -

f lowing r i f fle area about 100 yards downstream 

from th e small lakp which was the s tream ' s source 

and Station 2 was loc atpd in a sl ightl y fastpr 

flowing and shallow e r rif fle about 250 yards furt h e r 

down s tr eam . Organi sms wp r p pickpd f r om the samples 

takpn at Statio n I whilp still a livp whereas 

s amp l es from S tation 2 wprp pr es erved whole and 

picked lat e r in th e laboratory . The organism s from 

~ach sample were identifi ed to Class or Order an d 

co unted . Two Su r be r samplers se t in th e cu r rent at 

the foo t of r if fle areas werp use d to samp l e 

drifting organisms for thr ee da ys follow i ng sp r aying 

of the st r eam. Some incid en ta l observa t ions of f i sh 

and frog populations were a l so ' made . 
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Bi r ds 

The breeding and forag i ng te rritor ies of somp 

species had started to break down for the season 

by the time population cen su s was taken . However 

SPveral species inhabitatin g various ecologica l areas 

we r e still defending breeding ter rit o rie s . Species 

inhabitating thp upper crown area of the fores t 

and those nesting and for agi ng in open areas are 

the most like l y to come into direct contact with 

mate ri al applied aerially and we r e watched ve r y 

ca r efu lly during the actu a l spray and for seve ral 

ho ur s thereafePT. Thosp sppcies which inhabited 

th e lower crown and fo r est floor area do not readily 

come 10t·o direct contact '''ith the spray bu t could 

b e affected by it through c o ntaminated foods . 

Pop ulation s of wintpr wren , American r obin , 

hermit th ru sh and Swainson' s thrush which inhabit 

the l owe r crown and forest f l oor a r eas remained 

fairly constant th r oughout t hp census per iod as 

did those species fo r aging in the up p e r crown a r eas . 

Dpcline of populatio ns of the black-th r oated green 

warb l e r on treatment plot C (Table 2 8 ) probably 

does not refl ect an impact of t he trpatmpnt as 

populations of o ther res i dent up per crown feede r s 

were not af fectpd (Tables 25 - 28). Fox sp arrows 
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and slat~ - colored junicos i nhabitating the fringe and 

open areas were also unaff e cted . 

Comparison of populat ions of birds on the control 

plot (Table 25) and the tr ea tment plots (Table 26. 

27. and 28) indicate that thp applications of chemical 

had no impact upon residen t b r eeding birds in the 

treatment a r eas . 

Small Mammals 

Only one species of small mammal indigenous to 

the island, the deer mouse, Peromyscus maniculatus 

anticostiensis Moulthrop was trapped . Very low 

popu l ation levels were rec o rded on all plots and 

on l y 7 animals in all were t rapp ed, 2 ma l es and 5 

fema l es . No juvenilp or sub-adult an imals were 

rpcovered and no specimens were trapped on the 

control plo t . Dissection of the animals revealed 

good fat deposits and the g~ neral hpalth was also 

good . None of the females were pregnant and none 

contained placental scars in dicatin g the re c ent 

birth of a litt er (Table 29) . Thp lo w populations 

encountered no doubt reflect a normal low point in 

th e population cyclp rathpr th an a r esult of the 

application of the hormone ana l og . 

Aquatic Fauna 

Prespray Surber samples s llowed that Stations 

land 2 in the sprayed st r ea m diffe r ed significantly 
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ill the composition and abun da nce of their benthic 

invertebrate population . Th e smal l lake just upstream 

from Station 1 se rv e d as a source of plankton, 

microorganis ms and organic de bris whicl\ supported 

significantly larger number s of a lmost all g r oups 

of orga n isms at Station 1 t lla n were present at 

Station 2 . T h ~ input of or ganic matter into Station 

1 was directly responsible f o r the large populations 

of cur r ent filtering caddis f ly l a tvae (T richoptera . 

Fam . Hydropsychidae) and fin gernail cl am s (Mo l lusca, 

Fam . Sphaeriidae) at this s ta tion . These two gro u ps 

of organisms strain o r ganic matt e r front the cu rrent 

by means of silk nets and g i lls r e spectively and in 

so doing reduce the a mount o f fo o d a v ailable to 

o rgan i sms furthpr dow n strp am . Outflow from cliP lak p 

also carripd wp ak sw i mmi ng wat pr mi tPs (Arachnida , Order 

Acari) and sc u ds (Crustacea , Orde r Amphipoda ) to 

Station land relativply lar g e populations were 

present there wherea s th es e t wo groups we r e almost 

completely absent fr o m Stat i on 2 . 

Bottom fauna populatio ns at both S t a t ion 1 and 

Station 2 showp.d no significant c ll anges in composition 

or numbers following spray i n g (Table 30). The gro u ps 

showing the g r eatest differpnces in abundance before 

and after spray i n g wpre those which showed relatively 
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!ars" variation in numbers between individual squa r e 

foot samples as reflected in the standa r d deviations 

calculated for each group . 

Drift net samples rev e aled no significant 

increase in t he number of d rifting aquatic o r 

terrestria l organisms afte r spraying (Table 31). 

The number of thrp.espin e sticklpbacks , (Gastero

steus aculeatu s (L . ) and ninpspine sticklebacks, 

Pungitiu5 pungitiu5 (L . ) caught in the d r ift nets 

increased slightly after spraying , but a l l the 

fish caught were alive and healthy when removed 

from the net except for so me captured in the 

samples of 24 - hour o r lon ge r duration . Seve r al 

schools of bandpd killifis h , Fundul u s diaphanus 

(Le Sue u r) and som small American eels , Anguilla 

rost r ata (Le Sueur) were o b s e rv e d to have been 

unaffected by the spra y . Fro g populations along 

the banks of the stream al s o appparpd norma ! after 

spraying. 

The data obtained fro m monitoring resident 

breeding bird and small ma mmal populations and 

aquatic fauna from a tr e at p d s tream indicate that 

under thp conditions of application no adve r se 

side pffects wp r p suffered by these components of 

the e nv i r onment . 
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Xl . Conclusion and Recommendations 

This experiment conducted at Anticosti Is l and 

is perhaps one of the pariiest attempts to test a 

j uv enile hormon~ analo g against a forest insect pest 

in the field . The mode of action of the hormone 

ana log is not fully understood but it has been 

suggested that many of the ana log s resembl e the 

breakdown product of tile natural hormone . Perhaps, 

a t l eas t in part , they block the degradation process 

of the natura! llormone by inhibit ing the enzymes 

involved . The st ructur e - act ivity relationship 

Is a nother area which needs classification. The 

reason why an analog is active in one s p ec ie s a nd 

not in another , even some c losely related s pecie s 

has no t been resolved. Juvenile - hormone research 

is s till in its infancy and many properties have 

ye t to be studied. The future lo oks promising and 

perhaps new analogs that are not only more active 

but a l so specific will be develo p ed. 

Most of the analog s have only carbon - carbon. 

carbon - hyd r ogen, and carbon - oxygen bonds . Almost 

a ll of th em have a terpenoid str uctur e . The 

simp licity of the structure i ndicates the ease 

in which the material can be broken down by mi cro -
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organisms and this has been fully corrobo r ated 1 n 

degradation studies on ZR-SlS . 

The hormone-an a log ha s to be applied when thp 

insect is in the last larv a l instar. By this time 

much of the damage has been done. In additi on , 

I 

I the analog tends to prolon g the larval stadium , 

t ,I therpby increasing the potential damage. It is 

ap par ent that any fOliage protection afforded will 

not be r ealized until the succeeding year of appli -

cation. 

The toxicologi ca l studies done by many gro up s 

on ZR-S l S have s hown that it is perhaps one of th e 

sa fe s t materials available for insect control. It 

has no apparent adverse effects on bird s, mammals, 

fish, and most invertebrates other than insects. 

Thus, control of in sects u s ing hormonp analogs would 

be aesthetically satisfactory in environmental terms . 

The success of our smal l scale experiment 

warrants further testing i n the field . It i s 

important to selec t early in festations so that 

the trees can withstand th e current year ' s damage. 

It is a lso necessary to sele ct larg e enough plots 

so that infiltration from adja cent a rea s does not 

mask the results o f the experiment . The blocks 
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should at Ipast have an ar p3 of 200 acres. While 

the use of a helicopter equ i pppd with boom and 

nozzle give s good coveragp , in order to make th e 

systprn more realistic for l a ter use on large areas, 

micronair system on fixed wi ng aircraft with 

app lication rarps of not more than 1 ga llon ppr 

acre sho uld be u sed . 

The timing of thp spray is an impor t ant pa rt 

of the operation as descri be d earlier . Simple 

methods to detect the optimum time for sp r aying 

should be developed. 

Newer analogs that ar e available shou l d be 

tested in th e lab and gr e e nh o u se and made availablp 

for field tpsting . 
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Table 1 Compounds tested for morphogenetic actl~ity 
against some forest insects. 

/' 
o 

Formula and chemical name 

COOCI!:! 

Methy l lO,11 - epoxy-7 - ethyl,3,11 - dimethyl - 2,6 - t r idecadienoate 
(eight isomers) 

• I 

I-methoxy-3,7,11-trimethyl-2-cis/trans, 6 trans.lO - dodecatriene 

CI CI 
COOCH,CH, 

Ethyl 7 ,11 - dichloro - 3,7,11 - trimethyl - 2 - trans dodecanoate(Ethy l 
dichloro farnesoate) 

o 
COOCH, 

I-methoxycarbony! - 4(l,S - dimethyl - 3 - oxohexy l ) - cyc!ohex- l - ene 

~O~ }-CH,CJ-I, 

(3 ' -ethylphenoxy) - 3.7 -dlmethyl - 6.7 -epoxyoct -2-ene(~poxidized 
aromatic ether of geraniol) 

Referred to in text as, and 
provided by 

Ayerst compound (Ayerst) 

FME(Eco-Con t rol) 

DichIara analog(Eco-Control ) 

Juv a bione(Eco-Control) 

Stauffer compound (Stauffe r ) 



6. 

7. 

Table 1 Compounds tested fo r morphogenetic activ it y 
agai n s t some forest ins e cts . (cont'd) 

COOCH,CH, 

Ethyl 3, 7 ,11 - trimethyldode c a - 2,4-dienoate 

COOCI-I (CI1,), 

Re ferred to in text SSt and provided 
by 

ZR-512(Zoecon) 

ZR- 51S(Zoecon) 

Isopropyl Il-me th oxy-3,7,11-trimethyldodeca-2,4-di e n oate 
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Table 2 Ef fect of ZR -5 15 on the eastern hemlock looper . Different 
concentrations of the technic al material in acetone was 
topically applied at th e rate of 1 ul/4th or 5t h ins tar 
larva . Twenty larvae were us e d for each treatment. 

Stage % larval % Normal % 
treated Treatment morta li ty* adults Deform ec 

A) 4th in s tar Control (1 ~1 ace t one) 90 5 
larvae 5 ~g/~l 50 0 

10 " 65 5 
50 " 85 0 

100 " 80 0 
200 " 85 0 

B) 5th ins tar Control (1 ~1 acetone) 40 50 
larvae 5 ~g/~ l 55 0 

10 " 10 0 
50 " 45 0 

100 " 45 0 
200 " 50 0 

* These la r vae d1ed without manifest1ng any apparent deformit1e s . 
** Deformed insects in the control were later shown to be due t o 

accidental exposure to vapours of th e analog . 

5*' 
50 
30 
15 
20 
15 

10* * 
45 
90 
55 
55 
50 
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Table 3 "Activity window" during the last larval ins tar of the 
eastern hemlock l ooper to ZR-51S . Th re e different levels 
of t h e analog in acetone were applied topically to the 
last la rval ins tar beginning f rom day 1 to day 11 of the 
last la r val stadium . The % deform ities observed i n each 
treatment of 100 larvae is indicated . 

Day of last Control Treatment (~g/~l/larva) 

larval stadi um (1 ~ 1 acetone/larva) 1 10 100 

1 0 12 52 73 

2 2 9 70 97 

J 0 42 83 99 

4 0 23 94 76 

5 1 22 72 90 

6 2 41 68 95 

7 1 55 89 91 

8 0 61 87 56 

9 0 75 82 95 

10 3 62 74 89 

11 0 21 31 62 
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Table 5 Persistence of ZR-S15 applied to potted 
balsam - fir tree s . 

Treatment No . sixth Average % Deformed % Norma l 
( 200 ~l/trees) iostar s da ys to Adults 

pupation 

Control 20 9 0 65 

0.1 % 20 75 0 

1. 0% 20 65 0 

10 . 0% 20 80 0 

The la rv ae were transferred to the trees 15 days after the 

trees were sprayed wi th the hormone analog . 
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Table 6 Effect of s h ort wavelen gth U.V . 
(240 - 260 nm) l i ght on ZR - 515 (1%) 
sprayed on trees . 

Treatment No . sixth Average days % 
ins tars to pupation Deformed 

Control 20 10 0 

ZR-515 20 29 90 

60 min UV!day 10 9 0 

ZI<-SlS + 
10 mi n UV/day 30 80 

ZR-515 + 30 min 
UV/day 30 93 

ZR-515 + 60 min 
UV/day 30 87 

% Normal 
Adults 

56 

0 

20 

0 

0 

0 
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Table 7 Effect of a water spray (5 sec. at 11.S l/min) 
on trees treated wi th ZR-Sl S (1%) . 

T rea t ment No . s ixth Average days % De fo rm ed % Normal 
ins tar s to pup atio n Adults 

Contro l 20 10 0 50 

ZR - 515 20 85 0 

ZR-515 + Hater 
e v ery 3rd day 20 90 0 

ZR - S l S + Water 
spray every 2nd 
day 20 8 7 0 

ZR-515 + Hater 
spray every day 20 60 0 



No . 
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Table 8 llead-capsule me asur ements of L . fiscellaria 
fis ce llaria larva e c ollected in the field on 
Anticosti Island . 

1 lnstar 2 In star 3 lnstar 4 

measured 79 90 155 

Instar 

576 

Range 0 . 40 - 0 . 5 0 0 . 65 - 0 . 80 1.0 - 1. 35 1. 40 - 2 . 20 

Hean width 
in mm 0 . 45 0 . 7 3 1. 20 1. 90 
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Table 9 Fenitrothion residue as indicated by 
GLC analysis of benzene - washings o f 
foliage from plots . 

Foliage Samples Fenitrothion (ppm) 

Spray I Plot A 0.025 

B Tra ce 

C 0.015 

Spray II Plot A 0 . 020 

n 0 . 033 

C 0 . 02 0 



Tree II 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

PLOT A 

Sample 
1 2 

41 36 

25 58 

65 18 

16 3 

21 11 

7 13 

4 3 

29 42 

43 27 

60 49 

-
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Table 10 Pre - spray sample of eastern hemlock 
loope r from plots A . Ba nd C. The 
larvae we r e in the first and second 
ins t a r stages . 

PLOT n PLOT C 

Tot . Tree II Sample To t. Tree n Sample 
1 2 1 2 

77 1 41 54 95 1 83 57 

83 2 26 9 35 2 48 20 

83 3 84 62 146 3 16 56 

19 4 18 11 29 4 11 19 

33 5 63 43 106 5 11 12 

20 6 24 22 46 6 0 4 

7 7 41 25 66 7 3 8 

71 8 32 20 52 8 1 3 

70 9 17 11 28 9 7 5 

1 0 9 10 25 18 1,3 10 5 10 

- -
X a 28 . 55 X • 32 . 3 X • 18 . 95 

To t. 

140 

6 8 

7 2 

30 

23 

4 

11 

4 

12 

1 5 



Date Temp. 
Hax . -Min. (0 F) 

Jun e 1 57 - 44 
2 - -
3 - -
4 59 - 39 
5 55 - 31 
6 59 - 32 
7 71 - 50 
8 70 - 50 
9 - -

10 - -
11 70 - 45 
12 63 - 32 
13 62 - 4 1 
14 58 - 49 
15 57 - 42 
16 52 - 41 
17 60 - 33 
18 65 - 36 
19 65 - 40 
20 74 - 50 
21 69 - 59 
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Table 11 Weather conditions in June and July of 1973 
at Port Menier, Anticosti I sland. 

Rainfall Date Temp . Rainfall Date 
(inches) Max.-Min . (0 F) (inches) 

0.33 June 22 73 - 56 0 J uly 
- 23 60 - 52 0.50 
- 24 66 - 52 0.13 

0 . 02 25 71 - 46 0 
0 27 73 - 48 0 
0 27 73 - 59 0 
0 . 01 28 71 - 62 0 .1 6 
0 29 66 - 55 0 

- 30 78 - 56 0 
- July 1 76 - 62 0 

0 2 77 - 6 2 0.11 
0 3 75 - 61 0 . 17 
0.10 4 75 - 64 0 . 14 
0.40 5 69 - 63 0 . 85 
0 . 09 6 70 - 61 0 . 54 
0 7 77 - 59 0 . 09 
0 8 69 - 56 0 . 03 
0 9 67 - 61 0.01 
0 10 68 - 56 0 
0 11 67 - 58 0 . 09 
0 . 19 12 63 - 54 0 . 54 

Temp. Rainfall 
Max .-Min. (OF) (inches) 

13 64 - 56 0 . 04 
14 64 - 55 0 . 13 
15 66 - 55 0 
16 64 - 54 0.03 
17 71 - 55 0 
18 73 - 50 0 
19 72 - 59 0 
20 68 - 58 0 .1 5 
21 69 - 50 0 
22 70 - 46 0 
2 3 64 - 4 3 0 . 02 
24 69 - 52 0 . 11 
25 70 - 53 0 
26 76 - 56 0 
27 77 - 57 0 
28 76 - 63 0 . 40 
29 70 - 67 0. 16 
30 70 - 60 0.13 
31 72 - 60 0 
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Table 12 Pre-spray beating samples 

Number of larvae/tree 

Samp le No . Plots A , B , C Control Plot 

1 540 13 2 

2 304 288 

3 1089 1 8 0 

4 396 207 

5 873 216 

6 208 225 

7 12 2 4 

x 6 6 2 208 



Sa mplin g 

Jul y 

July 

Ju l y 
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Table 13 La rv a l - popula t io n di s t r ibu t ion 
in the plo t a r ea . 

date Larva e c o ll e cted % In s ect developm e nt 

1 2 3 

B 2 0 B 3 . 0 2B . 0 6B . 0 

1 2 lOB 1.3 2 . 4 B5 . 4 

17 5 9 0 0 '15 . 7 

(in s t a r s ) 

4 

1. 0 

10 . 9 

51, . J 
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Table 14 Telethermomet e r readings for detecting 
the onset of inversion o n Jul y 19, 1973 . 

Time Tempe r ature (0 F) 

Top (T 2) Bottom (T
l

) 6 (T
2

- T
l

) 

7 : 00 A.M. 60 . 2 60 . 4 - 0.2 

7 : 20 62 . 2 62 . 0 +0 . 2 

7 : 40 62 . 6 63.0 - 0 . 4 

8:00 64 . 2 65 . 0 -0 . 8 

8 : 20 62 . 5 62.5 0 
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Table 15 Spr a y time and conditions 

Plot amount sprayed passes wind Sky R. B . 
(oz./a . i./acre) (mph) cover ( %) 

C 0 . 25 7 : 05 -7 : 25 10 3 over - 97 
cast 

B 1. 00 8:15-8:40 10 2 light 100 
fog 

C 3 . 00 8 : 50-9: 1 0 10 0 light 1 0 0 
fog 
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Table 16 Op t ical dens ity of prog r essive dilutions 
of sp r ay mixtures used for conversion of 
s li de area (75 cm 2 ) to gal lon s/acre . 

T ub e No . Plot Volume Solu ti o n "A" D.D. G. P . A. 
(ul) 

blank - - 0 . 000 0 .000 
1 A 5 . 000 0 . 407 1. 425 
2 A 2 . 500 0.203 0 . 713 
3 A 1 . 250 0 . 102 0 . 356 
4 A 0 . 625 0 . 052 0.178 
5 A 0 . 312 0 . 026 0 .089 
6 A 0 . 156 0 . 008 0 .044 
7 A 0 . 07 8 0 . 003 0 . 0 22 
8 A 0 . 039 - 0 . 011 

bla nk - - 0 . 000 0 . 000 
1 B 5 . 000 0 . 315 1. 425 
2 B 2 . 500 0 . 165 0 . 713 
3 B 1. 250 0 .089 0 . 356 
4 B . 62 5 0 . 052 0 . 178 
5 B . 312 0 . 031 0 . 089 
6 B . 1 56 0 . 015 0 . 044 
7 B . 078 0 . 009 0 . 0 22 
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Table 17 Spray pl ate analysis from Plot A. 

Spray plate no . Total volume Average O. D . Volume of (~1) G. P . A. 
of wash Sp r ay on Plate 

Alx 5 ml -
Aly " 0 . 350 0 . 351 0 . 100 
A2x " .047 . 456 0 . 130 
A2y " . 071 . 765 0.218 
A3x " . 060 .614 0.175 
A3y " .025 . 253 0 . 072 
A4x 

, .060 . 614 . 175 
A4y . 032 .315 . 090 
A5x . 033 . 315 .090 
A5y . 025 . 253 . 072 
A6x . 057 . 589 . 168 
A6y . 028 . 291 .083 
A7x . 051 . 548 . 156 
A7y .023 .218 . 062 
A8x .066 .667 .190 
A8y . 060 .614 .17 5 
A9x . 1 11 1. 134 .3 23 
A9y . 033 . 315 . 09 0 
AlOx .024 .246 .0 70 
A10y .031 .312 .089 
Allx .023 . 245 .0 70 
Ally .018 . 179 . 051 
A12x .022 .200 . 057 
A12y . 018 .179 . 051 
A13x . 019 .179 . 051 
AUy . 007 .084 .0 24 
A14x . 129 1. 316 .3 75 
A14y .039 . 393 . 112 
AlSx . 105 1.071 .30 5 
A1Sy . 041 .418 .119 

If - 0 . 4559 0.1296 
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Table 18 Spray plate analysis from stream 

Spray plate n o Total volume Average D. D. Volume ( ;J 1) G.P.A . 
of wash of s p ray on 

plate 

LF 166 5 m1 . 036 . 358 . 102 
LF 167 " . 026 . 316 . 090 
LF 168 " . 027 . 316 . 090 
LF 1699 " .040 . 404 . 115 
LF 170 " . 036 . 358 . 102 
LF 171 " .026 . 316 .090 
LF 172 " .025 . 249 . 071 
LF 173 .026 . 253 . 072 
LF 174 .063 . 621 . 177 
LF 175 . 045 . 456 . 130 
LF 176 .025 . 249 . 071 
LF 177 .033 . 386 . 110 
LF 178 .086 . 871 . 248 
LF 179 .068 . 695 . 198 
LF 180 

, 
.043 . 421 .120 

LF 181 .063 . 621 . 177 
LF 182 . 086 . 871 . 248 
LF 183 . 163 1. 997 . 569 
LF 184 . 045 . 456 .130 
LF 185 . 039 . 404 . 115 

x - 0 . 5309 0 .1 513 
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Table 19 Spray plate analysis from Plot B. 

Spray plate no Total volume Av e rage O.D . Volume (~1) C.P.A. 
of wash of Spray on 

p l ate 

B1X 5 ml . 0 79 . 856 . 244 
Bly .060 .702 .200 
B2x . 059 . 695 . 198 
B2y . 029 . 348 . 099 
B3x . 044 .505 .144 
B3y . 050 .579 .165 
B4x . 096 1. 106 .315 
B4y .074 .856 .244 
B5x " . 059 .695 .198 
B5y " .081 .926 .264 
B6x " .089 1. 046 .298 
B6y " .137 1. 924 . 548 
B7x " .049 .5 76 .164 
B7y " .088 1. 04 3 .297 
B8x " .052 . 590 .168 
B8y " . 059 '.695 . 198 
B9x " .079 .913 .260 
B9y " .093 1. 060 . 302 
BIOx " .047 .562 . 160 
Bl0y " .058 .692 .197 
Bllx " .053 . 597 .170 
Blly " . 060 .702 .200 
B12x " .039 .460 .131 
BUy " .044 .516 .147 
B13x " .034 . 404 .115 
BUy " .031 .358 .102 
Bl4x " . 049 .576 .164 
B14y " .078 .849 .242 
B15x " .089 1. 046 .298 
B15y " , 088 1. 043 .297 

x " - 0.7640 0 . 2176 



Days 

- 63 -

Table 20 Post - spray l arval assessment 
Deformitie s in laboratory reared 
larvae take n from sprayed plots . 

after s pray No . of larvae Plot % Defo r mities 
collected 

1 92 A 16 . 3 

80 B 12 . 5 

90 C 8.89 

5 100 A 13 . 0 

100 B 14 . 0 

100 C 10 . 0 

10 102 A 28 . 43 

24 B 29 . 17 

92 C 11. 96 
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Table 21 Post - spr a y pupal sampling 

Total Healthy 
Pupae/burlap Entomo- heal t hy pupae/ 

Plot trap phthora Para sitized p u pae tree 

Control (Airpo rt) 1984/10 2 26 139 1619 161. 9 1 

A 
( 3 oz/2 ga l/acre) 86/15 10 4 72 4 . 8 

B 

(1 oz / 2 gal/ac re ) 156/15 18 3 135 9 . 0 

C 

(0. 25 oz/2 gal/acre 593/ 1 5 72 3 0 491 32 . 7 2 
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Table 22 Pupal population in cut down trees . 

Trees Entomo- Healthy! 
Plot cut Pupae phthor a Parasitized Healthy tree 

Control 5 94 21 28 45 9 . 0 

A 5 54 2 9 43 8.6 

B 5 23 1 0 22 4 . 4 

C 5 27 1 2 2 4 4 . 8 
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Moths found in trapping and beating . 

j I ' 
!Plot. 

Hoths found 

in traps i n beatings 
(per trap - x of 5) (no . -per tree - x of 25) 

Control 36.4 4.80 

A 5 . 4 0.55 

B 4 . 6 0.65 

c 4. 2 0 . 85 



Plots 

Control 

A 

B 

C 
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Table 24 Egg pop ulation s ur vey 

Total Eggs/Tree 

22 . 9 

9 . 7 

9 . 4 

11. 7 

Viable 

10 . 6 

1. 4 

2 . 2 

1. 1 

Non - vi able 

12 . 3 

8 . 3 

7 . 2 

10 . 6 

% Viab l e 

46.3 

14.4 

23 . 4 

9 . 4 



Family 

CORVIDAE 

PARIDAE 

TROGLODYTIDAE 
TURDIDAE 

PARULIDAE 

FRINGILLIDAE 

, 
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Table 25 

Smal l f o r es t b i rd p o pu lation s on control plot 

Spec i es 

Canada Ja 
COlll!llOn Raven 
Doreal Chickadee 

An t i c os t i Isl a nd . Quebec 

Ju l y 16 - 2 4, 1 973 

Pre-s praY 
Day 

- 3 - 2 -1 0 

0 0 0 0 
10 0 0 0 
10 10 10 15 

Ave . No. 
of Birds 
Per Day 

0.0 
2 . 5 

11.3 
Black- capped chickadee 20 0 0 0 

. 
5.0 

Winter \.'ren 0 5 0 15 5.0 
American Robin 15 20 20 20 18.8 
Hermit Thrush 25 0 0 5 7.5 
Swainson's Thrush 10 50 25 25 27.5 
Bay-breasted Warbler 0 10 10 0 5.0 
Black-throated Green Warbler 15 20 0 10 11.3 
Black-poll Warbler 40 100 30 40 52.5 
Magnolia Warbler 10 10 0 0 5. 0 
Tennessee Warbler 0 0 0 0 0.0 
Myrtle Warbler 0 10 0 0 2.5 
Wilson's Warbler 10 0 10 20 10.0 
American Goldfinch 0 0 0 10 2.5 
Fox Sparrow 75 40 50 50 53.8 
Purple Finch 5 0 0 10 3.8 
Slate-colored Junco 0 0 0 35 8 .8 
White-throated Soarrow 20 50 40 60 42.5 
Swamp Sparrow 0 0 0 0 0 . 0 
White - winged Crossbi ll 0 0 0 0 0.0 

TOTALS 265 325 195 315 24 . 6 

0 

0 
0 
15 
0 
15 
20 
5 
25 
0 
10 
40 
0 
0 
0 
20 
10 
50 
10 
35 
60 
0 
0 

315 

Poe t-spray 
Day ~ve. No. 

Io f 8irdE 
+1 +2 +3 +4 +5 Per Day 

10 5 0 0 0 2.5 
0 0 0 0 0 0.0 
30 10 0 0 40 15. 8 
0 0 0 0 0 0.0 
30 30 45 0 20 23.3 
20 20 15 15 10 16.6 
20 25 25 10 15 16.6 
35 30 15 20 10 22.5 
30 30 20 10 20 18.3 
10 20 20 0 20 13.3 
50 60 30 30 50 43.3 
0 0 0 0 0 0.0 
0 10 10 10 10 6. 6 
0 0 0 0 0 0.0 
0 0 0 0 0 3.3 
0 0 0 0 0 1.6 
30 . 50 30 40 30 38.3 
10 ·0 10 5 0 5.6-
50 40 25 40 10 33.3 
20 25 60 35 40 40. 0 
10 0 0 0 0 1.6 
0 0 0 0 0 1. 6 , 

I 

355 355 305 215 285 24.3 
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Table 26 

Small forest bird populations , on treatment Plot A 

Anticosti Island, Quebec 

July 16-24, 1973. 

- Pre Sorav Post Sorav-
Day Ave. No. Da Ave. No. 

Family Species -3 -2 -1 0 of Birds 0 +1 +2 +3 +5 of Birds 
. 'Per Da Per Dav 

HIRUNDINIDAE Tree Swallow 0 0 0 10 2 . 5 - 0 10 0 0 0 2.0 
CORVIDAE Canada Jay 0 0 20 30 12.5 0 0 20 20 10 10.0 
PARIDAE Boreal Chickadee 0 20 0 0 5.0 20 0 20 0 0 6.0 
TROGLODYTIDAE Winter Wren 0 0 0 20 5.0 20 20 0 20 0 12.0 
TURDIDAE American Robin 60 10 20 30 30.0 0 20 30 30 20 20 . 0 

Hermit Thrush 0 0 30 50 20.0 60 60 40 40 70 56 .0 
Swainson 's Thrush 0 120 70 70 65.0 50 50 40 10 0 30 . 0 

PARULlDAE Bav-breasted Warbler 0 0 40 0 10.0 0 20 0 20 20 12.0 
Black and White Warbler 0 0 0 20 5.0 0 0 0 0 0 0.0 
Black-throated Green Warbler 30 60 60 20 52.5 60 40 40 60 10 46 .0 
Black-poll Warbler 60 0 0 0 15.0 0 0 0 0 0 0.0 
Wilson's Warbler 40 0 0 0 10. 0 0 0 0 0 0 0.0 
Yellowthroat 20 0 0 0 . 5.0 0 0 0 0 0 0.0 , 

FRINGILLIDAE EveninR Grosbeak 0 0 20 0 5.0 0 0 0 10 0 2.0 
I Fox Soarrow 0 0 20 40 15.0 40 20 40 20 0 -24.0 

Pu~p_le Finch 0 0 0 20 5.0 10 0 10 0 0 4 . 0 
Slate-colored Junco 0 60 0 40 25.0 40 10 10 10 30 20.0 
White-throated Soarrow 20 40 30 60 37 .5 0 40 60 10 20 26.0 

" 
TOTALS 230 330 330 410 41.0 330 300 300 260 160 32.6 ; . 

,-.. ~ ,., 
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Table 27 

Small forest bird populations on treatment Plot B 

Antico s ti Island, Quebec 

July 18 - 24, 1973 
- !> r . SDrav - Post Spray 

Da. Ave . No. vay Ave. No. 
Family Species of Birds -1 0 of Birds 0 +1 +2 +3 +5 

Per Day Per Day , 

CORVIDAE Canada Ja y 20 10 15.0 0 0 0 0 0 0 .0 
ARIDAE Boreal Chickadee 20 0 10 . 0 20 30 20 40 20 I 26.5 
ROGLODYTIDAE Winter Wren 0 20 10.0 '20 40 60 20 0 28.0 
URDIDAE Hermi t Thrush 40 20 30 .0 20 100 20 40 40 44.0 

8wa1n80n' 5 Thrush 70 70 70.0 80 60 40 80 40 60.0 
lREONIDAE Warbling _Vireo 80 0 40.0 0 0 0 0 10 2.0 
ARULIDAE Bay-breasted Warbler 20 0 10 . 0 0 0 0 0 0 0 . 0 

Black-throated Green Warble 20 20 20.0 40 0 20 20 20 20.0 
Wilson's Warbler 20 0 10.0 0 0 0 0 0 0.0 • 
Ma~nolia Warbler 0 0 0.0 0 0 0 20 0 4.0 
Black-ooll Warbler 0 0 0 . 0 40 0 0 0 0 8.0 
Myrtle Warbler 0 0 0 .0 0 0 0 0 20 4.0 I 

Nashville Warbler 0 0 0.0 20 0 0 0 0 4.0 
Yello,",throat 0 0 0.0 20 0 0 0 0 4 . 0 , 

RINGILLIDAE Fox S arrow 0 20 10.0 20 40 40 20 40 32.0 , 
Slate-colored Junco 20 20 20.0 20 0 60 20 20 24.0 , 
White-throated Sparrow 20 40 30.0 60 60 40 20 20 40.0 
Evenim?: Gros beak 0 0 0 . 0 0 0 10 0 0 2.0 ! 
Pur le Finch 0 0 0 . 0 0 20 0 0 0 4.0 I 

TOTALS 330 220 30.3 ' ' 360 350 310 280 230 34.7 i 
,I 
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Table 28 

Small forest bird populatio n s on treatment Plot C 

Anticost i I sland, Quebec 

July 18-24 , 1973 

I - . 
r . Spr ay Poe t Spray 

Family S.pecies 
Day Ave . No:-· Day lAve . No . 

-1 0 of Bi rds 0 +1 ' +2 +3 +5 pf Birds 
Per Day Per Day 

TETRAONIDAE Ruffed Grouse 0 0 0 . 0 0 0 20 0 0 4.0 
PICIDAE Yellow-bellied Sapaucker 0 20 10.0 20 0 20 0 0 8.0 
CORVIDAE Canada Jay 0 0 0.0 0 0 0 40 0 8 . 0 

.IE Boreal Chickadee 0 30 lS.0 0 0 20 0 40 12 . 0 
TURDIDAE American Robin 20 20 20.0 0 20 20 30 0 14.0 

Hermit Thrush 30 0 lS .0 20 40 80 40 0 36.0 
Swainson ' s Thrush 30 60 4S:0 20 60 20 20 60 36.0 

VlREONIDAE Warbling Vireo 0 0 0.0 0 60 10 20 0 18.0 
PARULIDAE Bav-breasted Warbler 0 0 0 . 0 20 20 20 20 0 16.0 

Tennessee Warbler 10 0 S.O 20 o 0 40 60 0 24 . 0 
Black-throated Green Warbler 120 40 80.0 80 20 20 0 0 24.0 
Black-ooll Warbler 0 20 10.0 0 0 0 0 0 0.0 
Nashville Warbler 40 0 20.0 0 0 0 0 0 0.0 

FRIN_GILLIDAE Fox Sparrow 20 60 40.0 30 20 40 0 0 18.0 
1; Purole Finch 0 20 10.0 ' 20 ' 0 40 20 0 16.0 

Slate-colored Junco 40 20 30 . 0 . 0 20 0 0 0 4.0 
White throated Sparrow 100 80 90.0 '. 140 80 20 70 40 62 . 0 
White - crowned Sparrow. 0 0 00.0"· 0 0 0 20 0 4.0 

- , 
, ' 

TOTALS 410 370 41.3'" 370 340 370 340 140 37.6 

I 
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Table 29 

Small mamm al po p u l ations on treatment and control plots 

An ticost i Is l and, Qu ebec 

Septembe r 19 - 21 , 1973 

I 
- - , 

MALES FEMALES 
Adults 

PLOT NO . Juv. Sub Adult s Totsl J uv. Sub Pregn an t prefnant Placent9.! Not otal Total 
Adults Adults " th Scars P r egnant Animals Pl acental 

IScars Only 

Contro l 0 0 0 0 0 0 0 0 0 0 0 0 

Treatment Pl o t . 

A 0 0 2 2 0 0 0 0 0 3 3 5 

reatment Plo t 
B 0 0 0 0 0 0 0 0 0 1 1 1 

r eatment Plot 
JC 0 0 0 0 0 0 0 0 0 1 1 1 , , 

, 
TOTALS 0 0 2 2 0 0 0 0 0 5 5 7 , 
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Ta bl e )0 

Me an numbers and standard deviati ons of organisms/sq. ft. collected by Surber sampler 1n a smal l s tream 
before and after exposure to an aerially applied juvenil e hormone analogue spray . 

Anticosti Island, Quebec ' 
July 17-24, 1973 . 

STATION 1 STATION 2 
'Pre Spray Pos t Spray Pre - Spray Post Spray 

Trichopt era 59. 2 • 40.5 116.2 • 96 . 1 9.8 • 4. 2 9.0 ± 3 . 4 

'Ephemer opt era 70. 4 • 30. 0 46.4 • 32. 2 29, 0 ± 9. 0 33 .8 :tl7 . 3 

Coleop t era 26. 2 • 12.7 73. 4 • 49. 2 29. 8 ± 16.9 17.4 :!: 4 .4 

Diptera 36.2 • 20. 5 19.6 • 7.8 23. 0 • 7. 7 18.8 :H6.6 

Turbellaria 2.2 • 1.8 0.8 • 1.0 0 . 8 • 0.5 1.2 • 0.8 

Oligochaete 3. 0 • 0.9 2. 6 • 1. 7 LO • 0. 8 0. 2 • 0 . 4 

Hi rudinea 2.8 • 1. 8 5.2 • 3.2 1.8 • 2.5 1. 6 • 1.9 

Amph i poda 23.4 • 11.9 27.6 • 27 . 5 1. 8 ± 1.3 2.4 • 1.9 

Hydracarioa 7. 6 ± 4. 1 11. 6 ± 5. 5 0 .5 • 0.9 -
Mollusca 331.8 :!:27S.0 208.6 ± 57 . 4 94. 0 • 70.1 70 .0 ±44.S 

I . 
Io t al 562.8 :!:307 • 2 512. 0 ±l37.4 191.2· ':!: 82.9 154 .4 ±55. 7 

, ., , 
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Table 31 

No. of organisms I hr. collected in drift nets before and after 
spraying of a small stream with j uvenile hormq~e analo gue • 

Hours before or after spraying 
sampl ing period begun 

Duration of sampling period (hrs. ) 

Trichoptera 

Ephemeropt.era 

Coleoptera 

Diptera 

Amphipoda 

f eces 

ther aquatic organisms 

errestri lll organisms "If 

Total 

• 

Anticosti Island, Quebec 
July 19-22, 1973. 

Drift Net 1 

- 2 -1 0 +1 +2 

1 1 1 1 4 

2 4 2 3 2.0 

13 9 5 5 9.0 

- 1 2 - 0.2 

4 1 - 1 1.5 

- - - - 0.2 

3 2 1 10 9.8 

- 1 1 - 0. 2 

9· 25 38 28 38.5 

31 43 49 47 61.4 

Primarily adult Ephemeroptera and D1ptera 

. " 

" 

+10 " +34 -2 
" 

24 37 1 
I . _. 

1.4 0.9 4 
. " .. 
1.9 0 . 9 14 

'. .. • 

0.3 0.2 2 .. , . 

2.5 3.2 4 
• , . ... r . 

, 1.3 3.6 -
. I • .. I 

6.5 2.0 -
0.4 0.1 1 .. , ., 

6.1 8.3 14 
" 

20.4 19.2 39 
,.j 

\ 
, . 

Drift Net 2 

-1 0 +1 +2 , 

1 1 1 4 

4 4 1 1.0 

16 18 9 10.8 

- 1 1 -
3 2 3 2.5 

1 - -
1 5 1 -
- - 1 -

16 34 16 9.2 

40 65 32 23.5 

I 



Fig . 8. 

- 7 5 -

The effect of ZR-S lS on eastern hemlock looper 

larvae . Various d ce rees of morphogenetic 

deformities are sho wn . Thes e deformed , 

larval-pupal mosaics were collected from 

plot A. 
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Fig . 9 . Stages in the life history of the eastern 

hemlock looper (co l lected in the field) . 

a) Fourth Ins tar larvae fe e ding on balsam fir needles. 

The spray operation was carr i ed out when the 

larvae were at this sta g e of development . 

b) Pupal populatio n was estimated by collecting 

pupae in burlap traps . 

show some of the pupae . 

The trap is exposed to 

c) Sampling of adult males was done with phero-

tr aps. Each trap Ilad three virgin females 

as a source for th e sex attractant . 

d) Many adult moths emerged with crippled wings , 

a delayed effect of the hormone analog . The 

moth in the middle is normal . 
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Fig. 10 . Topographic situations encountered in the 

field ope rati on . 

a) An aerial view of the location of the treat

ment plots between the three lakes, the 

largest being Lac Larouche . 

runs between the plots. 

The logging road 

b) An aerial view near the Vaureal River to show 

balsam trees dead as a r es ult of hemlock looper 

infes tation s over a few years . 

c) A st ream at the souther n end of the treatment 

plots that was sprayed with the hormone analog 

to study the effects on fresh water fauna . 

d) Tr ee tops in the treatment area newly de

foliated by the hemlock looper , 
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Fig . 11. Aspects of operational procedures and bases 

used during the field experiment. 

a) Some of the ea r ly sampling was done with pole 

clippers equipped with collection baskets . 

b) The sp r ay deposit was monitored using spray plates . 

Each plate has a kromekote card on o n e side to 

s h ow the droplet size and spatial distribution . 

The other side had two glass s lide washings of 

which were spectrophotometrically analysed for 

spray deposit . 

c) The base camp and field laboratory were located at 

Port - Menier. 

d) Th e sprayi n g was done u sing a Bell G-S helicopter. 



FIG. 1 EASTERN HEMLOCK LOOPER INFESTATION AREA 
SELECTED FOR SPRAYING ZR·51!: 
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STAGES IN THE LIFE HISTORY OF THE EASTERN HEMLOCK 
LOOPER, lambdina fiscellaria fiscellaria 
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fiG. 3 LARVAL POPULAT ION OF THE EASTERN HEMLOCK LOOPER 
DURING THE SUMMER OF 1972 

100 

90 

80 

7D 

60 

50 

40 

30 

20 

10 

1-
Ins tar 

, 
/ 30 

JUNE 

\ • 
!I 

Instar 

• 

• --I 
10 

DATE 

m 
Instar , 

• 

• 

20 
JULY 

(1972,ANTICDSTI 

_ . 
• 

• 
\ • 

\ ................ 
I 

30 10 

ISLAND) 

IV 
Instar 

AUGUST 

• 
20 



FIG. 4 LAYOUT OF PLOTS A,B, AND C AT ANTICOSTI ISLAND 
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FIG. 5 DETAILS OF PLOT MARKING 
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FIG. 6 STANDARD CURVE FOR PLOT A AND STREAM 
(ZR-515; 3 OZ./2 GAL./ACRE) 
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FIG. 7 STANDARD CURVE FOR PLOT B (ZR-515; 1 OZ./2 GAL./ACRE) 
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Fig. 8. The effect oJ ZR- 515 on east.ern hemlock looper larvae. 

Various degrees of morphogenetic deformities are sho\m . 

These deformed l arval- pupal mosaics were collected from 

plot A. 



Fig. 9. 
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Stages in the life history of the Eastern hemlock 

looper collected ill the field . 
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Fig. 10. Topographic sit uations encountered in the field 

operation. 



Fig . 11. Aspects of operational procedures and bases used 

during the field experiment. 
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