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(i)

Mixtures of Dipel 3GB, a highly ooncentrated a::rnrercial

fonrulaticn of Bacillus thuringiensis (B. t.) and acephate (Orthene~

(O,S-dirrethylprospooramidothioate), an organopoosphate insecticide,

were applied by aircraft onto 20 to 3o-rectare blocks of white spruce

Picea glauca 'M::alch) and balsam fir (Abi2S balsamea (L.l) trees infested

with spruce btJ:t....urm, Choristcmeura fwnifel'ana (Clem). '!he- fonrulation

oontained carboxyrrethylcellulooe (<K:), polyvinylpyrrolidore (PVP) am

a sunlight screal, Uvinul I:649. D::>sage rate aw1ied was 30 Billioo

International units of B. t. with and without 42 9 AI of acephate in

9.4 t;'hectare. Drop density was generally high with one plot receiving

88 drops/an2 at groorrl level. In spite of this, efficacy of the treat-

nents in terms of population reduction arrl foliage protection was lav,

due rrost likely to the presence of PVP in the fomulation and to un-

usually high nabJral I::udwarm rrortality. 'Ihe treat::m:mts had no .i.mreliate

deleterious effect on the spruce bJ:d\..orm parasite cc:rrplex.



'!he d10ice of i.t forM..1lation in the practical application

of microbial insecticiiles rray he of critical inport.nnce to its

efficacv. In aerial aJDlir.ation of ~uch insecticiCles, r.he J"'OSt

im:ortant formulation characteristic; are: 1. Suitable viscosity

or flo...,;iliilitv in orf..er to fi'lcil itate emission of the flui(t~ through

aircraft tlO7.z1e svsteJl"6; 2. '" htrrect.ant rl~signed to ,re<'luce evaroraticn

during vertical descent of t.te sf'ray nronletC:;j 3. Antidrift ad:::litivps

to reduce lateral I'TOV5Tent of c)rcrllet.c;~ 4. J..J.mrid suspendors to

r.aintain the particulate Mat.eriaLc; in susnension durino spray

anolication; 5. Sunli¢1t nrotectants to nerelerate solar ultra·

v:i olet inactivatial of the microorqanisrrs; r;,. Soray stickers aM

spreaders to iPorove st)reM and acU~~inn of tre pa.~n.<; onto the

tar~t surface and 7. ()t.~er d1erni.Cc-u.~ l·frU.dt TTliQht enhance the toxicitv

of the clisec"l.se a~nts.

Durinq the nast 10 vp-ars or o/l considerable i.rnP!'T)V'E"JT'f!ntc; have

I:lef'n achieved by cemrercial rrenufacturers of Bam llu8 thuringiensis

!:mt the pre.,*"ntlv avaUahle ~rcinl foDTI.tlation~ for fore.c;trv use

s till lack rrany of thec:;e desireahle charactP-ristics. '!his reoort

presents the re.c;u1ts of exr.erirrentos rle.c:;iqned tn further oorove

8. thuringiensis fo.DTU1ations for aerial awlicaticnn aaainc;t forest

insect f'P<;ts.
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'!he farrn1.11ationc; u~ in the nrP."3eJ1t tests are ootlined

in Table 1. Dipel )I)B is a higt rotf"JlCV fOI'T"ulatim of B. thuringiensis

rranufactured bv Abbott J..alxlratorie:> (f-brth C'ti.calF, Illinois) ccntaining

J(j nillion International Units of biolooical activity oer IT.S. qalioo.

~un carlxlxyrret..l-tylcellulose (01em:i.cal flevelcprents of r.anada Ltrl.,

M:x1treal) (o-.r::-R2Q5) is a vlater solwle cellul~ et..~ 1.lS€rl in the

focrl industry narticularlv tor its l.I'\icn~ film forrni.no, suspp-Ildinq,

stabilizinq, enulsi6ring, thickening ann a<f1esive properties. oc

i .. JTOSt eac;ilv dissolved in lvater after ,~ttinq with e~lanol and is

non-toxic to anirra Is. The Frio kid Ped XYJ tracer rlve ig ~tible

with B. thurin(J£cnsis at up to It concp.J1trilticn in hncterial aro'ith

cuJ tum. Uvinul ffi.dq (ChP.JTri.cal femlorrcnts of Canana Ltrl..) is useil

cx:mtrercinll'/ as Cl sunliqiLt Ultra-violet M!';()r.\::ler in ''''ater hilRe paints,

co~rreticc; ~nn rextj les to nrote.ct aqaino:;t loss of rlirrenc;ional stability,

fading of colors and skin darl'ac;p.. It exhibi.ts 10" oral toxicity and

no irrit.-'l.tion to skin arYl eyf":. Polvvinv!nyrro!iorne (T'\"P-T,30) is a

water Boluble rolyrrer charactp.rizro hv it!'; unusual camlexino and

colloidal pr~es and. it.. t::tl'l!'iiological inertness. 1'05 a orotective

colloid it is used in dnJqc; I (letergent fotlTl.l1ations, and coc;rretic

oreparaticns and was ",'idelv uc:erl as i\ hlc:orl pla.crrra extender nurinq

Norid ~!ar II. PVP filIT6 hecr1ITe tncky at 7(\% R11 am at ~()% Hll they

O'1Iltrtin 18% J'fClic;ture, a PT~rtv ...Jhidl 'iugqr"-Clts its utilit:" For aerial

anpli~tiCll in lew htJ"'ri.(Ut" a"Jr)(l.itions. 0ra);uYl ccute toxicities

;uxl eyp ilT)l"I '""..kin irriti\tifTl for- aniIrAls MP. 1001. f>p~pe; (')f"}P tiic;advantage

for JTricrohial fornu1.aticn.c; is tl'l..,t it fonns carPlf>..xe5 with n:my toxins,
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viruses, drugs, and toxic chemicals trereby reducing their toxicity and

irritation.

Chevron spray sticker (Chevron (canada) Ltd., M:mtreal) was

added to the fonnulation for improving sticking of the: spray droplets

to white spruce (Picea glauca (Mbench) and balsam fir (Abies balsamea

(L» needles. Acephate (OrtheneR) (O,S-d:inethyl-acetylprosphoramidothioate)

was adde:I at alx>ut 9000 wn to the spray mix to enhance B. t. effectiveness

against the ~nn (M::>rris et al 1975).

As a prell.rle to application in tie field, laJ:::oratory tests were

cx:llxlucted to determine the SI;X>re and crystal a::ntent and toxicity of tre

Dipel fOl:rnulation slate:l for field use, the effect of the additives (eM:

and PVP) on B. thuringiensis sp::>re germination, and to check the dye

canplexing ability of PVP with Erio Acid Red.

Forest starrls at Rankin, Ontario, consisting mainly of white

spruce and balsam fir trees varying in height fran 9 to 15 m were selected

for aerial testing of the new fomulation. ~ application prccedure and

the assessrents of t.re effectiveness of the sprays were similar to tlDse

previously described. (l-brris et a 7, 1975).
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RESULTS 100) DISCUSSION

'Itte data in Table 2 stow that tlE ratios of spJres to crystals

were approxi.rrately the same in a standard latoratory sample, in tie

unfomulated. material used for tiE 1976 field trials and in the

foomJ.1ated tank mix sanple taken just before locrling into the aircraft.

This indicates that the oontent of basic active i.rgredients (spores and

crystals) of the spray SC'lITple was oormal.

In the laroratory test designed to cx:rrpare spore viability and

B. t. toxicity of unfornulated and fo.rmulated Dipel 36B used in tie field

(Table ), it was fourrl that viable SIOre content and LCSOs were not

significantly different in the two materials. This irdicated that the

additives used in the spray fonnulatioo (CM:, PVP, 0049) did not affect

sp:>re viability or toxici ty of the spJre-crystal mixture for bJd\..orm under

laboratory test conditions.

The 1976 field sample was also bioassayed using L
4

b..d,.onn

to canpare its toxicity with the standard Dipel 368 sarrple which had

been stored in the refrigerator for 2 years. nus starrlard was also

carpared in toxicity (UJso) with its toxicity wtle:n newly receivro 2 years

previously. '!he la.1::xJratory sarrple was rep::>rted. by the manufacturers

to contain 7800 International Units (IU) of biological activity/ng and

the 1976 field sample 9000 IU/rrg. If roth label claims are true with

respect to potency, then tie relative p:>tency of tre field sarrple could be

expressed. as 1.15 (i. e. 9000/7800) usirg the lal:x>ratory sample as reference.

'l'his hypothesis was not rejected by the bioassay results (Table 4) because,

U'e predict:Erl potency ratio is within the 95 confidence limits of the
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experimental value. '!he data indicate that the laboratory sarrple had lost

sooe potency during t~ bo.o-year stora<Je pe.rioo. Note that in spite of tiE

large difference in IDSOs between the bel replicates, tie PJteR::y ratios

are relatively cx:nstant.

Sb.xlies on the eatp3.tibillty of PVP a.rd OC with Bacillus

thuringiensis (Table 5) irrlicated that these additives had no det.rarental

effects on spore gennination. '1lle PVP did not apr:ear to bird tb::! Eric

Acid Ra:l based on the res.J.1ts SUlTlIi3Iized in Table 6. ~, the

effect of PVP on the toxic crystals or the chemical insecticide (h:::e{:ilate)

is unkno.om.

Data fran the field trials s_ that larval developnent on

the spray date (May 30) was B4% r, and L
4

(Table 7). With the possible

exceptioo of Plot 1 (Dipel + DS49-1), tree growth was a.tnJt the s.:m::!: on

both will te spruce and balsam fir wren sprays were applied (Table B)

(see appendix). The deposit rates in temlS of IU/ha and llU'I'ber of viable

spores/ha reaching gramd surface varied. widely bet~ treatments

('fable 8). The ratios of BIU: number of viable spores deposite1 were

identical for the b.o replicated Dipel~rthene fonnulations (1:1) rot

differed fran the Dipel alare treatnent (1: 2). Drop density on Plot 1

was very high (BB/en') and noderately high on the other t"" plots

(23-36/an2). Drop size was low 00 all plots rar>:jing fran 33 to 40 "'"

in average clianeter (Table B) with 94 to 99\ of all drops in the 30-60 ....

range (Table 9).

Data fran th! study of survival of spxes on white spruce arx:I

balsan fir foliage (Table 10) suggested a drastic reducticn in sr;:cre

viabilily as early as one day after spray application. ~es fran

UIf) saTE: branctEs used for spore viability stt..dies when bioassayed for
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infectivity for L
4

wm.onn larvae caused no appreciable IlDrtality anoung

the test insects even rn foliage taken iJmediately after spray applicatirn,

suqgesting that the spray dEplsits may have been ncn-toxic for the b.xlworm

(Table 11). 'lbe reasa1 for this is not yet clear. We can cnly SfECUlate

at this t.i.rrE PVP may have reduced toxicity (due to its carplexing with the

bacterial toxin and with acephate) or nay have fanned a hard film after

drying which becarre i.n:ligestable by the insect larvae. PVP is _ to

be ren:Jered insoluble when oxidizal under the influence of light. 1re

trees used for residual activity stu:hes were qJeIl grown and fully e>qnsed

to sunlight.

The trea.t::ments caused no significant reductioo in pq:ulation

density (Table 12), IlDth emergence (Table 13), defoliatirn and m:>th

ovip:>sition (Table 14) or l.::u:}wonn parasitism {Tables 15 and 16}. '!he

overall failure of this new femulation a~s to have been partly due

to the inclusioo of }XllyvinYP.fITOlidone and partly to high natural b..rlworm

rrortality in t:J'2 JXlP,llation (Table 12). The aerial tests are being re

peated with PVP.

'Dle autlnrs wish to thank Mr. A. tt:xJre, Mrs. B. !'-t:Erlane

and Mr. J. Beveridge for their excellent technical assistance durin1

the a:urse of this stlxly.
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_1. I

Formulations of Eaai:Zus thUF~ngienBi8 (nire:l 11;.B) used at Pankin, Ontario, in 197':;

Plots Area Direr 36B i,Tater eM:: :ar Dve 0549 Orthene Chevron Sticker PVP
(!lal (qals.1 (gals.) (ClITS) ('JI"SI (_I (gm<31 (no;•• ) (grrs)

1 20 20 40 5<8 22A 2271 1275 228 2271

, 28 20 40 S~9 228 Nil Nil 22A 2271•

3 30 30 60 A52 342 34nq 1°18 342 34')8 '"

Plots 1 and 2'.awlicc.tion Sun. !-'ay 30, a.m. 1976.

Plot 3:applicatian Sun. ~1ay 30, p.m., 1976.

0.25%; 2 0.1%;
,

1.0%; 90no Of1T'l; 5 '1.1%;
,
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'J'ahle 2

Spore-crvstal Counts of Standard niJ=el 3fiB Rarrole CarPa.reO "n th

Fonnulated and Unfornulated Dipel userl in Field Trials, lq715*

Peramt
Spare.c; Crvc;tals

~fri~rated Laboratory Rannle
(unfurl'U1ated)

Pefrirp..rated 1976 Field SaITPle
(un£ornulat:e<l)

Spray Tank ,..ti.x
(Jefri<;p.rated 3 I'Of1thsl

50

48 52

4R

• A thin srrear of the Po. t. suspension wa'5 i'Me in riuplicatp frun

each mix anrl the oero=>nta~ of ~res ann crystals counted in 10

oil in\IP.rsi\TI fielcl per slid~.
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Tahle 3

r.ornnarison of Formulated Cl..TlC1 Unfornulaterl Dinel 36B used in Field

Trials, Rankin, Ontario, lq76.

Vial:>le Sooresjrn£.* J£50 (llg per

qm of Diet) **

Fonnulated J1ip2l

Un formulate<1 Dipel 0.834 X I/')9

loS

i.5

* Values are not sicmificCIl1tlv ctifferent.

** Potency ratios of field:check (')1)% C.L) = 1.3 (0.7 - 2.7)

indicatino no diffemnce i.n hioloqical potency. t.,4 spruce

bl.rl'7()DP \<!as usen in the hioassi'lv.



Table 4

Results of I.a.toratory Assay of Potency of Dipel SC (36B) used in 1976 Field Trials Using

a Laboratory Refrigerated Sanple for Reference Starrlard*

W50 (Ugjrnt)
Single Line Analysis
Field Lab.

LD50 (Ugjmt)
Parallel Line Analysis
Field Lab.

Potency Ratio
(95% C.L.)

Lal:xJratory Sarrple
Bioassay 1974 3.0

,...
Field sample 1976 ,...
Rep. n 42 46 43 45 1.03 10.21-5.211 ,

Field sample 1976
Rep. #2 17 16 19 14 0.76 10.30-1.92)

Field Samples 1976 Pooled 0.79 10.67-1.18)

* Values are for duplicate tests.



Table 5

Effects of Polyvinylpyrrolidone arrl Carbo:xymethylcelluslose Additives on Gennination

of 3aciZluB ~hm~ir~ien8is (Dipe1 36B) Spores and on Parasporal Crystal}

Percent
Spores Crystals Vegetative Cells

Untreated Dipel

Dipel + PVP

Dipel + 01:

Dipel + PVP + 01:

18

5

17

20

42

47

40

35

40

48

43

45

1 24 hr. culture in brain heart infusion broth; Slnirnoff Stain.



Table 6

Spectral Transmittance of Various Fonnulations of Dipel 36B as a M3asure of to;

Dye-<Catple:uJ1g Ability of Polyvinyl Pyrrolidone (PV) !\dditive and Erio Acid !led.

Percent Transmittance at 565 m of 1:400 Diluticn 1

Formulations plus 0.1% SUspension Not Suspensions
Eric Acid Red Smeared. on Slides Smeared

Dipel 71 73

Dipel + 1% PVP 72 71

Dipel + 0.5% PVP 71 72

Dipel + 0.1% PVP 71 72 ....
w

Dipel + 1% CM:* 72 73
,

Dipel + 1% CMC + 0.5% PVP 72 73

Dipel + 1% CMC + 0.25% PVP 72 73

Dipel + 1% CMC + 0.1% PVP 72 72

Hean of 2 replicates

• carboxyrrethylcellulose



Date

Table 7

Spruce S\.d·lQI:!"!. r::eveloprent at r.an.1tin, Q1tario m fo1,1ite

Spruce and BalSal" Fir, 1976. ExpresseO ae:; Percentages

of Various Insters

Pupae

May 26

May 30

Jun~ 6

20

4

67

38

13

46

1

11 1

30 69



'('able 8

Ground Oer::osit Rates - Dipel - Ort:hene AArial Trials

at Rankin, Qltario, 1976

---
Troatrrents,lhectare DeJXlSit Rates/ha

BIU of B. t. No. Viable 9 Orl:hene Per.cent of 1'I.,-,=rac;e Oia. Drop
Spores x 10 (g) Emi tted VollJlT'e Nurt::er 2 of Av. Vol. ( IJITI)

Deposited Drcps/cm
I'S bF 'lbtal

I...
'"Plot 1 - 30 8IU Dipel 6.9 6.7 9.7 23.2 87.7 39 40 40 I

... Orthene ... OS 49

Plot. 3 - 30 8IU Dipel 3.1 3.0 4.4 10.5 22.9 41 45 43
of- 0rthene + as 49

Plot 2 - 30 BIU Dipel 1.9 3.6 2.7 6.5 36.0 33 32 33
l\lone

1 Based on coloriJTetic dllalysis of 1)1..155 plate deposits



Table 9

Average percent of drop in class sizes with spread factor of 2

Plot Drop Class Diameters Inm>
30 60 100 200 250

1 76.8 18.1 5.0 0.2 0
~

'"
I

2 65.0 30.4 4.6 0 0

3 94.0 5.4 0.5 0.1 o



Table 10

SUrvival of BaoiLLus thuringiensis (Dipel 36B) Spores on White Spruce and Balsam Fir Trees

in Aerial Spray Plots, Rankin, Q1tario, 1976

Number of NlJnt::er of Viable Spores/gm Foliage x 10 3
Days After Ct.mulative Solar oipel - 1549 - 1 Oipe1 - 1549 -2 Oipe1 alone

Spray Radiatioo Kcal/an2 w.3 bF w.3 bF w.3 bF

O' 0 806 978 960 1608 1930 1020

1 0.52 280 810 N.O. N.D. 56 391

5 2.59 7 15 27 378 4 6 ..-...,
10 5.05 3 7 89 7 86 3

19 8.90 252 104 34 2 1 4

31 14.26 1 2 22 158 2 0

Check 0 0 0 0 0 0

N.D. - Not Done
Drop density (drops/an') at site of test trees were: Oipe1' 1549-1, 163(w.3) and 162 (bF) ;
Oipe1 alone, 91(w.3) and 36(bF).
*5arrp1.es taken i.mnediately after spray application.



'l'able 11

Residual Activity of Dipel 36B Aerially Applied to Balsam Fir Trees, Rankin, Chtario, 1976

Number of Days After
Spray l\Wlication

eurntilative SCm Radiation
in the Field (Kcal/an2)

NLi'i'ibiir of Bu:ho.orm
larvae Tested

Percent
t>t:>rtality

O' 0 189 14.3

1 0.52 174 16.1

5 2.59 95 5.3

10 5.05 97 2.1 ....
00

19 8.90 93 l.0

31 14.26 82 12.2

untreated Check 26.1

Average of 2 replicates each. Plot 1.

.. Samples taken imnediately after spray application.



Table 12

r:ffects of Tl:eatrrents en Population Reduction

Treatnents
Pre-Spray O:msit'!
Larvae/l00 BIDs

(Larvae/18" Branch)
wS bF

Corrected % Pop.tiation
Pedueticn (Based on

Bud Counts) 1
WS bp

Pesidual Pr:flulation
Density/100

Buds
'¢? f'F'

Dip::!l + 0049-1 1: ~20) 7 (8) 92 81 1.0 1.3
I

>-'
Dipe1 + C649-2 12 (14) 7(6) 92 92 0.9 0.5 '"

Dip:l Alone 9 (11) 6 (6) 86 °6 1.3 0.2

Untreated C1eck 12(17) 7 (9) (83) (73) 2.0 1.9

1corrected by Abbotts fortTU1a.

'Ibta1 solar r¢i.?tim fran date of application to the final larval 0en5ity assessrrent was
11.07 kCal/~. M:!an rrax. and II'Iin. terrperature for the sane period were 26.1 and 12.1oC,
respectively. Total rainfall, 4.5 em.



Table 13

Effect of Treat:rrents on Moth Energence

Treatnents Number of Pupae
caged

Males Fem3le

Average Pupal
Weights (mg)
Males Females

Percent rbth Emergence

Males Fenales Total

oipe1 + 0849-1

Oipel + DS49-2

Dipel alone

untreated Check

209

194

213

296

152

125

159

252

54

57

58

65

76

79

84

93

53

59

60

56

42

62

45

63

58

60

53

59

"o
I



Table 14

Effects of Treatrrents 00. Defoliation ani!. Oviposition, ~anldn, Ontario, 1976

Treatrrents
Percent Defoliation
wS bF

Soccess ful Egg ~-1asse5

per 101) s. ft of Fbliage

Dipel + 0049-1

Dicel + DS49-2

Oipel Alene

untreated Oleck

10

10

10

18

7

3

5

16

3

1

2

4

N....
I



Table 1,

Percent Larval, Pupal and Egg :Mass ParasitiS!'l in Treated and Untreated Plots

Rankin, Ontario, 1976

Treat:Jrents Larval !'\.'Oal Totals Egc;r !'-lasses I

Dipe1 + 0849 -1 9 11 20 18

Dipe1 + DS49-2 0.6 7 7 .~ 22

N
N

Dipe! Alone 5 11 H 15

Untreated Chec.1< 9 6 15 28

Trichogramra sp.



Treatnents Plots

- 23 -

Tat>le 16

List of Parasites E}rerging f.I'OIJ' Larvae

and Pupae frem Treated and Untreated

PIat..::;, Runk.i..n, CHltario 1q76

PCl.rasite Species

Dipel - ffi49-1

DiI;el - [1;49-2

Untrented

Larval

14 ApanteZea fWTTifel"ana
2 Apanteles sp.
3 L'nidenti fied

1 Unidentified

4 Apantela fumiferanG£
1 Glypta fumife~e

Hi Apanteles flJ.J1tifeJy;ma
2 Campoplex sp.

Pupal

14 Itoplectis conquisitor
9 Phaeogenes hariolUiJ
1 G~ypta fwrri.ferona2

17 Ormtoma fwm~fel'anae

15 ItopZectis conquisitor
9 Phaeogenes hariolus
2 OnatG'7lQ' fumifeJ'(ltTae
1 Tachinidae

l~ Itoplcctia conquisitol"
1 Apecthis ontario
2 ~aeogeneD hariolu$

17 Omatoma fumifervzna.e
2 Tachinidae

17 ItopZectis conquisitop
2 Phaeogenes hanolus
2 Apecthis ontario
5 Omatoma fwni feranae
1 Sarcedlngidae
1 IchnellJl'01idae
1 Dolidlopodirtae
2 ACicxxClc:ter sp.

1 ldentificatiC!1S by F. Titu<;, H=rrit.iJres ForeRt Research Centre.



APPENDIX I



*******************************************
'* CHECY PlC'! 1. pp.,·vrt *
.. PPf-SPP~Y *
* "'AY ]4. lC?7f. *
********** .. ********************************

NC ""F II III IV V III E>lERCEe CEAC PAE\A- ASSOC LIVE
TREES I: STAF I~STAP INS'IAj:; I~S'I ap INSTP-P PUPAE PUPAE set'- SITES SP 5 BY.;
**_*lO ****** ****** ****** '****** ****** ****** ****** **** ***** ***** ******
ALi SPECIES

5" 2°4 9Gti 61 1 0 0 0 17 0 4 1256
I .. 1.4') 71. H) 4.901 · l' ) .~t) . 0 ~) ."~I

'5 ... :.. L),
i'S 2.. ~ 5C?U 32 1 ~ 0 0 15 0 1 831

( "S.t") 71.00) 3.~~) · H) .iltl .0tl .0'1
Sf ... ~ l ':

.5 F6 ll( 29 0 0 B 0 2 0 3 425
:~'.2T) 72.9%) 6. Ft) · .. <) .0~) • ~%) . et 1

59",' POPULAIIO~ DENSITY
**********************

ALL SPECIES WS H

PH Bee .097~ .11 0 9 .0107

PER SC M F9.8 123.2 58 . 7

fER 1~~ sr FT , 34 . 1145. 545.

PER B~,A.NCJ1 12.56 16.62 ~.5~

TREE VIGOP
**********

Eues PER SC " 925.7 102F.0 830.5



*******T***********************************
* PLOT 1 RAN~IN *
* PRE-SPRAY *
* M,l'I.Y 23. 1976. *
*******************************************

NO OF II III IV V VI EMERGED DEAD PAFA- A.SSOC LIVE
TREES INS'IAR INS1'AR INS'l'AP INSTAl? INSTAR PUPP-E PUPAE S 8ftl SITES SP SB\Ai
***** ****** ****** ****** ****** ****** ****** ****** **** ***** ***** *****~
ALL SPECIES

50 SEO 742 66 1 ~ 0 ~ 6 3 37 1369
4\1.9~) 54.2%) 4 . E%) · H) · 0' ) . 0 ~ ) . 0 %)

toiS Gi~LY

25 '52 513 25 1 0 0 0 2 , 20 9910

( 45.6%) 51. 8%) 2.5%) · 1'1 · 0 %) .0%) . 0 %)
Ef O,LY

25 le~ 229 41 0 0 0 0 4 0 17 378
2f:..6't) 60.6%) l~.E%) · 0 %) · 0. ) . 0. ) .~.)

SB~ POPULATION DENSITY
**********************

ALL SPECIES ;7S BF

PER BUD . 1001 .12~3 .0635

PEt; Sf M 1~3.5 147.9 57.9

PER HI0 S0 FT 961. 1374. 53?

PER BRANCH 13.69 19.~2 7 . 56

TREE VIGOR
**********

BCiJ3 fiE;;' 50 " 1034.2 1153.1 912.1



*******************************************
* PLOT 2 RANKIN
* P~E-SPRAY

* M.a.y 21. 1976.

*
*•

*******************************************

NO OF II III IV V VI E~lERGED DEAD PARA- ASSOC LIVE
TFE£S INSTAR INSTAR INSTAR I!"l5TAR I~STAR PUP,A.E PUP.~E SSW SITES SP SBW
***** 'It***** ****** ****** ****** ****** ****** ****** **** ***** ***** ******
ALL SPECIES

5U 522 301 10 0 0 0 0 2 3 7 P33
6<.7%) 36. H) 1. 2%) . 0 %) · 0 %) .0%) . 0 %)

(,,5 ONLY
25 36e 185 4 ij 0 0 ij 2 2 4 557

( 66.1%) 33.2t) .7%) .0%) · 0 %) .0%) .0%)
BF ONLY

25 154 116 6 0 0 0 0 0 1 3 276
55.e%) 42.e%) 2. 2~ ) . 0 %) · 0 %) . 0 %) .0%)

sew POPULA1'IO~ OENSITY
**********************

ALL SPE'Clf,S WS SF

PER BUD .0761 .0936 .0553

PER SI' M 60.4 P4.0 3P.6

PER 10e sn FT 561. 7Re. 358 .

PER BRANCH E. 33 11.14 5.52

TREE VIGOR
**********

BUGS PeR S0 1'1 793.5 P97.5 697.0



*******************************************
* PLOT 3 FAN~rN *
* P~E-SPPAY *
* ~lAY 1°,20, 1976. *
*******************************************

t' ..; JF II III IV V VI EMERGED DEAD PARA- ASSOC LIVE'
Ti'E!:S ~t\STAR INSTAR INSTAR INSTAR IN$TAFI PUP,ll..E PUP~E sew SITES SP S8i'
***** -***** ****** ****** ****** ****** ****** ****** **** ***** ***** ******
~LL SPECIES

,e 63' 3BF 17 e 0 0 0 17 4 11 1039
61. e$) ( 37, 3~) 1. 6% I . ~ %1 . 0 %I . 0 I I .0'1

"'S JNL\
~5 454 255 12 0 0 0 ~ 13 2 ~ 721

I 63.~%) 35.4%) 1.7%) .ell . 0 I ) .01) .ell
SF ONLY

25 lae 133 5 0 e e 0 4 2 l lIe
56.6!) 41.Pll 1. 6% I . e. ) .el) .0%) .0~)

SB~· POPULATION DFNSITY
**********************

~LL SPECIES NS SF

PEF Bue .0929 .1153 .e645

PEP 51;" ~
-- , 110.9 45 .•I I , _

PER 10e S0 FT 71 B. 1030. 426.

PH SPANCH 10.39 14.42 6.36

TREE VlrOR
**********

BUc:. ~EF S( " '32.2 961.7 7Ie. P



APPEMHX II



****~**************************************

* (HEel.' PLC'l 1 FlA'-':"'I:-, *
* POST S?FAY I *
* JUi\:E 14, 1976 _ *
*******************************************

::c Vi II III IV V VI E:~~fFr.ED DEAD PARA- ASSOC LIVE
If itS H·S'l"l- I~S'IAt.. I~S'Iil.f. U!STAf, INS'lAF PUPAr PUPAF SBl<i SITE.S SP SE.v
*.. 'It 'It * 11****. ****** ****** ****** ****** ****** **11*** **** ***** ""**""* **""""**
ALL ,S£.lE.CIE.S

5. ~ 1 f 16 217 2lP 6 5 e 26 464
· J t ) · 2' ) 1 . 3~ ) 3.49.} 116.P~) 47.~lR) 1. 3')

., (. \; L ~.,
" 1 4 f 9~ 122 4 4 16 :221

· J' I · ,U) I.PlI 2.t·) 39.f') 53.7!) 1. Pi)
of c :.~

:5 J d 2 10 12 i 96 2 1 0 10 237
· ~? ) • 0I ) .PI) .1.29:) 53.6t) 4r..5·) . e%)

S 8 i·, POPULATIO~ CENSITY
*******""**************

AlL 5 PEe I ES \0;5 SF

Pt:" et:c 0493 . 04 4 ~l .?544

Plr: 'r ,. 34 . 1 31. 0 37 . P0

o l 'r 1 'CJ ~~ sr f1 317 _ 2FP. 351.

PE.r EhANCH 4.64 4 . 54 4 . 74

TFEF VIr.OP
**1111****11*

E PE.~ _r .. EO 2 _.1 fQ~.3 694.P••



*******************************************
'" PLOT 1 FANVIN *
* POST SPPAY r *
* JUr\t. 9, 1976. *
*******************************************

,c OF II III IV V VI ti"1ERC:ED CEAD PAFA- ASSDC LIVE

THE" I:~S'l'Al< I~S'TAF. I NS'l'AF INSTAR INSTn PUPAE PUPAE 5 e. i" SITES SP sa;;,:
***** ****** ****** ****** ****** ****** ****** ****** **** ***** *"'*** ******
ALL SPE.CIES

50 2 21 78 151 197 11 0 If) e 6· 46"
• 4 %) 4 . 6 %) 17.0%) 32.'%) 42.f1~) 2.4%) · GO

~'iS Or-;LY
25 2 12 51 96 144 9 0 7 59 314

( . 6 %I 3 • P%) 16.2%) 30. H) 45.9%) 2.9%) • U%)
EF 01, LY

25 U 9 27 55 53
,

'1 3 5 146<

. .,%) ':;.2't) If.5?j 3 7. H) 36.3%) 1.4~.) · 0 %)

SB~ POPlILATION DENSITY
**********************

PEE BUD

PEP sn f>"

PEl' lce so FT

PEr, E:t\ANCH

EL.:GS PEl{ SO M

ALL S1?ECIES

.0434

3 2 • 9

305 .

4 . 6~,

757 . 9

TREE VICDR
**********

.0598

44 • 4

413 .

6.2P

743.0

Ef

.0273

21.1

1~6.

2.92

773.1



*******************************************
* PL01 2 PANrI~

* POST SPRAY I
* .1Ur--E l~), 1°76.

*
*
*

*******************************************

r·jU Of II III IV V VI oMERCoD DEAD PAFA- ASSOC LIVE
'Ii-t.LS I~ST".R INS1Af' 1NST,a R INSTa~ INS1'H PUPAE PL1PAE SBi\ SITES SP 58"
***** ****** ****** ****** ****** ****** ****** ****** **** ***** ***** ******
ALL SPECnS

5~ 0 , EO 12'. 137 f n p E' 20 339
. 0 .. ) 1. H) 19.51) 37.2 i ) <10.4 9 ) 1. P") • ~ %)

\t\S OH,
"5 >J 2 '" 91 10~ 5 0 1 lP. ;:44

( . ~ .. ) • EI) IP.9%) 37.3.) 41. O~ I 2. 0. ) · 0 .. )
Ef O~L,

25 " 2 2 {oJ 35 37 1 0 7 2 ,5
.ot) ::: . 1'1 ) 21. H) H.P') 3P.o,) 1.1') · 0" )

sev; POPULATION DE'SITY
**********************

eLL SPECIES \.; S Sf

P<f, eue .0474 .0607 .;;;04

PEFe S<' ., 24.0 34.9 1 j . 3

FEfo hJ(; sr £1' 223. 324 . 1 . "j< ~ •

PE k Lf.f-tJCE 3 . 39 4 . PP 1. ~ Z

TREE VICOF
**********

Gt":S PEP sr '.' 5'~ 5. 3 575.1 "7.1



*******************************************
* PLOT 3 RANK IN *
* POST SPRAY I *
* JUNE 11. 1976. *
*******************************************

~0 C.F II III IV V VI EMERGED DEAD PARA- ASSOC LIVE
TREE3 INS'IAR INSnR INSTAR INSTAR INSTAR PUPAE PUPAE SSW SITES SP SSW
***** ****** ****** ****** ****** ****** ****** ****** **** ***** ***** ******
ALL SFECIES

5' 1 8 21 58 150 15 2 14 0 23 255
.4%) 3. H) 8.2%) 22.7%) 58.8%) 5. 9 %) . 8 %)

;..:S CNLY
• < 1 2 9 46 127 14 2 5 0 19 201,-

.5') 1. 0t) ( 4.5%) 22.9%) 63. n) 7.0%) 1.0%)
8f CNLY

•• 0 6 12 12 22 1 0 9 0 53< .
.0%) l1.3t) 22.6%) 22.6%) 41.5%) 1. 9%) .0%)

SEW POPULATION nENSITY
**********************

nL SPECIES \\S SF

?EF. Et;G .0295 .0462 .0129

PER sr !"t 20.7 30.3 9 . 7

PER lue SC FT 193. 281. 90.

PER 5F.b..l\CH 2.55 4.02 1.10

TREE VICOR
**********

;:;':;:5 FER SO ~'. 702.9 654.5 754.7



APPENDIX III



****** •••••••••••• __ •• _••••• **_. __ ._--* ••• *
• CHECK PLOT RAN~IN •
.. POST-SPRAY 2 *
• JUNE 24, 1976. •
••••••••••••• *••••• _••••••*.*.* •• *•••• ** •••

NO JF I: ill IV V VI EMERGED DEAD PARA- ASSOC LIVE
TREES INSTAR INSTAR INSTAR INSTAR INSTAR PUPAE PUPAE SSW SITES SP SSW
•• **. ••••• * *•• *.* .** ••• **.*'** *.**** ***.*. .....- •••• -*.* • ._*** .***.*
ALL SPECIES

50 0 0 0 2 36 67 183 4 1 14 288
.0\) .0%) .0\) ( .7%) 12.5% ) 23.3%) 63.5%)

WS ON LV
24 0 0 0 1 18 35 103 1 10 157

.0%) . 0 \) .0\) . 6 \ ) 11. 5%) 22.3\) 65.6\)
SF ONLY

25 0 0 0 1 18 32 80 2 1 3 131
.0\) .0\) .0\) . 8 \) 13.7\) 24.4%) 61.1\ )

SSW POPULATION DENSITY
•••• ***** •• *.*.******.

ALL SPECIES WS SF

PER BUD .0319 .0347 .0332

?ER SO M 21. 9 24.6 19.8

PER 100 SO FT 203. 229. IB4.

PER BRANCH 2.88 3.27 2.62

TREE VIGOR
*****.**-*

BUDS PER SO M 685.9 709.3 596.4



••••••••••••••••••••••••••••• * •••••• *••••••
• PLOT 1 RANKIN •
• POST-SPRAY 2 •
• JUNE 23, 1976. •
••••••••••••• ** ••••••••••••••••••*.* •••••••

NO OF II III IV V VI EMERGED DEAD PARA- ASSOC LIVE
TREES INSTAR INSTAR INSTAR INS TAR INSTAR PUPAE PUPAE SBW SITES SP SBW
••••• •••••• ..*.*. **.*** ****** **** •• ****** •• **** •••• **** • ***** ** ••• *
ALL SPECIES

50 0 0 1 1 36 75 39 2 0 13 152
.0%) . 0') . 7 %) . H) 23. H) 49.3%) 25.7%)

WS ONLY
25 0 0 1 1 20 27 20 1 12 69

( • 0 %) .0%) 1. 4%) 1. 4%) 29.0%) 39.1%) 29.0%)
BF ONLY

25 0 0 0 0 16 48 19 1 0 1 83
.0% ) .0%) . 0 %) .0%) 19.3%) 57.8%) 22.9%)

SBW POPULATION OENSITY
*** •••••••••••••••••••

ALL SPECIES WS BF

PER BUD .0198 .0175 .0221

PER SQ M 11.4 10.2 12.7

PER 100 SO FT 106. 95. 118.

PER BRANCH 1. 52 1. 38 1. 66

TREE VIGOR
••••••••• *

BUDS PER SO M 577.6 580.7 574.4



•••••••••••••••••••••• * •••• * •••••••••••••••
• PLOT 2 RANKIN •
• POST-SPRAY 2 -
• JUNE 23, 1976. *
.*.*.***.*** •• *.*.************ •• ** ••• *•••• *

NO OF II III IV V VI EMERGEO DEAD PARA- ASSOC LIVE
TREES INSTAR INSTAR INSTAR INSTAR INSTAR PUPAE PUPAE SBW SITES SP SBW
***** ****** *-**** ****** ****** *****. ****** ****** **** ***** ***** ******
ALL SPECIES

50 0 0 0 1 28 68 52 8 7 7 149
( .0%) . 0t) · 0%I . 7 %) 18.8%) 45.6%) 34.9\)

WS ONLY
25 0 0 0 1 21 37 43 4 2 5 102

( .e%) .e%1 · 0t) 1 . e% I 2e.6%) 36.3" 42.2%)
BF ONLY

25 e 0 e e 7 31 9 4 5 2 47
( . e% I .e%) ( · 0%) .el) 14.9\) 66.e" 19.1%)

SBW POPULATION DENSITY
**********************

ALL SPECIES WS BF

PER BUD .e098 .e239 .ee43

PER SO M l1.e 13.8 7.6

PER lee SO FT 1 e2. 129. 7e.

PER BRANCH 1. 49 2.e4 .94

TREE VIGOR
****.*****

BUDS PER SO M 112e.7 577.8 1764.7



******************-*******-*****-******----
* PLOT 3 RANKIN *
- POST-SPRAY 2 *
* JUNE 24, 1976. *
**--_.*._*.**-****** •• _*-**** •• ***-* •• * ••• *

NO Of II III IV V VI EMERGED DEAD PARA- ASSOC LIVE
TREES INSTAR INSTAR INSTAR INSTAR INSTAR PUPAE PUPAE SBW SITES SP ssw
**-** *** •• * •••••• .__... *_._-* ._--*- ------ *-_._. ---- ----- ....- -**--*
ALL SPECIES

50 0 0 0 4 20 27 23 2 11 7 82
.0%) .0%) .0%) 4.9% ) 34.1%1 32.9%1 28.0%)

WS ONLY
25 0 0 0 1 14 21 19 2 7 7 55

( .0%) . 0%) . 0%1 1. 8%1 25.5%) 38.2%1 34.5%)
BF ONLY

25 0 0 0 3 14 6 4 0 4 0 27
. 0%) .0%) .0%) 11.1%) 51.9%) 22.2%) 14.8%)

SBW POPULATION DENSITY
**_._ ••• __ •••• _-*_._--

ALL SPECIES WS SF

PER BUD .0118 .0152 .0082

PER SO M 7.3 9.9 4 . 8

PER 100 SQ FT 68. 92. 44 .

PER BRANCH .82 1.10 . 54

TREE VIGOR.
---*-*---*

BUDS PER SQ M 617.7 654.1 582.1
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