


PROCEEDINGS OF THE EIGHTH ANNUAL 
MORTHEASTERN FOREST INSECT 

WORK CONFERENCE 

Techniques fgsr Research, Deve!cepment, and 
Applicaaiisw 

N Q B ) ~  Haves, C@mnecfiicss+ 
1-3 April 1975 

CONTENTS 

An overview of the Eighth Annual 
Xortbeastc~.n Forest Insect Work Conference: 
THOMAS ODELI, , . . . . . . . . . . , . . .  1 

I~ )~a l t~ i t i r i i~n l  Pnr;cr,s: 
The pilot boll ureevil eradication experiment: 

C. K. I'ARENClfl . . .  3 
Kairomones and their role in pest nlanagement: 

W. ,J. LEWIS and others . . .  7 
Gypsy moth researcti. develop~nent and ap;>lications 

program: structure, objectives, and direction: 
TIICIMAS McINrl'YI-lE: 15 

T4rorlcsfloy) Szc.n~rrz!cr!j: 
Parasite csaluatic~n a11c1 ~nanagcix~ca! 

M.AK.TOHIF: A.  IiOV 
Iiield arid laf)oratory idrntification (>I" inscct pathogens: 

.TOIJN S), f'0I)C~WAf'lT . . . . . . . , . 



A N  CIVLBCVIIEW OF THE ElGMTH ANNUAL. 
NORTHEASTERN FOREST INSECT WORK CONFERENCE 

by THOMAS OII)EI,I,, research entomologist, Forest Insect and 
Disease Laboratory, northeast err^ Forest Erperinlent Station, 
Forest Service, USDA,  Hatnden, Conn. 06514. 

RD&A is  the  abbreviation fo r  the three 
basic coml>oncnt.s of a pest-n~an:~gement 
program: Research, I)evelopn~ent, ;tnd Ap- 
plic:it.ion. Ui~fortun:itcly, t.he shortcut is used 
so loosely we oftell forget the  magnitude and 
iml)ort:lncet of the  relationshill I~etween the 
three, and that  i t  takes a super managenlent, 
communic:~tion, and cool)er:it.iot~ effort to 
meld them into a problem-solving unit. The 
t h e ~ n e  for  this year's Work Confererlce, 
"Techrliques for  Kese~trch, X)evelopn~ent and 
Application," was a direct response to the 
need for  more eommutzication. The objective 
was to provide a forum where current and 
proposed techniques could be reviewed, evnlu- 
trted, rind discussed and whcre cooperation 
could be. fostered. 

The work~I1o1) ttqiics were clioscn from re.. 
spcHnses to a questinnn:~irc sent to 150 p:trt.ic.i- 
p:int$ in l~reviouu Nortl>eiist.ern Forest I nsWt 
LVork Corlferenres. The survey indicated an  
ovcrwhclming interest in all aspects of para- 
site w e  in :L ]lest-mani~genlent Ilrograrn. For  
this rcz:soa, two p:tr;rsite workshops were 
sclreduled : ( 1 ) "Pilr;tsite E:valu;itinn," and 
( 2 )  "T%arl.~site Mtin:.igcn~ent." "Evalu;ction," 
a s  I t  is presently t~sed ilk conjunction wit11 
parlisites, has several ingredier?ts; some a r e  
qualitative, such as the  determination of cer- 
tain physiological responses to  varying en- 
vironment,~ (diapause, etc.) , while others a r e  
quantitative, such as the  development of 
sampling schemes f o r  nleilsuring percentage 
of parasitism. Parasite management em- 
pllasizeg the  effect,ive utilizutior~ of parasites 
in a pest-management progl*;tm, by inocula- 
tive releases. by inund;rtivc releases, by en- 
hancerne~ll, (.if established parasite populations, 
or  by cornbinatioi~s of the  above. 

Qne woui!d suppose thttt ev;Ju:rtion must 
precede management if,  indeed, management 
is t o  exist. But  th is  Is more the  exception 

thi111 the rule. The partlsite worksllops were 
c.lcsip~letl to increase! our uride~standing of 
tile relatiorishil) between evaluation and  
martt.tgcrnent and to hridge the commun- 
ir.:ttion gap t ha t  seems to exist between 
rese;irch (evaluation) and application (man- 
a y e v e n t ) .  

Tec:h~riques f o r  sampling one or  more of a n  
insect's life stages was on everyone's list. 
1mport:tnce of siimpling in all aspects of re- 
se:!rcl~, develuprnent, and application was  
reflected i rr  the  excellent p:trticipation a t  t h e  
sampling w o r k s h o ~ ;  one got the  impression 
tha t  wittiout sampling a pest-man;igement 
propram wiis just so much wishful thinking. 

RehavIr!ral cheniiculs have received their  
share  of progr;rnl time in most insect work- 
shops :it~d symposia in the  last 8 years and  
this Conference was rlo exception. Very 
s i l~ t~ , lp ,  there  is  a lot of important and in- 
teresting work being done, and apparently, 
pec~ple want to know izbouit it. The use of 
k,eh:tvioritl lncdiating chemicals (BMC) is  
relatively new to pest management pro- 
grams;  yet ,  like many new things, we've 
tagxed them wit11 a super-solution label and 
dragged them into the development-and- 
application phase of pest-man:igement pro- 
grams without completing the  research. As 
with previous so-called "super solutions," 
HMC has been returned t o  tile laboratory f o r  
more intensive investigation. The potential 
is still there - t,hat's what generates the  
interest. 

The topic '"Identification of insect Patho- 
gei~s" ~ ~ l a e e d  high in the  techniques-we-want- 
to-know-more-about c;itegory. Although in- 
sect pathogetis a r e  primary crganisms tha t  
affect t h e  dynamics of most insect popuia- 
tions. the  ex:>ertise required to identify them 
often precluded their identification so tha t  
insect mortality has simply been listed as 



"tfiseased." S o w ,  Ilnwever, sevtaral fzrctors, 
re!;itively new to forest insect programs, 
necessit:tte more precjse evaluation of dis- 
e;tsed sl)cc~inlcr~s. These a re :  (1  ) t h e  ilsc of 
~);ttllopens ;IS I);~cte~'iocicies ; ( 2 )  the  necessity 
of controll i~rr  disease in I~ t l~osa to rg  Illsect 
color1 ies, p;ll.t ici~larly in niass-rearing p1.o- 

pr;lnls : : ~ n d  ( 3 )  :in inel.e:\sed en?ph:lsis t.o 
iilenti f y  the  f:tctol.s t11:tt repu1:lte irisect 1)ol~u- 
Iiitiorls (pest nnct ] ) i ~ r ; ~ ~ i t ~ ) .  

T h e  Nol t l~eas te~.n  Forest Insect Work Con- 
ference was initiated in 1968 21s ;in outgrowth 
of t h e  Northeastel.n Fol-est Pest CounciI. I t  
is an unstructu~'ed organization, with no 
oficel-s o r  tre;tsi~ry. Resl)onsil)ility for or- 
ganizing car11 coilfcrcnce lSotates between 
fedelqnl. ut~iversi ty,  ; ~ n d  Canadi:in sponsors;  
the  ~.esl>onsil)ility in  st i.ic.tly vo l~~ t i t a ry .  4 t -  
tend:.tnr.e is usually hetween 50 and  G O ;  in 
197.5, we had :.11)11roxim;itely $0. 

lV11y t h e  1;irge tttte~id:.ince'.' I think it may 
be rcl;\ted, i l l  ;in ; t I ) ~ t r i i ~ t  \v:L~. tn two  of t h e  
nli~itt works1101) tol~icn: k;til.on.lones ;tnd t.lre 
X ~ ~ S Y  1110tl1 RI)&:.A l , ~ ( j ~ ~ i ~ I n .  w(.)13d k:ii- 
romone is iiesived fro111 the  Gl.ec!k word 
"k:tiros," w11ic.h denotes the senses of op- 
p!)rtur\jstic itnd exl~loitati.ire. A ktiiromone 
is a 1jellavior;il ci~emical ut,ilizcd in bene- 
ficial way 1)y the  ~.eceiver, u s ~ ~ : ~ l l y  a t  tile ex- 
pense of the  emitter. K;tiro~noties mediate 
the  1,ositive l5esl)onses of p~*ed:itors to  the i r  
prey, herbivores to their  food plants, and 
13ar;isites to ti~eil. hosts. 1. suxjiest t ha t  t,he 
gypsy moth 1)rogl';trn fits t h e  role of t h e  
emi t t e r ;  emitting ways :ind especially meil!ls 
($ )  for solving ,r; 1-iiriety of economic and 
sociu! ;~~.ol)Ienis directly related t o  t h e  scourxe 
of the  nc-)~.the;tste~-n vrvoodl:i~~ds, tile gypsy 
n?otll. 

Tile I I Y ~ ~ I - ; I I I I  stimitiateil ;i ~xlxiti\-e re- 
xponsib. in i l l1  o])l)ot.t~~~listic. nensr., tn tlisc.uss 
t . l~e  \n.;iys ;111d mtJ:tns of s o l v i n ~  111-olderns. 
The \vr.oi.l~sl~c.rl) ~~;t!ticil.t;ir~ts ~.ec:.eiveti tile rnes- 
sage  tirid ~.es])onded accoi.ding1y. I11 some 
cases. i t  seems. the  message and sesponse W N S  

ins!;lnt:ineous, I e n ~ i n g  little t l n r ~  for  :idvance 
com~ilul~ic;ctiori with the  host. Considering 
the  c1.1ecks altc! b:tlances built it!to the  pro- 
gl-itni. we ()ail1 esl)ect; the emitter ,  in th is  case, 
to g i~ in  a s  niuc:l1 as is expended ; the adaptive 
ad\;rtnt:tze is oh\.ious. 

Our spexke1.s :tnd workshop leaders re- 
sl)o?lded to t h e  ltrol)!ems and  kept the  com- 
nrur~ication open and rurtrtinn smoothly. 11) 
~:tt*ticul:t1*. 0111. t l ~ i i l l k ~  ro to  Charlie Farencia 
f t ~ r  the last mittute pinch-hi t t ing a s  tile lead- 
ofT sl)e;ike).. His 11;cl)er on t h e  "RD&A in tlie 
Roll ti'eevil Pest M;~n:tgement Program" 
stiniulated our  thinking ahout  the  present 
concepts nf  fot.r:st inswt  Rl)&A programs 
ttnd whitt nliyilt be expected once the  wiiys 
and rne:*ns f o ~ .  :!cc:on.Iis~ig the  application 
phase a r e  decided upon. 

We had t w o  otlier excellent invitational 
1):tpers: " I i a i ~ ~ o r ~ o n e s  and theii' Role in I-'est 
;LTan:ir~cment" hy \V. ,J. T,ewis. Southern 
(;rilins Insect ILese:t~.cl! Laboratory, Tifton, 
('leorgia; and  ''('l)rpsy Blot11 R e s ~ a ~ % c h ,  1)e- 
vt~lol~rriertt : ~ r ~ d  Al.,l,lic.atiorli: Pr.o~r:trn : Struc- 
tt11.c. Ol)jc.ctives, ;tnd Ilirection" t q r  Thomas 
;\I(# I ntgt.e. (;ypsg ,\'loth Pl'ogram it l i~nager,  
I-Iy;ittsville, Jlii~~.yl;ind. 

The \vo~ltslrops were orwanized and chaired 
11y I11.s. Ma]-jc~rie Hoy (Z'arasite Evaluation 
kind M:t~~:tgernent). JoIin Podgw:iite (Patho- 
gens. Field arid I,nborato,y), Robert Wil- 
son ( S ~ ~ m ~ ) I i n g ) .  Gerry Lanier (Rehavior 
Nediitting CC:hernic;lls), and David I,eonard 
(()])en Sessic~n).  Xiatlly Shields did a super  
joi) organizing a "Demonstr:+tiori of Eqrrip- 
111e1it ;inti Teclin~ic)ucs" session and in addition 
urorked on the Conference Conunittee with 
f?c?r.t (:otiwin. K:ithg Mcltlanus, and myself. 
O i l y  thanks t.o :111 the  others w i ~ o  inade t h e  
C'nr!fesel!ce po-.-..l)a~.tict~I:il*ly t f ~ e  ~~;irticip:ints! 

Sr1cc.c:~~ of i t  \.vt)~*ksl~op nlust  ultin1:'itely b e  
ev:t!u;it.eti I>y e:icii ~xiri iciplnt .  As organizers 
we choose to  m e  \.t?~1.)::11 l):~sticjl>atiori :.is an 
intlcz of success -- itnd the re  was plenty of 
t!!at I 



bp C .  R. PARENCIA. JR., National. Prngram Staff. Plant and 
Er~tomological Sciences, Agriczilturul Resfarch Service, U.S. 
Departmertt of Agriculture. Reltsville. Md. 20705. 

ABSTRACT, The Pilot Boll 'CVeevil Eradication Experiment was 
conducted cooperatively with 16 federal, state, and cotton-industry 
agencies from July 1971 to August 1973. Population-suppression 
components were late-season insecticide treatments, cultural prac- 
tices, pheronlone traps. insecticide treatment when plants began 
to square. in-season insecticide treatments. and release of sexually 
sterile nlale boll weevils. After studying the data on completion 
of the Experiment. the  Technical Guidance Comniittee concluded 
"that it is technically and operationally feasible to eliminate the 
boll weevil as an economic pest in the United States by use of 
ecologically acceptable technirlnes". 

THE 801.1. \VEEVII., AnRnt~o~ ,nr r  oran- 
dis, Eoi.~em:tn, was described in 1813 by 

Hoheman f r o n ~  s1)ecimens received from Vera 
Crnz, hirxico. 'I'llc first repc~rt  of tll e occSur- 
rence of the  t,oll weevil in the  IJnited Stat.es 
was rweivetl by tile Department of Agricul- 
ture  in t h e  fa11 of I894 from Rrownsville, 
Texas, C. 11. T. Towrlsentl of t h e  Division of 
Entomology, sent  to Texzzs. found tlrktt sev- 
er;i1 rountics were iufestcd and t h a t  serious 
ci:in~:tgta hiid 1)caen c:irrsed by t h e  pest since 
1892. I t  is r~ot tlie I)uaSpose of this  disc.ussion 
to  give t h e  1,ist.or.y of tile spread of the  boll 
.ir.c!evil in th is  country, b a t  conlnlcnts relating 
to ear.1.v rcst!arc.lr wem to  he ili order. 

Townne~ld's rcl)ort itbout t l ~ t b  ;~~.tl;t iufcst.c.d 
iittri the life Ilistory R I I ~  h:tbits of tile boll 
rvetxvli w;is ~)ut~lisl,tc!d in March 1895 in IN- 
SECT I,IFE. IIe rectrrlln~erlded in his report 
tllnt cotton st:;lks be destroyed to  kill over- 
wintering weevils and t h a t  a non-cotton zone 
be est;~l:rlished to  prevent fur ther  spread of 
the pest. The Department of Agriculture 
re;rorted the  seriousness of t h e  pest t o  the 
Governor- of Texas and  urged imn~ediate 
1egisl:ttion to  permit  quarantines and re- 
medial w o ~ l i .  

I3.v 1895 the  boll weevil had spl-ead as f ~ z r  
normtii as S:in Anl,onio and a s  far wrst as 
\Vharrtc!. I'cx;as; :i!ld 1898 was :u~  especially 
brrti year f o r  boll tsfecvjls. Tile Lt.gisIiltu~e of 
Texas therefore mac.ie at1 al)prop~iation for 
research l a ~ ~ d  ;lppoirited a state enlorno!ogist 
t o  intYestigate means of control. The work on 

the  \loll weevil hy t h e  I.)ivision of Entomology 
of the  1)el)artmcnt of Agriculture was there- 
fore disr.ontinucd at thc  crid of  tirat season. 

Nevel.theless. ttie boll wccvil continuecl tc, 
spreiid ; :ind it was  not long--1 901--before 
o ther  s ta tes  were thre:~ter~uct with invasion. 
Congress therefore made a special ;ipproptTi:i- 
tion to support  researcll designed to dis- 
c v e r  :L rrleiirrs of prcvcntillg fu r the r  spread. 
The  rc!st~lt,ing 1)rogr;lrn was directed by Mr. D. 
I- iuntw. I n  1908. XXt~flft!r cif?:~.~o~~strated t h e  
cr.~lt\tr:d nrethods of contl.olling the  boll weevil 
t11:tt hrid heerl dc.\lelopeti by and were recom- 
mended hy t h e  Division of Entomoloay on 
eiglit cooperating farms. These farm (fernon- 
striitions developed into the  F;trmers' Co- 
opel.:ttive Demoilstrations of  t h e  &ure;iu o l  
1'12111t Tndust1.y and  1:iter into the  present 
Extension Service of the  Dep~irtment.  

A laborittory was established a t  Victoria. 
Texas. in 1902. This  \r.ork was moved to  
Dallas, Texas, in 1905 and from Dallas to  
T;tl!ulah. I,ouisiana, in 1909. There  it re- 
m:ilned until 30 J u n e  1973. 

The  development, of materials capable of 
controlling t h e  boll weevil is of considerable 
interest ,  hut time does not permit  more than 
a brief discussion here. Par is  g!-een w a s  
tested in  1886, but  i t  \\':is not :in t?fTective 
nlaterial. In 't!!08. ]elit1 iirsentitc was fornlu- 
luted ns a dus t  i\r\(T at first: seenzed a pron~is-  
ing s\~pplement to  crlltu~-al methods of 
cont~.crllirrg t h e  boll weevil. However, results 
were erratic. and t h e  method was not recorrz- 



mended by the  Bureau nor used extensively 
hy growers. 

BseakBhrough 
The first breakthrough came when the  then 

new insecticide, calcium arsenate, was used in 
field tests  ag:~inst the  boll weevil in 1016. 
Although problems with formulation were 
encountered, sufficient progress had been 
made by 1921 so t h a t  the  materl;tl was tested 
in several sections of the Cotton Belt by 
Tallillall Laboratory personnel. Machines for  
agplying the materittl were developed :it the  
same time. 

The next step in boll weevil control was t h e  
application of cttlciurn arseni~te dust  from air- 
planes. The use of airplanes was suggested 
by tlie success t h e  Ohio Agricultural Experi- 
ment Station achieved with aerial :~pplica- 
tiorls of lead arscnate for control of cat.;llpa 
spllinx, Cct.rtto~,iicr cr!tr.ri/~trre (Roisttuval) , in 
1921. IIowever, t h e  first sucli efforts against 
cotton insects were made a ~ a i n s t  tile cotton 
leafworln, Alnbrrrrrci c o ~ ~ ~ i l l t r c . c ~ c t  ( FIiitiner ) , in 
1922. Tliereafter, this  method of :ipl~licntion 
rapidly became widesl)~eitd, and cc)mmerci:tl 
comg;rnies soon n~:Lintaineti fleets of airpl:rnes 
fo r  use i n  controlling the boll wcevil and tlie 
cotton leafworm. 

Calcium arsenate dust and its apl)lication 
via aircraft  was a major breakthrough in 
boll weevil control, but the insecticide was 
never widelv accepted bec:iiuse its use often 
caused the develapn~ent of infcsttltions of the  
cotton nl)hid, Aphis go.vs?/;~ii (Clover).  This 
pest, if u~lcontrolled, would cause d;tmage 
sufficient to offset, any benefits obtained by 
controlling the  boll weevil. Nicotine sulfate 
w a s  rleveloped ns 1111 :~l~hicide,  but it was 
difficult i ~ n d  unplcz~sant to for'mu!at.c and 
;tl)l)ly: a n d  it never gained wide acceptarlce. 

The r~ext nliijor t1re;lktli1.0~~11 was the  de- 
velol~mcnt n f  orgallochlorine insecticides. 
lioxvever, the  first of them, DDT, did not con- 
trol t he  1)oIl weevil. Only when EHC, toxa- 
~ h c n e ,  nidrin. dieldrin, zind l~ept i~chlor  were 
developed did the  growers have more ef- 
f ic ient  insecticides tila11 c.:ilcit~nl ztrsenate. 
\Vt!en these effcc:t,i\.e miltct*ii~is uc1.e mixed 
with TJTl'I', the  mlstulse cor~t!.olled hoth the  
boi1wol.111. Hvlinth  i s  zl'rl (Eodrlie) , ; i r d  t he  

boll weevil; and payathiom could be used as 
a n  aphicide wlier~ needed. Thus, once law- 
pressure low-voiume sin-nys had been devel- 
oped, glqowers :m(i researc!~ers felt tha t  the  
aituatic.rri was well in liand. 

Era of Apprehension 
TJnfortunutely, the era of control with or- 

ganocl~lorine insecticides was sllort-lived. By 
t h e  mid-1950s the holl wcevil had developed 
resistance. IIowever, in tlre rnezintime, methyl 
paratllion. and later azinphosmuthyl, were de- 
velol7ed for control of the  boll weevil. 

The t,hre:\t of resistance therefore created 
a n  era of al)prehension. Spokesmen for the  
cotton producers repeatedly emptiasizcd tha t  
t l ~ c  sui.vivnl of the industry dependect on 
:rdecluate researcl-r designed to strengthen t h e  
:~l)ility of 1i.S. l~roducers to cornl~ete fo r  rnar- 
lcets. Leading scientists and spokesmen for  
inrlustry tigreed tl1;lt the presence of the  boll 
weevil i n  cotton-proil~rcing ai'ens posed a 
!n;ijoln and costly l)rol.)lem for. the cotton in- 
ciustrp and t!~:rt researcli support was a n  
urgent need. As a result, in the Agricultural 
Ap1)ropri:ition Report for fiscal-year 1959, 
both the Fluuse and Senate Agriculture Com- 
mittees requested the Secretary of Agricul- 
ture  to  review the holl weevil problem and 
submit ;i report on research a r ~ d  facility 
needs. 

The Ofice of the Secretxry appointed a 
working grout) consisting of E. B. McCovran 
of tile Coopersitive State Research Service, 
T.'SI24 ; $1. G. Johnston of the  National Cotton 
I.'ounc.il of America; arid E. F. Kriipling 
(cl~ai~*m:in) and C. R. Ptirenci;t (secretary), 
both of Agi~ic~ltu1~;il Reseal.ch Service. IJSDA, 
to study t h e  problem and to  ( 1 )  (leve!op in- 
forlnntion on ~ i v r e n t  resc:trch prog~arns  cie- 
voted to 'iioll weevil investigations by state,  
ferltir:~l. ;\nd 1.rris;cte jl1~1iistry: ( 2 )  determine 
tllc ncc!rls for an OYCYRII ~ 'on~j)rcI~ensive re- 
se:lr(:h program ; and (3)  detc~rnine the  broad 
areas of ~.esearch that  wouitl he appropriate 
for federttl attention and supl~ort  in an effort 
t o  !lelp meet the  ove~all  needs. 

T1.1e \Vot.lting Grour~ on Eoll Weevil Re- 
sc;ti8Pli I'~.ogt*iirns made its study und suhmit- 
ttttl its ~'c!l)ot't dated 30 X)i.vemt)tir 1958. The  
stutiy colrn i iix!.etl i n  lhc  ;i.jq!rol~riat,ion of 



funds by Congress for the  establishn~ent of 
the Roll \Vccvil Rrsctirch 1,:il)or:itol.y :it State 
College (now llississil)r~i St:~te). Mississippi, 
 nil the strengtlieiririg of ongoing rese:irch 
progranls at t he  Cotton Insect ILesearc).~ 
Lai)oratories at College Station, Texts ; Eaton 
Rouge. Lonisiall>i : and Florentre, South Care- 
litla. Tlie rlerv r.esc:i~*clr facility at  Xlississil.~l~i 
State was dedir;~tc.d in :t forr~1~1 ( a e r ( L n ~ ~ ~ ~ ~ y  in 
.\I:~rcl~ 1962. Eescarch on the  tmll weevil \vas 
simult:~nr~ousIy s t r~~~kr t l lened i n  st.ver.~il of 
the state ir,cric.ult~rr:~l cst)t!rirnrlrt s1:ttions. 

Sijinific.:\nt rrsc;irc!i fintliz~gs resulting from 
t h e  espc(1itcd ri~se:rrc..l~ on tlie k)oll tiveer-il 
were: (1 ) T e c l ~ n i c r ~ ~ ~ ~ s  for ~ ~ ~ i i ~ ~ - r e i \ ~ i l l g  tlw 
tbull weevil ; ( 2 )  devt1lol)nlent of i l ~ t .  reprod\~r.- 
tion-diapaost! control I)rogr:Lrn; (3 )  deve1ul)- 
ment of ultra-ltru-vc~l~~r~i(t sI)r*:Ly al~r~11ic;tticrris 
of i!isecktlcides ; ( . I )  develolv?lcnt of the sys- 
temic insecticide, ii1dic:~b. that  cor~t.rols ttlt: 
boll weevil; (5) fintling that  the male boll 
weevil emits a gllerc)mone tliat attracts fe- 
lnales and also acts a s  an ziggrerrant: (6) 
identification and syntl>esis of the at tractant ,  
grandiurt~, and develolrment of traps haitrd 
with it for c a p t u r i ~ ~ g  I)oll weevils ; (7) 11rog- 
ress in drvc4opn1rnt of ti ck~emoc;terilsnt mnk- 
ing the nrale-sterile release tect~nirluc ftwiit,le ; 
(8 )  use of trap crrq~s i rwted  with aldicnrb 
in furrcnv ;inti :is a sidedressing tcipetller wit11 
~nandlurcl hait in rt~clucing ovcrwi tltrhri,d boll 
weevil ~>o~~ul:ktions: :mc! (9) 10r.ogrcss in the 
d ~ ~ l o p r r ~ e r l t  of :r frc~go t1r:tct cottc)t~ wit11 
considerable resistiirlce to the  t ~ l l  weevil. 

In revognition of t i l e  in111ortarlr.r itrld 11s- 
gerrc!y at elirnirtating the lboll weevil problcln 
as soon as it \!ec;ime tec:hnic.:iIl.v and opcr:t- 
tionally feasikjle. the National C,otton Council 
of Americ:~ in its 1969 annu:rl meeting est.nlb- 
listted zl Specittl Study Comtnittee on Eoll 
Weevil Eradication. 'rile Special Study Corn- 
mittee met in Memphis, Tennessee, on 6 May 
1969 to review the status of current krrorvl- 
edge o!~ boll weevii sul)l)~ession n.re:tsurcs and 
t.0 consider actions that shoulct be take11 in 
efforts tow:lrd !I:P elin?in:.itjoi~ of the boll 
weevil as a pest of ci>tto~:. The cl~:tirn~;cn of 
the Special Ptndy Committee e!q?oirited a 
srf~xur!rmittee to select are;l,s rei.~reser~t;iti\-e 
of hll wrevij conditions II? t h e  southei~sterri, 
soothern, and sout.frwestern areas of the  Cot- 

tern Eelt that \'iould be suitable f o ~  under- 
t.aliing l:~r.ge..sf:;tlc exl)cl.irnents to determine 
i f  l,)nli \v(*cvjl o.;triic.;rtir.)n was fe;tsit)l~ xith 
c~l~rrer~t,l?; ;~vail:\l~lc. su1)l)rtssion teclrniclues. 
T l ~ c  suI)rorn~?~itt,cc nr:idt its stuc1.s anti ]?re- 
l~ared :t re11ol.t: d:tted 15 August lO(i3, which 
ti.:is ].>l.tsc~!iterl to  t l ~ e  Xlrcci:11 Study Commit- 
t t v  oti tk.>ll JVtvvil F:r;~dication in BIempt~is. 
"Tcr~r~cast~c~, OII  I!) Set)temher 1969. I t  recom- 
~?lenrl(!ti t11i1t :I pilot I-,ol! weevil cradivntion 
espc~,imelit Ire c.orid~~ctf~rl t)egint~ing in calen- 
~ : I Y  ywir l!)*iO I11 :wea centctrcrI i n  Soutl~rrn 
hlisaissilq~i :trld incluriir~g :tdj:iet.nt cottoll 
arc::rs in :ll;~t);~nl:~ iuld 1,orrisi:lna. 

Experiment Financed 
The Slrecial Studs C'ommittee accegted the 

rec.ommc~nrI;~tio~~s of t h e  snk)ctrrnrnittee, and 
its ~r l~~cts t~nt : ' i t i~e: :  met with Dt?p:u.trner~t of 
A~r icu l tu rc  ofliici:~ls to discuss ways of fin;tnc- 
ing the  cx1,r~rimcnt. A decision was miide 
tlwt tilt* ~,l.ojct.t worll(l lw fifi:inced by $1 mil- 
lio11 frc-lni AILS (l:~tcr with APTITS), $500,000 
from CSItS. and $500,000 from industrv, Cot- 
ton Inc~o~.l)o~.ntcd. for tt:tch of 2 years. Missis- 
sippi w m  t o  ~rl0nvidc a re:iring facility. After 
:I tlct;lilcd study of then area uP:ls made, the 
cstirni~ted Post of the expe~~imerrt was $2.5 
nllllic~tl. Sl~lc.e only $2 million was available, 
the cslrc~~intcnt was delayed for a year or 
until tilo necrlcd iidditional funds could be 
o\>t:tined. 1Ioweve1.. in 1971 the new cotton 
Ix.ogr;!m resulted in ;i considerable reduction 
i n  t l ~ c  cotton :tr3r.tbage to be planted, making 
it ~)ossiblr* to st:rl't: t he  experiment with avaji- 
;rl)lp ftlnds. The. d i r ~ c t o r  of  science :in8 
educ:ition alq~ointed a technic:tl guidance com- 
mittee for the pilot boll wec?vil criidicaiion 
espel'imcnt. 

The espcrimenl got uncler way in Julv 
1971. It was co~~duc ted  cooper:ttively with 
tlie dep:!rtn>ents of agriculture, experiment 
stittions, and extension se!.vices of Missis- 
sippi, L,ouisiana, A1abnn:a. and Texas; with 
(:'ntton Inc.ol~l)orated and the Ntitiona! Cotton 
Council ~.c~l~r.escntjng the industry ; 2nd wi th  
T'SI)A's A1311 IS. A 1:s. CSIIS, ASCS, :tnd ES. 

Ttiti ~.iq>~'clriuc.t ic ,~!-(-t i i~p;~t~s~ phase of the CX- 

i)c!~'in~tlrlt was ca~.rjcd o u t  i r :  the fa!! of 1971. 
vnfol. t~~n;i tcfy holl weevil populations were 
ver.y I!e;iv)-: and as a result of the  n~jId 



winter, survival of boll weevils was high. A 
t r ap  crop treated with aldicarb was planted 
in each field in the e~adiciltion and first buf- 
fer  areas, and p!ier.omone traps a t  t h e  ra te  of 
two per acre were placed around each field in 
1972. An insecticide application was made 
when plants began to square. A period of dry 
weather resulted in late emergence of weevils 
from hibernation sites, leaving too many aee-  
vils in t h e  fields for the  sterile-male releases 
to be effective. Five in-season applications 
of azinphosmethyl were made. fallowed with 
13 applications for reproduction-diapause con- 
trol. Ry Qctoher adults were too scarce to k 
detected. Pheromone trap ca tc l~es  in the  
spring of 1973 indicated very low surviving 
1,opulations in tlie eradication and first buffer 
areas. Release of sterile males began in early 
,June, hu t  rearing problcms n ~ a d e  i t  necessary 
to reduce releases to 50 per acre instead of 
the  hoped fu r  100 in the  eradication area and 
extending only 5 miles into the first buffer 
area. I t  was originally planned t h a t  both 
areas  receive 100 sterile males per acre per 
week. Fields wit11 infestations in thc  rcmain- 
irtg first buffer fields were to he treated with 
irisecticides. Only 33 of the 236 fields were 
found t o  be infested in the eradication area. 
and they were in the northern zones nearest 
t he  first buffer. Strong evidence indicated 
t h a t  t h e  problem was caused by migration 
from t h e  second buffer, where overwintering 
populations were considerably higher. The 
infcsted fields were treated a t  3-day intervals 
with azinphosmethyl. As a result of these 
t , r e a t m e ~ ~ t s ,  reproduction could not be de- 
tected in 32 of the 33 tields a t  the  end of t h e  
experiment. The infestation in t h e  one field 
was not detected until the last week of the  
experinwnt, so insufficient tirne did not per- 
mi t  t h e  total elimination of reproduction in it. 

The  experiment was terminated on 10 Au- 
gust 1973. The Technical Guidance Committee 

me t  on 30 Ailgust to eveluate results obkined 
in t h e  experiment. After strldying t h e  data, 
it concluded ". . . tha t  i t  is technically and 
operationally feasible to eliminate the  boll 
weevii a s  a n  economic pest in the  United 
Sta tes  by tlie use of techniques tha t  a r e  
ecologically acceptable". 

The National Cotton Council's Special 
Study Committee for Roll Weevil Eradication 
me t  in Memphis, Tennessee, on 10 January  
1972 to review the  progress and s ta tus  of the 
experiment. The Committee expressed a need 
f o r  a coml~rehensive eradication plan tha t  
would out.line areas for initiation and sub- 
sequent target zones, timetables, probable 
costs, progytim rcqnirements, operational ar- 
rangements, and the  like. The chairman a p  
pointed a teclinical committee to develop a 
plan for averail boll weevil eradication. 

Though two preliminary meetings were 
lleld in November 1972 and early January  
1973, the work of the Committee did not gain 
inlpettls until results of the  experiment be- 
came available a t  the end of August. An 
overall Plan far a National Program to  Elim- 
inate the Boll Weevil from t h e  United Sta tes  
was presented by the technical committee to 
t h e  Special Study Committee on 4 December 
1973. I t  was accepted and in turn  was pre- 
sented to the  Secretary of Agriculture on 12 
December. In the  Agricultural Act of 1973 
t h e  Secretary had been instructed to  carry  
out  elimination programs for  t h e  boll weevil, 
pink bollworm and other cotton insects if he 
determined that  i t  was feasible to  do so. The  
climin:ation !>Ian becxrrie quite controversial 
in the scientific community for  various rea- 
sons. Finally, an  agreen~ent  was reached t o  
conduct an  er:ictication trial on some 100,000 
acres in nortilenstern North Carolina and 
Virginia. The Delxi~trnent supports t h e  trial, 
hut  it was not funded for fiscal-year 1976. 



MAIWOMBNES AND THEIR ROLE IN1 BEST MANAGEMENT 

bg W. J. LEWIS. I1ICH;'IItD Id. JONES, DONAI.1) A. NORDLUND, 
and It[. K. GROSS. JR.. Sol~tk.crn Grail1 Insects Research Laboratory. 
USDA Agticulturcll Reseorc:h Service. Tifton. Ga. 31794. 

ABSTRACT. Chemical cucs emanating from the host insects and 
acting by thetr~selves or together with host-plant components 
appear to be the key factors governing host-location by parasites. 
A summary-ana!ysis of the studies of these kaironiones, their 
involvement in the hc'havior sequerrce of host selection by parasites. 
and the basis for their potential employnlent in pest nianagement 
are presented. 

MASY I N Y R S T I C A T I O N S .  I~epinning 
with ;ill ot~t;er\~;itior~ tly Tliarpe :in(! Jones 

( I0 . :7 ' ) .  flnvct demonstrated that  tile. 1)eEl:ivior 
of parasitic insec4.s is influerlced in various 
w;iys I)y chemic:lls 1,roduced by their host,s. 
One of t h e  most irlteresting ~ ~ s p e c t s  of the 
behavior of p;ti.nsites and the major deter- 
minant of their efficiency as  :I control agent 
are  the? behavioral patterns involved in host 
select.ion. 

Siilt ( l ! te l ; : ) ,  F1:tadcrs f 1!?:;3 1 ,  :rnd Doutt 
(19:i!l J sclr:~nilt'il Ilost selert.iorr by pnrasites 
illto csser~tiiilly four eonsrcilf ivc processes. 
Ttl~sc  stc!ps :ire: host-habitat finding, host 
fincling. host nccept:anc.ir, :tnd host suitability. 
Our disc\.~ssion will deal primarily wit11 the 
first two stc?ps of this process, which we will 
c!onsictcr rollectively ;Is host Inc:~tion, 

I!\ tho studies of entomopil:rgous irisects a t  
our I:ii)o~.:ktnry during the last few years, we 
have ~~li~r tcd it great deal of emp11;isis on 
kairomones. [Kairon~ones are  chcntica! ntes- 
sengers reIi?ased by an individual of  one 
species that  induce n behavior:il or  physio- 
logical response in an individual of another 
species that  derives adaptive benefit (Broran 
et rrl. 3 9 7 0 ) f .  

The purpose of this  presentation is to sum- 
marize these studies and then to an:ilyze their 
overall meaning. 

Deamosas$ra+isaa and Descriptiasn af 
Rerpanse #@ Kaissna@nes 

The injti:tl st~adies i~~volved the  bracotlid, 
Afwrr~pl i l is  crocttipr)s {Cresson), an impor- 
tans paraslte of tile larval stage of the corn 

enrwc1l.m. M~1,iothi .v  ,-r'(r (Boddie) (Li~wis ctnd 
.Tonvs 107 1 ). The oviposit in% female para- 
sites use fecal a r ~ d  (ither fr:i,ss nx~terixl voided 
by the hosts as n mediator for fintlitlg the  
hovt Int.v:~e. Cc!trtiict with the frass results 
in :,in intensive host-seeking response itlvolv- 
in.y :i thorough esitrnirr:ition of the surrountl- 
ing substr:ttum with their :ultennae in search 
uf a host. 

The minute trichograrnmatid parasites of 
lepidopteran eggs, Trichogr.nnzrna spp., were 
founci t o  orient to chemicals left by moths 
during ovipnsition. Sjilt (19.J;;) and I,,aing 
(1.(1.17) reported th;it size, shape, and color 
of eggs were criteria used by ovi1)ositing 
fenxiles of T rich o!jr.ic,n?.r~~r~ cocrn cscens West- 
wood for selecting hosts. Salt (1935)  
ctemonstr;iteti th:lt host eggs have no ch:irac- 
teristic of themselves that  allows the parasite 
to fitntf them from a. distance wid that sight o f  
the egKs (2-3 nlm) was the  method of percep- 
tion. However, I,aing / 19.27) demonstrated 
that  parasites did perceive an  odor left by 
the adult moth. Our studies hare  demon- 
strated tha t  the  Trichog~nnlma do respond 
to k:-~iromones from the moths and that  these 
kairomones are very important parts of host 
location by females of T. eztnntscens (Lc?i:is 
et CLI 1 9 7 l l .  

Has+ Specks 
P;ir:rsitcs usually exhihit an :itt;tck prefer- 

ence for  o ~ l e  host species over another when 
more than one potential host species is avail- 
able. The response of M. erocaipes females 



to larval feces df various lepidopteran species 
was evaluated ( L r ~ r i s  iind Jone.s 1971) .  In- 
tense responses compiirable to  those from N. 

' i  Te8- zc,tc were elicited by feces of lieliothis i ' 

cens (F.) . Ei~ldothis t:ir,c,scc~ns is a frequent 
host for  this parasite. Definite hut consid- 
erably weaker responses were elicited hy 
feces 21-om 1:~rvae of the  fall armyworm, 
Spociol~tvrtr frzsyil~c,,~.dn (J. E. Smith) : t he  
beet armyworm, S. c,+iytccc (Iliibner) ; and 
the  cabbage looper. Trichopl~csin n i  (E-Iub- 
ner)  ; all three of which M. rroccipts will 
st ing,  but on which development does not oc- 
cur. No response was obt:rined t o  feces of the  
:iimond moth. Crtdrtr r n t ~ f r ~ l l n  (Walker) or the  
IndEnn meal moth, Plodirr intc,r.pnnctr~!ln 
(Hiibner) ,  neither of which is stung by fe- 
males of M. croc~,ipr;s.  

Ashley et  ;I!. ( 1 3 7 4 )  demcmstrated in field- 
rage  stucties tha t  T,.icho</~-rcm)tzn 1)~rtiosltm 
Riley h:td :i constant preference for  W. z(>n 
eggs over 7'. ??i eggs, in tha t  higher riunibcr.~ 
of If, rsct eggs were ~?arasitized, even when 
T. ni egxs were more a l~undant .  \Vc con- 
ducted studies t.o determine the  role of kairo- 
mones in determining this l l i ~ h e r  attack of 
ti. zect, and found that  this  s t ra in  of para- 
sites was more efficient a t  finding eggs as- 
sociated with kairomones of H. xerc moths 
than moths of T, ni. 

Chemistry of Hairomones '. 
A few of the  chemical mediators involved 

in hcat sctlectiol~ by g:lrasitoids have been 
Identified and w e  summiirized in table 1. 
The cllemicals iri the frnas of H .  zrn respon- 
sible f o r  the llost-seeking resl)onse l>reviously 
described for illicr.oplitis rvoct,ilr(,s were 
identified b y  Jones et  nl. (197'1 l .  The active 
vompv~~ents.  extracted from the frnss of the  
l~ost  larv:~e we1.e R n?ist.ure of 7 ,  9, 11, 13, 
and 1.5 methyll~entl . i~tcor~ti i~~es.  The mass 
spectl.um inrlicnted the  13-methyl isomers as 
t,he most :tbundant. Synthesis and bioassays 
of the 1)ossil)le isomers showed that  t h e  13- 
methyll~e1~triac011t:ine was the  most active 
component. Fern:iles of M. croccif)c,s respnnd 
to as little 11s 50 np of this compound, but 
150 ng is ~.ecluircd f o ~  consistent and strong 
~esponses. 

Similar chemicals lisive k~eett identified as 
the Ilout-seol<ing stinlulants for  Cu~diochi las  
11 i!lric'c,/~s Yiereclc (i' i~rson of  ( 1 1 .  1973) .  The 
itctive cheinicals :ire the mo~lo-metl~yl hentri- 
ncollt:ines, dotriacont:~ncs, :ind tritriaeon- 
times. The most active met i~yl  position was 
11 for hentriacontane, 16 fo r  dotriacontane, 
and 13 f o r  triasontane. Ogtimurn activity 
was obtained with a 50-ng mixture of these 
three compounds. 

E.icndry e t  al. (197.31 identified the  host- 

Table I.-Chemicals identified or kairamones of porurific insects 
.,... -- 

Parasite Host Type of sti~nulus 
( r e f e r  to fig. I )  Chemical Source Reference 

--.--- .- " --" -.-..- . . 
it1 ficropl,itis Ncliotk is z r ) ! ~  S a 13-methylhentriacontane Liernol>mph, Jones ct al. 

crocctpes cuticle, frass (1971) 
('c~rdiockiles N(al~othis 5.4 and S t  11-methylhentriacorit:ine 3Ianditrular gland Vir~son et al. 

n i y n c r p  !,1r<'.sc('n.s 16-methyldotriacnntm (1975) 
I!<-mc~thyltriactintarlr 

O:.ni!lcs lcpidzts I'l!.tltorintncn S.; or SI Fit.r)ta:roic acid Xlanc!lbular gland ki+ndry et ai. 
O ~ ) C ~ C I ~ [ ( ' ~ ~ ~ L  c 1 9 x 1  

Triclioy r u ~ r ~ n t a  Ilrliothis x u  Sn Tricosan, FIomolyrnph Jones ei al. 
1'1*(1 ncscens adu!t cuticle (1.972) 

..I rcll~tns IIc>liotli is zca Sr. Protein Fccer, ht~nx~lynjph Stittle:, 
)??armo rntzis ( l l ! r J )  

t'ent!iria 21 nrcgclsttr. Si; tTnknown Mar~dii-iular gland Corhet 
cnntZsccns X-cct.A~ti(~Ila (1971)  
(Gravenharst) (Zeller) 

Itoplectis G(11tcria Si; Amino acids ?Yeinolyrnph .4rthur et al. 
conq~iisitor lnr lloriella (L.)  (1072) 
(Say) Zlcdckar 4.i Art 

( I:l7:1) 
Cl~ril/~ncrcrtr.s ('orrtt.? S i I'rotein I!c!uoly!nl~h \Sc~sc.loh rPi H;ii 

nozius Iit*s~ic,ridrc7rc 1,. 4 l ! + y l  ) 
Compire 

,- .. .. .,. .- , . -. . . . --. . .. . . -- . . . . . -- .. - . .- . .- . . -- . . . . . , . . . . . .. . . ,. .." ,. . . . . . . . . . . . . .. ... . . . .. 



stimulant of Or.!lilrc~ 1rpid.ri.v Muse- 
beck, a pjlrasite of the  ~ o t a t r t  tuk)erworm, 
PhtRorit?zrrrtr rrpc~rctrlr~iln (Zell) , as hegtancbic 
acid. The pnrt~site itlso resltonds to hex;t~ioitr 
acid and to a much lesser extent to v;~le~'ic 
a r ~ d  octanoic acids. 

The kairomot~es for inducing search be- 
havior it) T,~icho~jt.trntrtlrr ( b t 5 n n r p ~ ~ t ' r ~ ~  weye 
deternlined by Jor?e,s et 211. / ll/r.'.:i. Thesr 
partrsites respond to docouane, tricosane. 
tetracos;inc. and pel~t:icosiine, ~(~nsti l l l t : l~fs of 
the sc;~les of its host motll. Tricosane, the 
most nctivta ronllbonerlt, ilicul.e;rses ~~;ir :~sil ism 
in petri disiies w11e1r used lit :i rate of 
6 pg/crn'. T13ic.os:tne effectively i11ere;tseti 
parasitism on live ~di in ts  in the greenhouse 
at 250 pg/cni2. 

The f:tct that these ellenlicals serve as 
kairomones is not their rtr ipon d'c't 1.c. 130~- 
ever. the ~ r i t i ~ i i r y  functions a f  :ill of them 
have not beer1 elucidated. The saturated 
hydrocarbons are  part: of the waxy layer of 
the cuticle and serve as n water barrier, pro- 
tecting the ir1sec.t from dcssic:ition. Their 
presence in t.he mandibrllnr gland is not as 
clear, but they ~)t*ob:ibly lubricate the in- 

gested food. They are ;~lso present in  the  
l~t?lnolyinl)li. l)~.ot)al.tly serving :IS p,'ecul'sors 
to 11e.i.: cuticle forn~:itiort ( ( ; i /b ir , t  I!il;7). 
S y ~ ~ t l ~ e s i s  prol~ahly c ~ c c u ~ s  iri the oet~ocytes 
( l t ' iggles ic,o~.th 1f)Wi. Their presence in 
f rass is, in  part at least, rn:inciibul;tr g1:irld 
excretion and exu\:i:i consurn1)tion. 

The :~mirko iivids twe, of rourse, romniorl 
irl1ernledi:tl.y t~ietaholites. and tile ~)l'oteins 
roi~I{i sclsvt: any of n Iitsgr, nuniticr of futlc- 
tio~is. Tlie n;rtul-e of the hegtanoic acid is 
ur~known. 

Manipulafion of Field Behavior 
I<airon~c)tle~; call be ~ised to mi~nipulate the  

fir!ld brh;tvior of Trichouvrct)r wet ILt,rclls r t  (ti. 
111721. A cornpiirison was made of the inci- 
del1r.e of 1):irnsit ism on tilternating kksiromone- 
trc:;iicd ; I ! I~  control 1c;cct.s in :I csottott field. 
I.,e;i\~cs were se!ected awl marked : ~ t  1.-font 
i n t  t?rvttls. F:verg ot11r1. n ~ a ~ k e d  leaf was 
sl.>raq.ed wit11 a Ilex:ure estntct  of H. ztw moth 
sc:iles wlrile the  Jterustinp; control leaves 
were spr:lged with plain hexane. T. tv-or!- 
t7xrr8ns adults were released throughout the  
plat. 011 ci~(~11 d:iy for 5 strbseqrtcnt days, cine 

Table 2.-Parasitism of C. cautella by T. evanescenr on coffon leaves sprayed 
wi th  hexane extract of moth scales and on coffon leaves for 5 days subsequent 
to freatmenf and release of pcrosites 
- . . . .  ...... --. .. .---.. .- 

Host eggs 
.... ... --, ......... ...................-.... ... ...... -- --- ---. 

I>a y r)ipsvrl;ruJ Held fo r  cit..i.elapmi.nt 
""A -- ... ..&.. ... .............................. ...---.-- . ,.,,.. 

treat- KO. with No, No.that KO. 
menta No. No. produced parasit? 

dissected ign2:Eh held parasite adults 
adultsh uroduced 

..-.-. ........... .-. . . ,- .... ..... ..... - . , - .... ,. -.... , ........ ...-- ...... . -- .. 
T ~ t r e a t c d ,  C-ct~ntrol. 
Treated and control total.; by co!umn, not fol!owed by the same letter are sip 
nificantig different at theh-percetzt level ns determined by paired t-test. 



host egg was placed on each of the marked 
leaves rind re-collected af ter  3 hours exposure. 
Some of the  eggs were dissected and the  
remainder were held to allow develol~rnent of 
the  parasites. The result w:rs tha t  :ipl~roxi- 
matelg twice a s  many of the eggs on the  
treated leaves were parasitized and produced 
about twice a s  many adults for each of the  
j days subsequent to treatment arid release 
(table 2 ) .  

Another field study was conducted to  de- 
termine the  effect of synthetic kairomone and 
to determine whether i t  could be used to in- 
cre:lse pari~sitization by natural Tricho- 
grctmmci (Lcjrcls et n l .  197.icr I .  The appraisal 
was made on crimson clover. Ten pairs of 
plots 10 x 10 feet were selerted,, anrl one plot 
of each pair was sprayed with tricosane a t  a 
rate of 1200 rng/acre. Then 7 5  eggs of W. zcw 
were placed in each plot and re-collected after  
2.1 hours exposure. The parasrtization, all 
due to  naturally-occu~rinp 7'1.ichogr.trntrncr 
spp., was  significantly higher in the  treated 
plots (13 percent) than in the  control plots 
( 4  l~e rcen t ) .  Positive results have been ob- 
tained with a s  little a s  150 mg/acre. Similar 
results were obtained against naturally de- 
posited eggs. 

Mechanisms Causing 
krararsifisa+ion 

increased 

Studies were made to elucidate the be- 
havioral modifications causing the  increased 
parasitization by Trichogrnrn m n  (Lolcis PG (11. 
1975bl. The kairomone serves a s  a sign stim- 
ulus to  activate a host-seeking behavior re- 
sulting in more efficient location of eggs in 
areas with the  kairomone. The kaironlone 
did not have the effect of art a t t rac t~tnt ,  nor 
did it ar res t  them only to the substrates pos- 
sessing the  kairomone. Tt~erefore, the limita- 
tiuns of confusion and disorientation (lid not 
occur. 

Also in the  plots having the appropriate 
kairomones with the  proper distribution, bet- 
te r  retention of the  parasites in the target  
area resulted from the  hnst-seeking behavior 
being continually reinforced. 

In addition, dhcrc ~ v a s  a better distribution 
of t h e  pir~.asite eggs among the host eggs 

(less duplication) in plots treated with kairo- 
nlones a s  compared to control plots. The 
pwsence of the  kailamone on the surround- 
ing 1,:n;it surfaces 1)robably irlducefi t he  ovi- 
positing fenlalcs to  depart more rapidly f rom 
host eggs that  they have stung and to go in 
search of otlier hosts. The absence of the  
kairomone from the surrounding suhstrrstum 
would result in the  wasps lingering on and 
rel)e:~tedly s t i n g i r ~ ~  each host that  i t  found. 

tnf erpre+af isn (of Was+-Lscafisn 
Sequence 

A d i a g r ; ~ n ~  of what we consider to lie the 
basic p:rth ways of host location arid selection 
is presented in figure 1. The solid lines show 
the  proce.;ses tha t  occur if t he  necessary 
stimuli are  provided a t  e:wh steil. The dotted 
lines show the alternative processes tha t  oc- 
cur  if the necessary stinlrili f o r  the subse- 
eluent step a r e  11ot present. This diagram is 
;L gener:~lization and i ~ ~ c i u d e s  the basic com- 
ponents. Additional substeps and nunor alter- 
~ ~ a t i v e  pathways are  i~~vo ived  and can be 
incorporated with the discussion of a n  in- 
dividual species. For a detailed discussion 
of this sequence, refer to  Lewis e t  al. 
( 1 9 7 5 b ) .  For  our purpose, presently we can 
say that  the host-selection process consists of 
a sequelice of behavior acts (fixed action 
patterns) each of which must be released by 
t h e  appropriate releasin% stimuli. An analy- 
sis of this sequence can he of great  import- 
ance in identifying key points for parasite 
rnanlpulution in pest-management programs. 

The T ,  and T,, transitions and the  associ- 
ated stimuli ( S ; :  frass, moth scales, de- 
cornpc~sition products, or  some other cues 
:~ssoci:lted with the presence of  hosts in t h e  
ctnvi~onlnent) hetween scanning of the  habi- 
t a t  and the more thorough investigatiorl of 
host trails within the habitat a re  the  proces- 
ses of ~win~ i i ry  itl ' ier~st in our studies of 
Icairomones anti their use in pest manxge- 
ment. In order for fernales of insect ptiresites 
to  remain iintl effectively se:u.ch a desired 
t:ilaget area, necessary s t in~ul i  (S ;) to ~~rodrrce  
t h e  'I, t.rnnsition must he provirled. Gont:\ct 
with t h ~  n~edia tor  that  trleases this behavior 
pattern must occur periodjcitlly to reinforce 
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Pled m d  
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Figure I.--Basic sequence of host-finding activities 
by females of parasitic insects: 

T, to and T., to -, = fransitions among the indi- 
cated b~havioral acts. 

S,., = stimuli refearing the indicated behavioral 
pafferns. 

5, = olfactory, visual, and physical cues associated 
with hasi plants or ofher habifafz. 

S, = primerfly chemicai cues from frass, moth scales, 
and decornpesitian products associated with 
the presence of kast insects. 

S, = olfactory, visual, sudiiorial, and other chemical 
or visual CUM from horf inset). 

Sg and, = oibactary, tactile, audiiorial, and/or com- 
binafion of Chess cues from host individual. 

atltl maintain the process. Lack of suficient 
rei:lforcemerit ot1.1erwise :illaws tlhc T., rever- 
sion to gent:ral scanning and a loss of the  
luuitsite from the targct area. Such an adap- 
tation is obviously of im~?ortnncr? to the  para- 
si te in nature to prevent then1 from searching 
in areas where there is a lack of or too low 
densities of the  ;ipl,ropt'inte host. 

The  11bility to n~:mipulate the behavior of 
~,al.asitea at thii; point of the  host-finding 
sequence i s  o1)viously of gl.c:it potential irn- 
1)ort;ince for rnolSe effective utiliz:~tion of 
parasites in pest-eo~itrol programs. 

Prerelease Sfimulation Principles 
Successful esta't,lishn~ent and retention of 

entornoph:i:.ous irlsects in tlcvget areas is of 
foremost concern in n1:tlrinji augmentative 
releases. This involves overcoming the in- 
sect's innate tendency to escape and disgerse 
ul~or? re1e:tse. its wet1 :LS relensirrg H host- 
seeking behavior that  will predominz~te until 
t he  parasite bec:omes established within the  
habitat. ICairomones :is host-seeking stimu- 
lants can play n vital role in accomplishing 
this desircii effect. 

K;.tirornones were eviilunted by Cross et  :tl. 
('197.5) :is sipn stimuli at time of release to  
determine whetlier the egg parasites, T. 
rrci~crrnr Nagi~ra ja  and Nagarkatt i  and T. 
l~rr.tiosrr?ti, and the l a ~ v a l  parasite hf. c ~ o -  
c.c.ipcs.s could be stablized and oriented in a 
host-seeking ~ ~ a t t e ~ n .  thus increasing their  
f l~equet~cg r ! f  retention ist the  target  n w i  and 
tliere!.)y improving their overall efficiency. 

The rcsults obtained with 7'. nch,nccic can 
he taken its an example. T. trc!lrcr7ne were 
placed i l l  jars ,  t he  innel. sut'fnces of which 
had been treated with tricosnne a t  the  r a t e  
of lag/30 CIII'. The parasites were held in 
these jars for  5 inirlutes just before release. 
Controls were held in untreated jars in a 
similar manner. Equal numbers of treated 
and control 17'. cccirtrc.nc, were released in 
sep;tr:ite piots of whorl-stagc corn, and the  
ls:~~itsitism was nlo~~itoretl for  the  subsequent 
23 I.roi11.s. The priol ex1)oscre to the  kairo- 
Inone resulted iri increkisc!s in ~ ~ a r a s i t i s m  
from 10 tci 80 percent (table 3 ) .  Thus activa- 
tion of the par:isites before release results in 
a n  imgrovect performance in  the t,arget area. 



Table 3.-Cornparafive porusifism of eggs of H. yea by fricosane 
stimulated and non-stirnuluted T. achaeae released in field pfofs of 
whorl sfage sweet corn 

- .--"- , ".-. "- 

Percentage of eggs parasitized at day --. Itern 
1 2 3 4 5 6 7 8 "  

--.--- A 

Stimulated 53.8 3'7.6 60.3 10.0 4.3 8.6 22.L 44.6 
Nun-stimulated 48.5 21.4 42.3 7.4 2.4 4.7 14.8 51.0 

I)iffr?rence 8.0 T=z.446** - - - - - 
. .... . .. ..-..... --- . ... - -.. ? .. . - --.v..------......-.---.-.- 

Day 8 not included in the stntist,ical analysis. 
* *  Significant at the 0.01 level of probability. 

Similar results were obtained with T .  prP-  

tioszrlr~ and M .  crocrig)rs. 

Effect on ti0ngevit.y and 
Tof al Producfivi9y 

Studies presented demonstrate that  treat- 
ment of an environnlent with t h e  kairomone 
increases the rates of parasitism in that  area 
fo r  sever:tl days a f t e r  application. However, 
i t  is importarit to consider t h e  effect of con- 
tinuous exposure t o  the kairomone on the  
total productivity and/or  longevity of the 
oripositing parasite, and a s  to the  possibil- 
ities of causing habituation o r  related effects 
by getting the  sul)l~ly of kairomone out of 
balance with the  host supply. 

Studies were conducted by Nordlund e t  al. 
(197.5) to examine the  effects of kairomones 
on prodr~ctivitg and longevity. Pairs of 
freshly emerged T.  pt , e t iosz~m (1 male and 1 
female) were containerized in 2.5 x 200-rnm 
test tubes ( 1  pa i r i tube ) ,  and  each tube was 
desigxated a s  treated or  control. Eggs of 
H .  zrct were glued on 20 x 160-mm strips of 
paper (20 eggs/s t r ip) ,  and one strill was 
pl:iced in each tuhe. The  str ips for the 
treated tubes were sprayed with the  standard 
moth sca!t! ext rac t ;  t h e  c o n t ~ o l  strips re- 
ceived t l o  spray. At  "-hour intervals, the 
str ips were exchanged and t h e  condition of 
the  l~arasitoids was detel-mined. The strips 
removed daily were monitored to determine 
the  percentage of parasitization find the 
progeny produced. 

Constant exposure to the  kaiwtnone actu- 
ally il~creased longevity. The nie;tn iontyevity 
for females was 10.6 (-11.63) For the con- 
trol and 12.2, ( k1 .6 )  for  the  treated fe- 

males (P=0.01). Ashley e t  al. (1974) found 
that  T. pr*otios?tm females lived longer when 
provided naturally deposited H. zen versus 
Tric!~op:llzisin ni eggs fo r  hosts and suggested 
the  difference may have been the  different 
stimuli received from t h e  two host species by 
the ovipositing. parasite. 

Data demonstrate tha t  t he  daily level of 
1):lr:fiitization w;is higher in the  treated tubes 
(50.4 - 2.9) than in t h e  control tubes 
(43.012.6) .  Also, the  total progeny produced 
was higher in thetreated tubes (110.84-10.6) : 
54.2 males and 56.6 femalesltube a s  com- 
pared to t h e  control tubes (80.6-+-7.71, 37.9 
males and 42.7 femaIes/tube. 

Nordlund et al. (197.5) also examined the  
possibility of habituation in these tubes 
where they were in c o ~ ~ s t a n t  exposure with 
the kairomone in the absence of eggs. Mab- 
ituation did riot occur when they were placed 
under such conditions fo r  3 days and they 
cont~nued to  exhibit a response to the  
kairomone. 

Swmmc~ry and Coaarfarsioms 
The behavior patterns involved in the  host 

or prey selection of entomophagous insects 
are  the major determinants of their eficiency 
as n controlling agent. 

I t  has become increasingly evident t h a t  
these behavioral patterns must be better 
understood and that  techniques developed for  
controlling them hl older to  increase the  de- 
pendability of entornophages in pest-manage- 
ment programs. It. is not enough to simply 
rtlle;\se the  agent i n  la~.gt't! r i ~ ~ n b e r s .  We mas t  
have the  ability to  adecluntely sclcct ilze 
pro!>eY species 01. si.r.:iin :ii.rd. then manage 



their dispe~.s:ii arid activity so a s  t o  rct:lin 
them in tllr target areas anti m2iint:iin ilf- 
feetive activity. 

Sttrtlies of knison~onos Iravo lit.i:~etf develol) 
a hetter understandiltx of the overall host- 
selection sequence of insect parasites. The 
kairornoneu act.ing as ~ t imul i  in the  host- 
findi~lg ~ ~ O C C S S  offer good potentit~1 a:: guides 
for selectillg a:)prol~riate s l>~cies  :und s t . r : ~ i ~ ~ s  
for colonization :iriti for sd(ii~rg p.e;lter 
versatility in tlieir appliciition. Sevcr:~I 
avenues for the use of kniromor~es in inl- 
~ ~ o r t : ~ t i o n ,  cr~l~xc~~v;ition, and augnlentation 
Ibrok'ritms :tl)l)ear worthy of consitleration. A 
brief sunlm;try of t l ~ e i r  potclltial ut i l i t i es  in 
Iocal and ~'cgional arlgmt?nttition programs are 
as Follows : 

A. I,oc,al I'~*og~arns : 
I. Prcstimul:~tion of rele:isc!d k~cnefic.i:il 

insects to stehilize and orient thern a t  
titile of r e l e~se .  

2. Treatment of piant surf:iras for stirnu- 
1;~tion of r~aitiiral nnd/or releascd 
entc)mop11;tgcs. 
a. supply in^ :t1,~ropri;itca tlrernic:~l 

from host or  prey ir~sect to elicit 
and rr\;ilrltain effective search. 

1). S t l l ) y I y i n g  approp~iiite clicn~ic:\l 
f r t i r t l  I~ost. 111iint fur intcarcepting 
artti ;tc.ti\rati~~g sc:~l.ch. 

3. In t t+~sal i~!g  hit-omones with food 
sl>ra.vs ;rnd nrtificlitilly st~l~plietl host, 
o r  IweY inacct m:rtc?ria1. 

Fi. 1te~ion:il J'i.ogr;irn Apl~lic.:ztiour of als- 
propl.intc~ kairomonc? to st?lected host 
plants throtighout all are21 for suplrres- 
siori of  total pest population by:  
1. Decre:rst. of  early-season pest buildlgl 

l ~ y  improving the activity of  the  red- 
:rtors and parasites. 

2. Inc!re;ising the production of parasites 
as a rt:sult of higher parasitism level. 

3. Ptepl~cd-up de \ te lo l~n~c~~t  of prerfators 
21s n result. of incrcas~d ftteding. 

Fllrtller st.utlies of these liiiironloncs shoultl 
continue to yield an irnprovcd ullde*.standirrg 
of pal.asitti-host relatiolzs end provide a 
greatly imj,~ro~ied b:tsis for the  use of para- 
sitic insects in pest-management systems. 

References 
Art h i i r ,  A. I'.,  R. M. FI~,gdck:rr, a n d  \V. U'. Ratsch. 

1!)72. A ~ : l l ~ : ~ ~ l ~ : ~ \ l , I ~ ~ ~  l)b;k'lKb:It, SYh'l'!Ik:Tlt' %lFXtIl'Sl 
T l l h T  ISI)l.l'F.8 O\'ll'OSITION I?: TIIF: PARASITE. f!o. 
/ ~ ( ~ , r l l , s  c r ~ ~ t r f ~ l c i s i f ~ r r  ( ti~!.l.lF:N01*rF:Y.A : t t : l iSE1'3((1S-  
IIIAI.:). San. F:!~tr)n~r)l. 104 : l"51-G8. 

Ashlc .y ,  T. I<., J. (:. Allen, :~rl(i L). Gonz:iI~z. 
1!174. S l 1 < ' ~ F : s ~ € ' t ' i ,  I~r\K~\SITIZATIOS OF ~ f t f i f l f / i i s  .rr,t? 

v i r o ~ i .  E n t o i i ~ o l .  !!: !;l!i-22. 
H r o w r r .  fV. L.. Jr., T. I.:irrrc.r, :inrl 1:. H. Whittai;~r. 

I!I;(I. AI.I.~JIOSF:::  AS!^ I C A I I C O ~ I O X T : ~ :  T I ~ A S S ~ ' E ( ' I F . ~ ( '  

1 ' .  T I  IS S S l T 1 1 1 . T  OF CITtLt'S I S -  

FS;STIS~; ~ Y V . C I U S  TCI  I ~ , \ ~ ~ ~ \ S I T I Z , ~ T I O X .  .j, E c o n ,  E n t o -  
n1ol. 4 0 :  2fiG-G!l. 

Gi;!wrt. I,. I .  
l ! ) i ;7 .  L , I I - I L I  ~1i~:TAlrrrl.lSJl ANII FI'N('TXOS I N  ISHECTS, 
11r rl(1rv111cr.s itr i t t s f r t  y)kynicilogl/: Fib. A c : ~ d t ~ m i c  
1 ' r t . s~ .  

Gross. kI. It., Jr., \V. d .  1,ewis. R. I,. J oncs ,  and I!. A. 
Nor t i t un t i .  
l!);:}. KAIDO~IOSES A X I ~  T H E I N  Z'SP; I W  TIIE I\I,\N- 
A~:EMENT (IF ENTO~TOI 'HA~:OI 'R  ISSECTS. TIT. S ~ l h t r -  
I,~\TIoX OF ? ' ~ - ; ~ I I ~ ~ J ~ ( L I I I I ~ I ~ L  nclrr t~,r ic , ,  T. l ~ r r ~ t i o s i c t t l ,  
AN0 ; ? f i~ l '~ t} , l i f i s  ~ ~ ; , c l ' i ~ f ' ~  \I.lTI{ HI.tST-SE:EKIN(; STIM- 
I ' I , \NTS AT TIJll.; OY RI::I.C:<SE: TO I hll'lCOYE TtIEIR 
.lF:6~i\-tK%t*Y. .I. ( ' ~ P T I I .  k:feol. ( In  pr<?ss.) 

f f t q ! ~ d r y ,  I,. I!.. 1'. 11. (;rr:uiy, and TZ. J .  Gill. 
1!'73. Kxr\trmoxe ~ r ~ ~ ~ r . ~ r r : n  ISOST,.FINTIINC H E I I A Y I O I ~  

nntf  I?. r$icr.l. 
1 ! i i  1. ~ - ~ l ' ) ~ T - S c K t r l  ?: i :  STl>l~'lAhNT FOR I'AHASITb: OF 
('trliS I:ARiSOIZU : ~ ~ t l l d ~ 1 ~ 1 ~ .  InESTIFICATIOS,  A S V  
SYXTIIESIS. SC~CIICO 173: 8.12-43. 

Junes ,  It. I,., IT. J. I.ewis, M. Neroza. I?. .4. R i ~ r i ,  
and A. K .  Sn:irks. 
I!,;?. HOST:SKEKIX(; 8TIMVLANTS ( K  \IROXIONE:S) 
Flru ~ i t t :  *;(:(; P,\KASITt:. T i - i ~ i l r ) q m v i v ~ r r t  (,~.rc??(.scc.nr. 
b;nviron,  Cntitn~<tI. :!: 593-:!&. 

I.airig, J. 
1937. HUFT-F.~SPISC RY 1NSI:CT I'AXAS1Tt;S. I. OU- 
SF:KSATlOSS OS T l l E  FlSIITX(; OF liOSTS RY Alysio 
~nnnri~tccrt~tr. .  . P l o i * ~ ~ i n t ~ i r l l n  l*itri))crirzis, awn Tricho- 
grclr i inid ccSrln<.r;ctzr:s. J .  Anim. Erol. R: 198-317. 

Ltx\vis, I!'. J., an t1  R. I,. Jones. 
1971. SI!I%STANCI.: THAT STIMI.I,ATES HOST-SEEKING 
BY d f i r r o l ~ l i t i s  o o r t . i p c . s  (HYMENOI'TERA: RRACON- 
% P A C \ .  A PARASITE OF H ~ l i o f J t k  SPECIES. Entomol. 
Soc. ' ~ m .  A n n ,  64:  471-78, 

I.,r,.vis. 'X. J.. A. N. Spnrks, and I,. BI. Redlinger. 
11171. MoTt1 ctrrOH: A > I ~ : T ~ I O I I  OF I~OST-FIXDISC BY 
T~~ 'C / IO{ ; ( IP . ( IJ I I~ : I~ !  ( ~ I * ~ ! > ~ C : V C ( ' I I S .  J. Econ. Entomol. 64: 
rbC,7-33. 

l ,twis, JV. ,I.. H. I... .lo!ic.s, anti -4. N. S p a r k % .  
X!h;L'. ?I Il<~ST.Sf.:F:KISt~ ?;.l'i3li'l.AST PLIH TffE E(;C 
I-.\ICASTT~:. T r i ~ l r ( , p t . n l n l ) ~ f ~  rsl,ct>ll-sc,.tts. [TS SOZ'RCE 
AN!) 11!:XtllNS'IW~\Tl0.i Of I'TS I.*II(tRATORS A S l j  FIELI) 
AI:TIYITY. I . : I I~~II I IO~.  Sac. Am. Ann.  65: 1087-89. 

Lewis. IV. J., K. L. Jones ,  1l.A. Nortilund. anti A .  
N. S p a r k s .  



FOR INCREASING RATE OF PARASITIZATION BY TVkh0- 
grclmnta srr. J. Chem. Ecol. (111  press.) 

Lewis, W. J.,  R. L. Jones, D. A. Nordlund, and N. 
R. Gross. J r .  
1975b. KAIROMONES AND TlIEIR USE FOR M A N A G E  
,AIENT OF EHTOXIOPHAGOUS INSWTS: XI. MECHA- 
NISMS CAUSING IYCREASE IN RATE OF PARASITIZATION 
ny TricJrugru,tr~nc~ SI~P. J. Chem. Ecol. (In press.) 

Nordlund, U. A., W. J. Lewis, R. L. Jones, and  11. R. 
Gross, J r .  
1975. K ~ r ~ o h r o n ~ s  AND THEIR 1!SE FOK M A X A G E  
~ N T  OF ENTOLII)I~II~~COI:S INSECTS: IV. EFFECT OF 
KAIROMONRS ON IaKODI!CTI\'ITY A S D  LOXCEVIW OF 
Tric l togmntrna yrctio.~lcnt RILEY. J .  Chem. Ecol. 
( I11  press.) 

Salt, G. 
1935. EXPKKIJIENTAL STIJDIES I N  INSI.:CT PARASITISM. 
111. HOST SELFLTION. ROY. SOC. London Proc. (Ser. 
R ) .  117 :113-15. 

Thorpe,  W. H., and F. G. FV. Jones. 
1937. OLFACTORY CONDlTrONiWC I N  A YQRASITIC I N -  
SECT AND ITS RELATION TO TEIR PROULEMS OF HOST 
SELECTION. Roy. SOC. London Prw. (Ser.  B)  124: 
56-81. 

Vinson, S. R.. K. L. Jones, P. E. Sonnett, B. AI Bierl, 
and M. Heroza. 

ISOLATIOS, IDCNTIFICATION, AND SYNTHESIS O F  
HOST-SF:EKING STII~ULANTS FOR Cardiochites nigri- 
Pr'ps, h S'.tRASITOII) O F  TI IE  TOBACCO BUDWORM. Ento- 
rnol. Exp. Appl. (In press.) 

Weseloh, R. M., and R. R. Rartlett.  
1971. ~ N F L I ' E M ~ ' T :  OF CkIEMICAL CEIARACTERISTICS OF 
T H E  SFX0NDAY.Y SCALE HOST ON HOST SELECTION 
REHA\ JOR OF T H E  WYPEK PARASITE, Cheiloneurus 
noxi?cs (NYMC:NOI?ERA ; ENCYRTIDAE) . Entomot. 
Sor. Am. Ann. 64:  1229-64. 

Wlgglesworth, V. B. 
1972. PRINCIPLES OF INSFLT P I I Y S I O ~ Y .  7th ed., 
827. p. Chapman and Hall. 



GYPSY MQTM RESEARCH, DEVELOPMENT, 
AND APPLICATIONS PROGRAM: 

STRUCTURE, OBJECTIVES, AND DlRECTlON 

by THOMAS McINTYRE. program manager, U . S .  Departm.ent of 
Agricrelture Gypsy Moth Kesearch, L)evelopment, and Applications 
Program. U'ashington. I1.C. 

ABSTRACT. Recause of the urgent need to control forest insect 
pests, a research-and-development program was established to 
accelerate research to providc! control tec'tinology. The facilities. 
objectives. funding, and organization of the program are described. 

IN 1973 THRICE INSECTS - t he  Southern 
pine bark beetle, the  gypsy moth, and the 

Douglas-fir tussock moth - were epidemic in 
the South. Nortl-least, and Korthwest rcspec- 
tivelp. Outbreaks of these pests car1 be ex- 
pected to continue, although intensity and 
extent of infestation will vary cons~derably 
in place and time. 

Secretary Rutz and Assistant Secretary 
I a n g  of the 'I7.S. Department of Agriculture 
bec:rrne thoroughly familiar with these major 
forest pest problems. R ~ v i e w  showed that  
effective strategies and tcc'hniqucs for  de:~ling 
with these inserts were lacking or inndequat~.  
Further study ~ h o w e d  that  resources avail- 
able within the Departnient were not nde- 
quatcr to provide the  requ~rcd pest-manage- 
nwnt ttxahniques within a reasonable time. 

!tecognizing the  urgent need to control 
ti?c*se insc9ct.: and prevent similitr outl)reaks in 
the future. Assistant Secretary Ilor1g asked 
four federal agencies --the Animal and Plant 
Ifealttl Inspection Service, the  Agricultural 
Research Service, the  Cooperative State Re- 
search Service, and the  Forest Service -- to 
develop plans for a research-and-development 
program tha t  would provide the  needed con- 
trol technology. I t  was retjtlested that  these 
programs be structured so tha t  specific ob- 
jectives could be met ir! 4- or  5-year pro- 
grams. It was determirled tha t  the  I o n ~ e r  
research period would be required for t11r 
Southern pine bark t~ectle effort. 

Staff speclalists in Vl'ashington. D.C., and 
from the  field, including scientists from sev- 
eral universities, developed proposed research 

programs outlining specific objectives and 
incIutiiiig estimated budgets. 1 will outline 
t h e  proposed programs arid the funds re- 
clilesteti to complete the research. The struc- 
turilig for t.hese researctl-and-tIevelol)rx~ent 
efTorts for the three insects is identical. 
Therefore I will not outline details on the  
three pest problems. but will limit my re- 
marks to the  gypsy moth program. 

Tltc present funding for the  ongoing gypsy 
mnt11 ~.~seilrch-nnci-deve1nl)ment program is 
$2.3 rniilion. Examination of the resources 
nv:tilat)lt: ir1dic:itcd tll:lt they were not ade- 
c.lunt.c to provide the needed control tech- 
nology within a short time. Considcr:J,le 
:rcceleri\tion of the  pyagram wits indicated. 

An analysis of available resources revealed 
researcll-and-tfevelopment capability a t  t he  
following f21ciities : 

Fo,.t,sr Scvc.irt1 I r rbo~~~cr tn~~ i~ .~ .  - Hamden, 
Connectic~ut ; Delaware, Ohio. 

Forrsl Scrc:icr j,c*st-~o,ntl~ol rc,itc,)..c. - 
FInmderl, Connecticut; 'L1l)pel- Ilarby, 
I'ennsylvania. 

Ag,~iorlttsrcil RCSF(II.C!~ S F ~ I * I C P  Ltrbom- 
tori~>s.-Beltsville, Maryland; Newark, Dela- 
wi31.e; Serves, FI-ance; Tokyo, Japan. 

Anil~rrl  crnd Plnnt Hctrlt i~ Inspect ion Se.rt1- 
irr I,trhc>rrrto~i~'s.-0tis Air  Force Ease, Cape 
Cod, 1I:cstincliusetts. 

I:nit~c,rsitics In t h o  Novth t,ristr).n I ;n i trd  
Sttr t(':: 

AcceleraQed Program of Atfack 
Here is a sumnl;\ry of the  pr.ogl.an.1 objec- 

tives and expected restalts in the accelerated 



gypsy moth research-and-deveio~)rne!~t pro- of M:\nagement and Budget personnel and 
gram : congressionnl cor~mittees to deal with matters 

Objectives : involving funding of the three accelerated 
insect reseiirch-and-devemment programs. 

Monitor :tnd predict moth populations and Furrds w1.e d,tnined for each of the three 
damage p1*ogl.:in1s, 2nd the table outlines budgets for 

6 Develop materials and st13:ltegies for sup- the Con7l)ined Fo~es t  Pest Research and De- 
pressing moths velol~nerrt Prr1~1.ams. 

9 Provide integsated pest-management 
st r:itexies 

Expected Results : 
@ Methods for detecting, e~aluat ing,  and 

predicting changes in moths and damage 
Methods for using toxicatlts. rnicrobials, 
behnvioral materials. ~,arasites, predators, 
pathogens, and sterile males 

@ Tecl~rlology for rnatlnging or  eradicating 
moths in chrol~ie infestations and isolated 
a reas 

To achieve the objectives arld provide the 
;~!iticil~:lted results, a 3-11h;ise strategy/ 
activities/cost l)roy.:irn was developed : 

E'redlicting populz rt t '  ions 
PretIicting irnj~acts 
Integrating cl ia~~ges and iml~acts 

Mil l ion 
dollnrs 

2.0 
l..1 
0.7 

- 
PHASE I1 Developin:: techt~iques 

for colltsol of rl~crtl~s : 
P;il.ilsites and p ~ ~ e d a t o ~ s  
~ I i ~ ~ ~ ~ ~ ~ i i t l ~  
Dispirlurc 
Toxiciints 
Stesile nlales 
hl;iss i.c:uning 
C'lie~uostimril;ii~ts 

Orqanizaf ioaal SfrlreiCuptr 
Internpency and university illvdvement in 

the forest-insect peqt programs suggested the 
need for new orzr;krii,c;ltional structures. Key 
points :lye the P r o ~ . r a n ~  Manager and the 
Program Ro~ird. 

The FJonrd i s  caniposed of the agency heads 
f1.on1 the Forest Service, Animal and Plant 
ffealti> Tnsl~ection Service, Agricultural Re- 
search Servlcc. Cooperative State Research 
Servi~e,  and a re1)resentative from the As- 
soc.i:~tion of State College and Ilniversity 
For.est~.v Ilese;treh Orgiini~atronn. The Pr& 
gram T:o:u.rf will t ~ .  exp:u~ded to i~rovidle for 
several more members to obtain adequate 
inputs fmm individuals with sl~cialized in- 
terests. The Deputy Assistant Secretary for 
Cons~rvxt io~ ,  Research and Education (cur- 
rently Mr. Vander Myde) chairs the Board. 
IIe is assisted by a staff officer who carries 
out staff functions. Keith R. Shea, formerly 
in cliarge of forest insect and disease re- 
se;trclj in the Forest Service, was appointed - - - 
to this ~rosition. 

The Program Manager is cvnsidered the 
liey to eventual success of these accelerated 

2.0 
rese,u.ch-and-de~re!o~~ment efforts. The Pro- 2.3 

3.9 
gram Manager reports directly to the Board. 
Ire has olw.:ltional respunsi1)ility for project 

1.3 
plaiinin~, implementation, review, and con- . - 
f.rol. f'e~sonnel, funds. ant? farilities are SUP- 

'% plied hy :in iipl,rcq;rixtc administrative man- 
.5 axement unit of the Forest Service. The Pro- "---- 

gyam ;~T;in:~gem. consults ctn major decisions 
ll.O with tlle agencies or institutions providing - 

I'CSOLI !'('es. 
PHASE I I I  - Providing integrated The Prog~arn Manager is authorized to  use 

]lest munagemel-lt systems : 2'3 all the  ir~strumrrits of management available - 
to IVSI>A Agencies. Tn arfdition to in-house 

Total, FI' '75-'77 17''1 rneclliu~isms. these inclutle cooperative agree. 
Xssistallt. Sei:rct.;iry I , ( j l l ~  iinrt t,lle supvort n~ents,  yr:ints, :in({ contracts with univer- 

st;ifl met i l l  the summei. of 1:)TA wit!! Office sititas. s!at.e goverramenis, and privat:t 



Table.-USDA forest pest programs, budget summary 
[In mi!lions of dollars] 

..... -- . -- ........ ....... ............... ........ 

I979 -- - 4.3 4.3 
-. - . .  - .......... - -- ....... ........ - -- - - .. .- 

Total 8.2 18.0 l!b,f; 46.8 ...... .. ....,.-..-. ....... ..... ....... -.-- 

institutions. Fulxds :Ire ;lilocated in accord- least t?clu:ll l ~ u t  not lintiled to funds appro- 
ance wit11 activity rreetls regardless of source. priated to the C'ouperative S t ;~ ie  Research 
Support pruvided to the universities is ;it Service for this  !wojct:t. 



PARASlltE EVABLJlATiON AND MANAGEMENT 

5!y MARJORIE A. HOY, the Connecticut Agricultural Experinzent 
Statiov~. New IInven: now fl research entomologist, Forest Insect and 
Disease Laboratory. iVortheastern Forest Experiment Station, 
Forcst Service, USU.4, Hnmden, Conrz. 06514. 

TIIL IVORKSIIOP on Parasite Evaluation eign data sheet with desired information to  
LV;~:: attended by approximately 60 people give to foreign field personnel. Furthernlore, 

the first day and by ithout 40 pcople the  lie would like to have information from 
second day, surely :In intlication of the  inter- people interested in working with gypsy moth 
est held by many in gypsy moth parasites. pa~asi tes  :lnd a return from them of the  in- 
The agenda was followed fairly closely 1)y the fot.mation they :ire able to obtain. I t  a p  
contributors, and questions and nnswers from pcarctl that  there are increasing numbers of 
the  audience \\ere riunlerous. ~csearch people interested in various types 

The invited contributors wcre: .Jack Coul- o f  cvaluat~on of new esotic gypsy moth 
son. Chief, Beneficial .Insects I~itroduction ~)~irasi tes.  
I'Lese~irclt I,aboratory, USDA, ARS, Belts- Considc~-able discussion concerned mu!tir)le 
ville, Md. 20705; Larry  Ertle, Quarantine vs. single introductions. A consensus seems 
Oficel-, L'SDA. ARS, Newark, Del. 19713; to Le that  single introductions are the  es-  
Timothy Tigner, Division of Forestry, Corn- trerne a t  on@ end, wliilc the  extreme multiple 
monwealth of Vitginitt, Ch:trlottesville, V:t. 
2 9 0 3 ;  Ronald \t7eheloh, Thc ronnecticut 
Agricultural Experiment St;~tion, S e w  l'fi~ven, 
Cotln. 06501; Mark Ticeliurst. Ilureau of For- 
estry, Middletown, Pa. 17057; Thomas ODell, 
Northeastern Furcst Experiment Station, 
U.S. Forest Service, IIarnden, Conn. 06514. 

The purposes of t h e  worksllop as seen by 
the chairwoman were twofold: (1) to  impart 
~nformation about work going on in various 
laboratorie~ and organ~z;ltions, and f 2) to 
attempt to reach a concensus about the direc- 
tion the new gylxy moth parasite program 
should go, particularly with ~eference  to 
priorities in foreign es1,lnration 

With r e s p ~ c t  to goal 1, I believe that  murh 

system is not 21s ~,~oduct ive  ;is something in 
hrlwet:n; i.e. the  c)i:~irwom;111, at least, felt. 
tllrlt 1)eol)ie ;ittending might vote for in- 
t:re;lsed study of the new exotics prior t o  
impo~t;ttion, and a moderately selective intro- 
duction scheme. 

The PIirasite Management Workshop on 
Tl~ursday morning was made available to  the  
group to continrre the discussion. Thus, pa r t  
I1 of the agenda was covered then. Mark 
'J'icel.~urst was able to give a clear, concise 
summary of the  work the I'rnnsylv~inia group 
is doing. Tim Tigner discussed the vaIues of 
!~evc.entage of jxirasitism in parasite evalua- 
tion. Open r'riscussion made it clear tha t  
percent:~ge parasitism, while not the ideal 

jnfv~.rnation was exchtlnged between various method of cvalt~ation, docs have its uses, par- 
people worliing with gypsy moth parasites. ticu1at.l.v when gypsy mot11 popul:rtior~ dcnsi- 
.Tack Coulson discussed 1)rohlems and i in~ita-  ties, etc., aye given. Cert;~inly percent:\ge of 
tiorls ciuring foreign collection and c~uarantine ]>ar;c.sitiam is sufficient to determine estiiblish- 
har~dling due to the  limitations on funds and rnetlt, althougl? i ts  value in relation to emcacy 
personnel. Larry Ertle noted tha t  his capa- :\re open to  considerable debate. I t  may be of 
city to provide detailed info~rnation about viilue also in evaluation of management 
exotic species (luring qu:tr:rntine was severe!v tcc!tniiiues. 
iinlited by the huge workload he  was inun- Alternative methods of evaluation were 
dated with each season. discussed by Ron 'lLreseloh. TIe mentjorted 

Jack Coulson p1:wecf consitlerahle en~ph i~s i s  viuious sarnl~ling and bef~xvlorzil ;~tlalyxes he 
upon receiving inform:ltion from nesearch 112s ~lseri i n  81.1 ~lttcrnpt, tv evaiu:cte several 
1)eopIe irivolvetl with gypsy nwtfi ]):u';rsites, gypsy mot11 pzt~;isites. IiIe also reviewed 
Sprcifically, he wntlld I)e glad to t ~ t ~ v e  i j  for- ii Ilic!)er by F'~icc a l~out  pl-edictiiig effective- 



ness thl.augll mea.surernents of niche breatdth 
(Pr;cc9 1.972). 

Nothing along these liries :\l)l>c3:trs t,cl h:~vc  
!)een dolie with gyljsy nroth p;tr;tsit.cs. : ~ n d  
pet-f~iips nn:llyses such as these coult'l provicle 
\.aluable illfo~m:ttion. Iri addi t ion,  Ron tr ied 
to open t h e  discussinn u]) to o t h c y  r1:1ssici11 
klioiogic:il-cr?~~t~~~)l t e c h l ~ i q ~ ~ e s  ;i11(1 tileiis re- 
la t iunshi!~ t o  eva l~ ln t ion  of g y l ~ v  11iot11 1);ir;i- 
sites. TIlese inc.lndec1 e s l , e ~ ~ i r n e ~ i t i ~ l  ~-emav::! 
of pariisites; insc*cticirl:il vlleck metitods. 2nd  
mei.ll:i?~ic;t! exclusion surbh as oiipilig or Il;tn(l- 
~ -c r~ lova l ,  ; ~ u d  i~~t t? l ' f c~*r~rcc>  tec.li~iicltles. Their 
:iciii!~t;~tio!~ t o  ~ y p s y  11lot11 p:tr:isit.es is ol,r:!i 
t o  ilrlt?stic!li. 

E'in:\lly, Ton1 O'1)t:ll c\iscussed va~.ious as- 

prbct.; of Ills i i l ~ ~ l  f k r t  Godwin's e ~ : ~ l ~ ~ a t i o n s  
f I I .  These i~ lc ludc  
slr ld ies of i)ch:lviol. i l l  t i le lirld ;.ind I;tl~o~.;l- 
tol.y, i~ l r l i~ r l i l ig  ss:tml)lil:g motIic!ds. with tlic 
u l t i n ~ a t e  go;11 of s ; r n i l , l i r ~ ~  all s t ; t~c: i  o f  I : I I , -  
p h r r ~ . i l ~ t  to develo1.1 :I l i fe  t;il)le. 

A s s r l r n i ~ ~ g  t h a t  t h e  lirles of  c.omm~l~iic~ctir-~n 
develcr~~ect :lnd \vide~.ietl d u r i n y  the ~ v o ~ . k s l ~ o l ~  
;c~.c r n i t i ~ t t : ~ i l ~ e d  d u ~ . i ! ~ y  t l~c? vc~tiril~ji yeill', I 
Itelirve t l ~ c  wtb~.l<sllcrl~ 1i.a:; positive- t ime  
\VC$!! ~\lC!it. 

Li+erafure Cited 
I'rivr, 1'. I!'. 

1!172. JTI.:TII~IIS OP SASII*I.IV(: ,%XI) AS:~T.YSIS FOX 
I'I<I;I)ICTI\I.: I?F:SI'I,TR I N  TIIF: IST1IOIII'CTIOS OF LSTO- 
: S I ~  llsrlat:c~l,s rsst;c3~s. I.;rlt,oniopha$n 17 : 21 1-22". 



FBELD AND LABORATORY IIDEPIBIIFBCATBON 
OF INSECT PATHOGENS 

by J O H N  D. PODGW-AITE, tesearcla microbiologist,. Forest lnsect 
and Disease Laboratory. Nortizeastertz Forest Ezpemrnent Station, 
Forest Service. C'SDA, Hurndex, Conn. 06514. 

An understanding of disease processes oc- 
curring in insects is basic to any IZD&A pro- 
gram involved with pest management. I t  is of 
course essential t o  a progran? !ike the gypsy 
moth program th:it stresses the utilization of 
microbial agents for  pest control. 

The first step in the det~elopment of a 
microbial control agent is to find it. The 
nest  step is to  identify i t  and determine how 
it kills t.he insect. The successful accornplish- 
ment of these steps and the other logical 
developmental steps (safety testing, produc- 
tion, field testing) depends on the utiliza- 
tion of it variety of di:ignostic procedures and 
teeliniques. 

T11el.e a re  of course other areas of an 
RD&A pr.ogl.;irn where a k~~owledgc of disease 
and pathogens is important: for exam~~lc .  in 
popu1:itiork dynamics studies, where the identi- 
fication of disease co~lditions are  necessary 
fo r  building life tables. Also, the sucre.;sfnl 
establishment and rn:iintenance of insect cul- 
tures necessitates a need for  diagnosing. 
treating. and then avoiding disease problems. 

The workshop tliscussio~rs focused on some 
of the techniques ut i l iz~d to cli:*gtic)~~ disease 
conditions both in the field and in the l a h r a -  

Sorrn:u~d R ,  Dubois, microbiologist, USDA 
Forest Service, presented the yer~eral tech- 
niques of insect pathology and microhiolngp 
used to diagnose disease conditions iri  insects. 
1.k indicated that there arc  many techniques 
the untr:iined field worker can use to diagnose 
disease in field ~,opulations. Some rapid stain- 
ing and microscopic techniques for demon- 
strating viruses, fungi, and bacteria were 
discussed. 

I discussed ]low diagnostic techniques were 
used in a large-scale evaluation of disease in 
naturi~l gypsy moth populations. I pointed 
o u t  t11:lt certain techniques must be modified 
when tiii~!:nosing a 1:trge nuniber of insects in 
;L limited time fr;tme, and that one must com- 
1)romise some degree of diilgnostic detail in 
order to obtain numbers t21;it can be subjected 
to rigorous st:ltistical an:ilvses. 

Firlillly, I?. A. Dieapus. associate professor 
of immunology a t  the XJniversity of Conneeti- 
cut, tliscussed the  potential of various im- 
munolo~ical assays for detecting preclinical 
eases of  insect virus disease in the field. He 
indicated tha t  these could be valuable tools 
for the accurate p~edictlon of future popu- 
lations trends. 

tory and on how these techniques are used in 
RD&A grogram studies. 



I Headquarters of the Northeastern Forest Experiment Station 

1 are in Upper Darby, Pa. Field laboratories and research units 
1 are maintained at: 

@ Amherst, Massachusetts, in cooperation with the University 
I of Massachusetts. 

@ Beltsville, MaryIand. 
O Berea. Kentucky, in cooperation with Berea College. 
O Burlingtan, Vermont, in cooperation with the University of 

Vermont. 

Delaware. Ohio. 
Durham. New Hampshire, in cooperatioxl with the University 
of New Hampshire. 

O Hamden, Connecticut, in cooperation with Yale University. 

@ Kingston. Pennsylvania. 
@ Morgantown, West  Virginia, in cooperation with West Vir- 

ginia University, Morgantown. 
@ Orono. Maine, in cooperation with the University of Maine. 

Orono. 
* Parsons. West  Virginia. 
@ Pennington, New Jersey. 

@ Princeton, West  Virginia. 
* Syracuse, New York, in cooperation with the State University 

of New York College of Environmental Sciences and Porest- 
ry at Syracuse University, Syracuse. 

@ Warren, Pennsylvania. 


