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• The Biology and Ecology 

of the 

Red-Headed Pine Sawfly I 

By Daniel M. Benjamin,2 Entpmologist, Division of Forest Insect Research, Forest Service 

INTRODUCTION 

The reel-headeel pine sawfly (iVeodip1'ion lecontei (Fitch)) is one 
of the most importmlt native forest insects defoliating young bard 
pines in the eastern half or the United States and Canada. Recent 
outbreaks have resulted in the death or deformity of young pines on 
several thousand acres of plantations anel the destruction of vast 
numbers of roadside and park hard pines. Often eastern and west
~l'n 'white pine, tamm'ack, deodar cedar, and N"orlvay spruce are 
severely ddoliateel by larvae that have len their pine host. 

• 
Although the red-heac1E'c1 pine sawfly has been recognized since 

1858, few studies of its E'colop:y have been conducted. Middleton's 
biological inYestigations (21) S with notes on its ecology are compre
lumsive; Browll and Daviault (1), and SclwJfner (B'l, ,~8) have also 
contl'ibuted ecologic:al and biolo£!ical information. 

Because of the paucity of current information conc('rning the 
biology, ecology, lind control of this in:-:cct on hrge 'fon~st planta
tions in the Lake Stat.E's, the stuchE's reported here wcre undertaken 
in 1047. Investi£!ations ,,,ere C'onclnct('cl on the Slw"Yll(,c Xational 
Forest in southcrJ1Illinois in 10:1:1. 19±t'. am1111'19.1111cl on the Mm11stee 
Xationa,] Forest in the Lo,y!')' renins'ula of )llchignn in 10:1:8 !tn(1 
1040. SaTl'Ily inf(';:;tatioJ1s on national forests in Michigan, :\Iillne

1 Submitted for publkutlOll .TanualJ' I';, 1!)55; a conde.nsation of 11 the~is in 
pnrtial fulfillmE'llt of the l'l'quireml'ntE for Ole DOl'tor of Philosophy, UnIversity 
of Minnesota. Thp. stUlli!'S reported were undE'rtaken by the Bul'!:uu of En
tomology and Plnnt QuarantIne in cooperation with the U. S. Fnrl'st Srrvice 
and the CniY('rsity of Minnrsota. 

• The writer, now with the University of Wiscousiu, expresSes bis sincere 
g:ratitude to F. O. Orfligl1Pac1, formerly in rh:1l'g-e of the Division of Fore~t 
Ins('ct Investigations, Bllr!'au of Entomology and Plant Quarantine, for makin~ 
these ~tu(lie~ possible; to H. A. Bess. fOrlll('rly in cbarge of the ?1m waukee Forest; 
In~ect Laboratory, for gllWau('(' during the enrly phases of the studies; to 

• 

C. B. Enton, formerly in ellar~e of the :'Ililwankre Forest Insect L.'lboratory, for 
valuable Sllg-g!'stions during the latter Illl:1ses of the investigations, and for bis 
critical examination of tlw mal1uscr:pt.~ to .t'4 C. Hodson, of the rnh'ersiLy oc 
:'Ifinnesota, for sugge~tioDS llnd criticisms thl'(JugllOll! the Fituc1y. 'Without the 
interest,ellrouragefllf'llf'. and a~Ristan('(' (jf many ll\!'mi)!'rs (If the l'ores\, Seryic(', 
these studies would hay!' hren impoFiFiihle. 

Sincere appreCiation is pxpressed fur unpllolishec1 (lata mnne aYaiiable by 
many ('anaclian und .American entomologists; the writer is in particular indebted 
to the Canacliall entomologists A. 'iV. A. BrOWll amI L, Davilmlt, amI to the 
American entomologist J. Y. ScllulTner, Jr., of th!! New Ha\'en Forest Insect 
Ln bora tory. 

3 Italic numbers ill parentheses TI~fer to Literature Cited, p. 50. 
1 
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sota, ~fissOUl·j, and ,Yisconsin were also examined. Information COH
cerning the sawfly in other areas was obtained from literature and • 
through correspondence ,yith Canadian and American entomologists. 
This bulletin brings together widely scattered information concer.ning 
the ~awfly and summarizes the biological, ecological, and control 
studIes. 

The red-headed pine sn.wfly has been reported from practically 
every State east of the Mississippi River and also from Arkansas, 
Louisiana, ~IiJ1nesota, Missonri, and Texas west of the Mississippi 
Ri-.:el.. Collections haNe been mack as far south as Mrmatee County, 
Fla.. at latitude approximately ;27° N., anel .Jasper County, Tex., at 
30° N., anci as far north as Albanol, Quebec, '.!:DO N., nnd Kinc1iogami 
Lake, Ontario, 46° N. The kno,\'n distribution is presented in figure 1. 

\ 
l " 

• 

Legend 

United States I 

Canada 

• 
figure I.-Noc':' American dislribution of the red-headed pine sawfly. 
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OUTBREAKS OF THE SAWFLY IN EASTERN 

NORTH AMERICA 


Few l'epol'ts of widespread defol inti,on by the red-headed pine sa.wHy 
'were publisl1ed during the 19th century. In general~ these early 
writings referred to only defoliation of park and shade pines. 'VHh 
the extensive planting of stands of Dura pine throughout the eastern 
half of the United States in the early part of the 20th century, local 
and widespread sn.wily oubreaks be.o-an to occur. During the 1930's 
tllere were severe infestations in the Lake, Southern, and Northeastern 
States: and during the 1040's o!ltbretlks were general in Illinois, Michi
gall, Nc'w York, anci "\Vi:;col1sin. A summary of the sawfly outbl'cnks 
in eastern North America, during the past III years is p'resented in 
table 1. 

'['A TILg 1.' Ri'd~h((lderl pill(, Sc7ll'jl!i nnlbl'eaJ.:s 1 ill w.sterll ~Yol'lh Am( rim, 
1935-:;3 

,..- ::: '': z. ~Arpa § ~ a; !.= ~ :: § .c:-: ,-,11 g ;;" 
,"£ 

§ :: § " ~ g :; :; 

.\tlanfic Statr,,; 

X ortll Ca.1'Olinll. " 0,_ 

yirgiuia", ____ , __ ,~_, ___ ., 


Lake Stllte,,; 

:\lichigatL _ • • _ •. ,_. 0 x x x 
 '(x,,'_, -\l()XXXOOO,OO:-linn!:'!"ota. ______ " ___ _ 

." "".1)00000"""",,_
'\riSCOJ1sitL _" __ " ... _ __ 0 _ 0 -_.-,-"" oxxx,_,,_o,o

Xorih Centi-al States: 
Illinois.. __ " __ " _" _ " __ , "" .. _ _ _ , ______ . __ 0 x x () " 

:\1 j:::s()1lrL _________ ' _... __ _ _ .. .. 0 0 
 () 0 () --Ohio_, ______________ , x x 

X OrLlH'llstern ::-itate::;; 
GOllllecticuL ____ . ___ , _ " .. _ ° 
l'\"ewlork______ .", • xxx.\.xxxxxxx .. 
'.'('fIllOI1L ___ ,, _________ • __ " __ , 0 () 0 0 "rJ ___ _ 

;O-;tlll (11I'rl1 Slat!':;;
Alabama_________ ... ____ . x x x x x _" __ , " _, 

Florida" __ .• __ _ _ __ _ _, " _'.", _ _._ 

Tenllcs~ee • _, _" . , " , ", _ x x x X x, _, 

T('xn1',,, ________ "",,_,, _'" 

" () [) -.. -
Crlllada: 

XC"" Brtlfl:iwick 2, 

X ortlwrn Oil t(l,rio [) o
(luebec _ " () 0 () 

()o - .... ------,,,._-
;O-;outheru Ontario. ' ,. _, x o () () (j 0 () () 0 0 0 __ 0 ___ _ 

I x= \\idespn'IHI on(,brpuk i 0 .."" JO('al olltbreak. 

2 \n(I('~pr(':\(1 oulhrl'ak" occllrre'"l ill UJ22,2;]. 


NATIVE AND EXOTIC HOSTS, AND 

SAWFLY PREFERENCE 


Defoliatioll by the re<i.-lwndc<l pil1f' sawfly is gelwrally restricted to 
hard pinei'>. rIlle fpllwles rtl.1:eJ,r o\'ipof'it on ~oft pilles or 011 oti1PL' 
eoniferouB spec:ie:->. llow("-el', the Jarvae fl'eque.lltly mignlte from 
c;ompJetcly clefolirltc<l trees to arljae(,l1t ktl'd pines,l'tlsteL'Jl lmel w(""ten) 
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white pine, tamarack, deodar cedar, [l,ud Nol'wn.y spruce, 'where they 
are able to complcte their deyelopment. 

\Vithill the eastern half of Nodh AJ11Pl'ica f lw following nil1(>' nativc 
hard pines }mve been attncked by the sawIty: 

Jack pille____________________ (1'inIl8 UUlIk8iu'IIn Lamb.)
Sand pino_________________.,_ (P. clallsa, (;hapll1.) Ynsey) 

Shortleaf pine_______________ (P. cchinata filill.)

SInsh pine___________________ (P. cWottH Ellgelm.) 

J"ongleaf pine_______________ . (I'. }luZustriS nlilL) 
Recl pine____________________ (? I'c8in08([ Ait.)

l:'Itclt pine___________________ ,Po rigit7n Mill.) 

Loi'lolly pine________________ (1'. iorela L.) 

Virginia pine________________ (l'. virginial/.a fi[iIL) 

In addition, tl1e following natiyc and exotic species, successfully eshl.b
]jshed in the eastern half of the continent, have been attacked: 

Lodgepole pine_______________ (Pinlls contorta DongL) 

Japanese reclllilJe____________ {1'. (/el/.sijiol'a Sieh. anll Zu('e.) 

'''estern whUe piue__________ "'. monticola Doug!.) 

Swiss mouutrrin Vinc ___ ~ _____ (P. mugo 'l'urra) 

Austrian llinc________________ (I'. 1/ i!lra. A rn.) 

l?ouderosa piup______________ (P_ '/lOlld('ro.w Laws.) 

Bastern wbite pil1" ___________ (P••~tro/JIl,~ L.) 

~eoteh pinc_________________ . (I'..-}lII:('8Iri8 L.) 

Japanese Illack lliIh~_________, (P. I/Ull1/Jergii Purl.) 

Deodar eellar______ .._________ ((1"(/1'//8 cle()(/ara, ([{oxh.) Loud.) 

Tamurack_________..._______ ({,ul'i;c larioin(l (Du Hoi) K. Koell) 

XOJ:way spruee_______________ ("icea, abies (TJ.) Karst.) 

Northern white-cedaL_______ (Tit ilja ocdtll'lItuZis JJ.) 


rrhe following do til. give the llOst preference o[ the sawfly ill Cils{.erll 
Nol'th America: 

Area l'rflerrell hllst Secondarg /Lost 

l

Atlanti(' States: 


HhortlP:lf pill(' ___ _ 13pal (,11. 

Loblol V P,IIH' -, __ _ i,f:t~t 0':]; ;l~·I)~~~illH'.. Bpal.


l\OI'(h ('Molina • 
 Hhortl('af pill!' __ ._ Cedar (ulIspe('ilied 1_ Ilo. 

Hln~h pin!'_.. .. ~. Hpru('(' (ullspeeifiprl)_ Do. 


Lohlolly pill!' .. _. __ Hehoenl'. 

Yirginia ..... LOllgleaf pine" ____ .. 1)0.
{ Hln.~h pille_ .. _____ _ i)o. 

Lake !=i(a(p;;: 
E11Al'rll white pine__ B(,lIjamin.
S('oteh pillC. ______ _ ])0. 
Al1~trinll pill(' _____ _ ~rcJ)anie1 (..!O).
.J1l('k piIlP_ ... ______ _Mi,hig"" Uo.••.. ti~r~;~;':;__ ;~~~ 

Do.Hed pino _______ ._ 
Hcotch pint'______ _ Do. 
Hwb" mounttlin pill('_ \)0.

JIl('k piIlP_______ • Hpd pine. ______ ,,-. Jrod~on. 
Seotell piJlp __ .. ])0. 

~Iinlle~o(tl, ••. _ ,fnl'kpillc_____ .. - 1{,('d piliP __ •. E ,. I' (' and 
{ Zcilngr:Lff 

( 18). 
Wisconsin c • ____ • {.bek, ,J~i Il~~ .. _ .. - - --- Benjalllill.

Hed l)llll. ___ . _ ... Do. 

l\orCh ('ell(rLll Hlate,,; 


l\rknnf\n.-; __ ..... Swj"" mountain 1l1l('l'g. 

pine. 


fPitch pillc.__ _. ,JIl('k piIlP __... ", Belljlullin. 

Loblo!l:; pi Jl(' •. 1)0.
1~~]~~~I~'~L~ !~i~l~'~ ~ ~= "il'gillin. pilll' ___ _ 1)0. 

• 


• 


• 

[:ipc foot,noto 011 page G. 
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• 
Area Preferrcd ho.,t SeCQlldary host Of)scrvcr 1 

North Central Stutes-

Continued 


LY IssourL_. __ .• __ 	 J3elljalllin.~ I . {S_'_h.o_r,dtlOe'.l.f .p.i.u.c•••• -__-
l\'facAloneI'. 

j-,obi~tiy-pi~;;_:::=: Polivka (is).
Austrian pinc _____ _ Polivka. 
Eastcrn white pine__ Do.Oh;o ... .... _{Sho:~~"r~Pif'r~- JUt'k pine_________ _ 1)0.
Loblolly pinc. ____ _ i)ll,
Lodgepole pine___ ._ .! )u.
Hcoteh pine_______ _ Do. 

':\or( hea~tcrn Htuff's: 
Austrian pillo _____ _ Brit.ton tLnd 
EIl~~Pl"~1 white pine._ 7,l1ppe (fil • {
. Jack PlllC_________ _ J)o.
Piteh pine. _______ _ ])0.
Scotch pine ____ • __ _ Do.{S Id s S /11 0 \111 t. n i n Do. 

pin!'.
XCI\" ,lersey. __ _ Swi88 lIlolininill Pii('hpinp._. ____ _ Boyd (5).

pill!>.
Red pine _______ _ Austrian pille.. . • '\(C'AlltiI'PII":l,
.1Iwk pille. __ . ___ _ Enstel'l1 white pill(' ])0 . 

. Japanese bla('k pin!', Do. 
,Japanese red pill!' • Dn. 
J.otigepolc pine_ _ __ 1)0, 

Pi!ehpinc, _ ---  DI),
I':ew yurk. ____ _ 

• 

Ponderosa pille. __ • i)o.

Hed pillt' .. ___ • __ •. ilo. 

Seott'h pille •• .w. Ilo.
__ • 

H II' i :l S ./It 0 U n til, i n ])0, 
pine. 

Easlern jamarark._ Do. 
. Il\('k pille ' __ .. __ _ 

{

HC'lmlrnr'r ti'~ . 


IFtlstt~rll ~\'hit!' piliP ,_ Will 1.1.11. 

H('ot('h pllle_ .. _ _..
l'clllIsyh-unj,l, •• __ 	 i)o. 
HII"i!i5 mountaill Do. 

pine. 

(.'ongl('~f pille ___ _ Loblolly pill(' • _. ((OIml.
Hlll;;h PlllP ______ • Hhortl('af pille .... Do.

A Inhlunn. . _ _ _ 	 Loblolly pillc __ Lund,
{ HhortleM pine_ , _. ])0.

F;lnsh pille _ _ _ . --	 Do.--~---

[ Longleaf pill(·. _ • _ 	 HtttJd pille .. ___ , __ _ Ti:<sot. 
HlllSh pill(' •. Do.li..~')i~ii;·-l;i;;(' __.. __ : I [('trick. 

r I,'onl!;lea:f pille - ' -. Lohlolly pine .. _ • __ Kowal. • 
'lHII1Sh pIlle;. _____ _ HhorUeaf pine .. ])0.

Loblolly pille •• __ Lund. 
11.'(lllgk~:~[ pinc ___ _ Loblolly pln(' • ]"oIl"lLi.

Loui:;ianIL... _ 'tHIUSh pllle - ____ , _ Hllllrtleuf pine_ J)0.
Loblolly pine. __ _ ,\ IeCI'O 1"\'. rLonglpaf pint· - ,- ],obl;ll)" pill!' , __ _ Kowal. . 

~Rlnsb pine ____ ._ HhOl"t1en.f pill!' Do. 
Dpodar ('('(I III' _ •• 1.1'1('.l~I:~~~ ~~I~~ ~ - ===~ ~ 	 :\ol'\\"ay spI'll (,t.L _ _ .. 

n(i~His;;iJ1pj _ 

. no. 
Loblolly pine .... _ .J!lhn~t()ll. 

Trllllcssec ______ . R,lash pi!)!)_. __ • - .Do. 

• 

fihor(l!'l1f pllle ___ 

o. 

_
{	 Loblolly pint' Zimll1!'rll1lln. 
N_~ __ .M ___• __ w __ Virgillia pine. .1)1),

Texlts. __________ 	 Loiliolly pin!'._,. __ Hbnrt leaf pin{' _ AllriprSflll. 
H('(' foolnl)le Oil page n. 



------

Area Prr!errctl host Secondary host Ob,lertler t 

C:madn; 
HNl p~nc _______ _ :Iack pinc ••. _____ _ At.wood and 

Peck (B). •Onjnrio _________ 	 Hcd pll1(' _______ _ .~:tck pin? __ "_____ _ '''atson.Scotch plnc _______ _ ... _---------_ .... -	 Do.
{ Hed pinc _______ _ ;Jack pinc __ • ______ _ Wcst (34).

Eastcrn white pille__ Do.----~ --HCd pine _______ _ .lac-k pine_. __ .. ____ _ Atwood :\nu 
Peek (2).Hcel pinc ______ _ 	 .Tack pine ________ _ Du.vi/wIt. 

¥astcl'I1 ~\'hite pinc._ Do.
{	 Scotch Pll1c. ______ _ 

•Jack pine •._____ .". Daviault (12) . il=C~; ~)i~~=~====== 	 Do. 

t Information credil(.'d to olJ!<l'I'\'crs whose nllmcs are not· followcd uy JileraLlIl'C 
citations WHoS i I1kl'n frOIl\ l'cc~ords in the files of the Dh-isiol1 of J?orest 1n:;('<,I; H('
Bcnrrh, Lake HtnLes 1<'ore,,1, EX])('J'iment Station, St. ]':wl, ;\:fillll. 

In i\lichigrtn, :MimH'sota, :mel ,Vis(,01Hlin mixl'd ronds.id~ pla,ntings
ja('k; pine is gellerally eomplt>tE'ly (Iefoliated before adjacent reel pilH'. 

t 

i" n flurked (ifJ). Isolatcd jack l)i IlC tlC'eitiC'nhl.lIy pllll1ted w.i thi11 sol it! 
1»10(']"; o:f l'Nl pille is also comm()]lly defoliat(,(1 bcfol'c t:he red pine i~ 
attaeked. This preJcn'lwc :forjnt'1\: pine ill till' Lake Stn.tesis lik('wise 
munifest; dtll'inf!,' intense olltbn;aks when both jlLek and rc(l pinn :ll'l' 
infestpd. }·'Ol' l'xnmple, in 1!lJ8 in cl'ntral :Michignn 'where n, pure jnck 
pine p](lllting' adjoilled ,\ l)'lII'e 1'Nl pine planting, nn average oJ (Ui, 
~.O, (tnti ~.T 'Btlw!:l,\' ('010ni('8 \\'('re. 11l'eB('nt pel' :iack pine in the !irs!, 
;;('('on<l, nnd third 1'OWH nH comp:u'ed wi t11 1.5, 1.2, anclno sawfly ('olonies 
per red pille in ('ol'l'esponding rows. .• 

In ROll them Illinois, Sh01'tlPflf pine is the prl'/'C'ITC'd ll()st of the f:;1W
fly. i:)e]clom are otht'l' ha1'(1 pill('s ai:tnekecl 'when it is present. In its 
:lbsPllec, loblolly, pitch, all(1 Yil'ginia pines 1Il'cillfested. This Pl'c:fCI'
('n('(' fol' shol'tlpaf pille was w('11 jlJustratt'd at, Glcndalc, Ill., whp1'e 
the sl1wffy fnilp(l to altn('!':: a pilch pine clump gro\\'jllg w.ithin a he:l\'ily 
infpstp<l shortll':d pillp plalltillg (fig. 2). 

SYNONOMY 

The l'P<l-1lC'adpd pille s:ndly wns dl'scl'ibedl>y F.il cit (1.0 as l:oph.IJ}·Wi 
I('('(mt(:i~ H.nd. de Dalla Torre (10) listed it lll}(]el' the g('J1US Lo/,h.IJI'U8. 
HolmPI' (;If/) l'('yi~cd th(' Dip"ioni(ln.C', and er('cted tlle g(~IlUS iYeodip
rio//. using: the spcei('s L h('()lItei Fi tell as the g:enotype. Atwood. tLlld. 

P('('k (J), ill n taxollol1lic tn'atll1cnt of the Cnwuli:lIl sn,wflies of UH' 
gt'1l11S A'('od ipJ'ion. lisLY. hco)l't'i (Fitch). lV. /('('onll'i C/j'it('h) is nIso 
('ifed in n, rl'ePlltly ]lllb]h~Jll'<l ('h('('1\: Jist of thp, family Diprionidne 
(';\fupspbeck, ettll (ZJ)). 

DESCRIPTION OF LIFE STAGES 

/)N-;('l'iption~ of the Jar\"(\(' tllld a(lults or tllt' l'f'(l-ll(':tded pille snwrly 
ll;l\'p, I)(\('.n publishC'd Ilv ,·'Heh (J.n, nliddll'toll (::1), and Alwood and • 
p('!'];: (.3). For this ,:p:tson only Ill'ipf tI'P:l.t/llPnt or (llI'sl' singes will 
Ill' ~'i\'PIl 11('1'('. 

http:ronds.id
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Figure 2.-Group of pitch pine Ihal escaped red-headed pine sawfly attack during an 

epidemic in Ihe surrounding shorlleaf pine planlation, Glendale, III .. 1947. 

AnL'l:rs 

TIl!' aelll" I'l'W:tll' i~ I,:ttlu'!" l'olJ1H alld fl'oll! li.!llo ~I.:. 111111. III IPIIL!:llt 

"i!!,:\..1 I. TIll' IIPad alltl d(lI'~lIlll.,r Ill\' I llfll':t \ :11'1' I'lIr"/'I'J'J'IlUiIHIIJ~, 
Th!' :t!HlolllPll j~ 1.]:\(,1\ \I il I, !lIP IPllt ntl :t~pp('I~ II/' lIlt' 1I'I'!!itl'~ \lhil j ...lI. 
TIl(' Ip.!!... ;r I'l' 1\>JTllu'i 11011", II iII I pn 1'1 II r lIlt' r('lllll r~ :11111 I ,:t,..('~ (),. II It' ('O\:l I' 

l,]:\!'ki~JI, TIlt' \\ill!!~ an' lill't'Oll~ aile! ~llllll\:dil'p \litlt d:ll'k ,plInljoll. 
'I'll(' :tlll!'lIl1tlp al'p ~I'JTatl', 1:1 joillll·d. :11111 'I,I:\<-/-. Tit!' adllit IlIal\' j ... 
,..lIndh·t, tllnll 1111' rt'Il!:dl'. 1IIP:I .... III·iIlU· f"(llil :,.11 1(. Ii.:. nllli. ill 1('11!!1l!. i... 
<'lltil'('ly ld:l"k, ;1 lid JJ:l~ [:1 jO!IIIl'd l.i]H'{'1 illa!I' :11111'1111:11'. 

EGGS 

Till' l'!!U·... :11(' /11:11. 11,:.11111111. IOllu ;II"III.~;. 111111. 111t11'. \\illt:l 111111. 

llltiJi~h. "111011/11, ']lilli~I!!. tr:lll~hl"PI!l ~II .. II ,:11. '1'111'\ at·" laid ill 
dh idllalll III :t 1'(,11 "I' ,..Iil" ('111 ill IIII' I'dl!(' "i' till' Ill'('dl~'", l/ill, :\. If I. 
'1'111' ~"f),: ... h:lJH.t\ I'!.!U l'",'k"I~ :11'1' "'iI r:lllll'l' I'I"~I' 11Ju:,'!Itl'~" IIt·ill!! 
~1'l':ll'lIll'd fl'Olil 1':ldl OIlI!'I' 1t,I lilli' I IIiI'd III !l1Il'·It:df IIIl'll' I""!Llll..\ II 
1'1!g-" !:tid I,y 11111' ('''Ilia It' :11'1' !Ll'lIl't,:tIl:, UTIlIlJlI',J lilt 11I'I'dl,,~ (Ii' a ~ill!!It, 
I II i!!. 

• TIll' ":I\\lh 11:lldll,,:\,,:t ~IJl:tIlI:tI'l:I.:! II);' IIllll.1I1m!', 1\ ill! n 111'0\\ IJi,,1t 
tl':tll"P;tl'l'lIt'lt!':ltl ":lp"'l1ll-••\ ... il r"l'd~ :11111 IIlfdl .... il" l'lId~ II'II!!!II 
illl'l'pa"l':-. alld 111"·lIltll·... "lml Il'd . .lilt! illl' Ill'ad ":tI'~IlII' 10("'111111" !.!Tadll"" 
nllr I:II'L!:PI' :tile! 111(,,'(, orall!!" I'"d. TIll' ["ottl'lh :tllll lil'lll ill"l:!I'''. lit!' 
1l1,;:,1 1'1'1'(1'11'1111.1' I'W'IIl1J1Il'l'l'd ~I :tL!:(' .... ha 1 t' :t I'll /'fl 1'1'1'1'1l!l'j \loll'" III'ltd 
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capsule with black spots surroundiug the eyes (fig. 3, 0). In these 
stages the thorax and abdomen are deep yellow to pale whitish yellow, 
marked as follows: 

1. Prothorax ftncl abdomen immaculate aboye with n. double row of 
black spots extending from the mesothol'ax to the ninth abdominal 
segment. 

2. Second row of snpl'aSpiTnculal' hlack spots extending from the 
mesothorax to the Ilhlth abdominal segment. 

;3. Third row of spots on HIe dorsal aspect of the spiraculal' aretl 
extendillg from the mesotJlOl'tlX to the ninth abdomina,] segment.

+. Fourth 1'0'" of spots frequently present on the epipleurnl area on 
nbrlominal segments 1 through 8. 

5. RJnek patch on the epipl'oct diyjde<1 by n. ] igllt median ]ine. 

COCOONS 

The red-brown cyliJl(lrica1 cocoon is tough, sing1e-walletl, and 
pttpery wi th rounded enels (flg. 3, D). Female cocoons arc 1n.rgel' 
than male cocoons in t1le following dimensions (Bl) : 

JA'ngth (mm.); FrtnlllccQCQolt ~rlllc cocoon 
Ay<, ragl' _ _. _ ... ___ .. _ ____ . _ _ _ ____ __• __ 10.3 7.5 
Rnnge. __ •• ' ___ • __ ..... __ . ________ . _ . ____ _ 0.5-11.0 7,0-7. S 

Diameter (mm.):
:\ w'ragp _ _ _ _ _ _." ______ • _ ..___ • ________ _ •.1. G 3.•J
Hang<'_________ .. _______ - _____ .• ____ ._. __ _ •.1. 5-5. 0 3. 2-3. 5 

LIFE HISTORY AND BIOLOGY 

11'1](' sa wlf.r o\'prwi 11 fPI'"i 11 flit' ]l1'PIHI]l:tl st age enenspd ill a toenOIl 
"PUll in the litfC'r or soil beneath tlw infe;;;tp(t freps. Pupation oeenrs 
S0011 aftel' thp. 011Sf' t· of ·\\":11'111 spl'illg- wpnflwI" Hlld pmel'gence 0:£ the 
ac111Hs follo,,,s ill n· fpw ,ypeks. 

To NiCHI)(' from its ('O('()()1l the :1(lnH sawny {·hl'usts 011(' mandible 
through it and, ,,,hi1e usi]l!! thl' other m:1mlib1e as an ('xtended anr.hor, 
mnk('s:l. short slit hy lll'jllg-ing- thp t\\"o 111<l1Hlib1p8 togetlH'l' ill n, p1iPl's
li1m ndloll. 'I'll(' sawfly I'o(n/'(,;-; itself ns it (,111" a Cil'elll:lI' hole>, allll 
C',sC'tl]lC's ",11('11 fhp !toll'. 'is of slIl1i('il'lIt :-i%('. Fig-III'pl illustl'atps the 
(,l11el'gplI('p ho1rs ('U[ in I Ill' ('1](1 of fl'1l1ule ('MOOnS by til(' ad\llt sawlly 
and (hosp of two commoll IHIJ'Hsi[ps. 

Mating i:1k(',c; pJn('(' ill1llH'rliatply a I'U'I' PIIIPl'gpI\('P. :lIH1 O\'ivosit iOIl 
j,pgins n shorl timp Inlpl'. '1'11(1 P[!gs hat('11 ill :1 to ;) \l'Pl'ks. d('I)(llldillg 
llj)()ll tlw /P11l}Wl'atlll'P of' thl' pal'li(,lIl:u' ;t1'(,1I. Fin' fppdillgin:--In.l's 
allcl 011(' l1ollfl'Nlil1[! ills[al' <11'P pm·N'd t111'ollgh prior to spinnillg of the 
cocoon. ' 

A singlp g-Pl1C'ration ]ll'l' yl'fll' O('CIIl'S ill Cn.nl1(la and .in the 110\'l]lel'n 
part of t.hC' rnit('(1 StatC's. In Xew York and ]ower ~[i('higHIl onc 
generaUon is l'olllpll't{'d ana :t fC'w sl'l'ollc1-genpl'ation :Hll1lt·s may also 
emerge. "\t, East Falls (,hl1l't"h. Ya., ;l. l'athpL' ('ol1lp1cx life e,Ycle 
included two g"l'lH'I',l(i(l11s in wh.i('h till' lift' of' a single colony \'Hl'iNI 
:1'1'om ] 2 to 14: months. dp]lClld i ng OJI (hp ti nIP of pgg (lPjlosition (2/). 
In Ohio two gel1PI'n t ions m'l'P repol'tpd by Pol ivkn. (;2,». III SOli th

• 

• 


• 
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• 
Figure 3.-Red-headed pine 	sawfly, A. Adult female; B, eggs; C, larvae; and D, <ocoon5

female on Jeft and male on right. 

Figure 4 -Cac"ons from which 

adult red-headed pine sawfly and 

their parasites have emerged: 

Phorocera hamata A. 8. W, on left, 

Spalhim!.';genic spinlgera Tns. in 

the center, and fpmale sawfly on 

tight 


• 
1'1'11 fll!hlli~ t \\1. ;lL,1 a 1"11'1 ::11 1!lll'd !!"I.I'l'alllll1 I"'!' ,\1':\1' 1I/"'111TP'] ill 

I!Jj7 alfd l:rl', F'Jlll (II ji\!. !!l'llI'lalj"I!- 1"'1' Y":l1' \\1'1'(' I I'f '''l'1 I'd fu!' 
t!w"",,,lttIJl'a-Il'J'!, 1"11'1 "flltl' lll:tt·.j ;:-;ralt·-lry lTplri,'k:awl tltt'I,pp111", 
!!1'1H'I':tlloll- I),' 1\1l\\:11. 

J, Infurluariflfr ft'nfH n.rTI .... l1f11Id,··.fl ;IIHi '.Hqd;iij·;"')lf'd !'.'f'li·nl ... ili 1111' Hi'''' nf tlB"' 
!)hi"'tt'u pf }'pf'"... r J%J .... t·.·! Hf· .... '.nt,L. L;,il.'· ~!,;,1'I'''' I'-"qI"i''''' r:\.Jf( ril1H"ut ~tatioH 
:-:t l':t!li, 'HIHi. 

http:l1f11Id,��.fl
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Varyblg periods of dhpause, often carry the. prepnpal sawflies over 
several years. Diaprwse np to 5 years was reported in Canada by 
DrLViault.5 Among larvae whose cocoons "were spun dudng the. .first 
week of August, 17 percent "-l'ut into diapallse, anc1 among larvae 
whose cocoons "were spun in late September, 1T percent ,\'e1.'e in 
dinpnuse. III the 15 IannI collpctiOlIS rl'arecl in IlIiJlOis in ] OH, 
~k2 percent of the sawfly Jarnte ,,,enl: into c1iapflU>'c during the first 
gt'llcration and DO.4 percent during the second generation. Only 
1.3 percent o:f the seconc1-gellel'ation H)'!:T sa,\\'fties fn.ilec1 to mnerge 
in 1D48. 

The period of aclul,t activity Yarips tilrollghollt Ille rallge of tllis 
inseet. Although the oYel'nJl length of OJ(> emergenee perioel for 
the adult clifl:ers from year to year, the peak of emergence did ]lot 
yltTY more tkm 1.0 to 16 days in norf"heastel'll TTnited Statl's CSchafl:
ner and YOllngs).5 In Quehec the. emergence period was relatively 
~hol't and the elates of adnlt appearance did not vury much from yeaT 
to year according to Daviault.,5 In southern Illinois first-generation 
adults appeared the first ,Y('ek of May in IfH7 and 10,~8, and the Iwak 
of emergence oCC'lll'rNl t.he micldlc~ of the month. Second-generation 
adult emergence. begall nl'olmd mid-July and continuec1 info the thinl 
"week of AlIgnsL 'I'll i rd-!!.'pnprfl tion adults 'YCI'e observed about the 
15th of SeT)tpmher: sh'agglel's conlillllec1 to appeal' throllghout fl1l' 
last plnt of October. TIll' life eycJe in southern Illinois is presented 
in figure 5. Emel'gPI1('P of adults in lo\\'el' Jfichigan hegan Ihe fil';':!; 
wppk of ,Tune from 1!J·1(i flll'OU!!.'h 11l,W as ilJ\I~trate<l in figure 5. TIl(' 
penk ,nlS passed nit' mi(ldle crl' the ll10nth :.llld (,1l1l'l'gl'11('e "WaR COlll 
ple(('rl hy the end of JUlle. 

MATING 

J[ali ng gel1Pl'a ll.\' occurs quite soon nfiPl' (he adults l':"'(~:l1H:' I'l'(llll 
the cocoons and emerge from the soil ben('ath the pilH' host. ]i'pIl1111('s 
are monogamous; male" "-.ill 111ft te a second ti me \yhrn ofl'ered the 
opportunity. The follo\Ying information ('ollc('rning (It(' muting 
habits "\\'as obtained. by obselTation of l'C'tu,t'(l Slt\dlie~ l'l'lPfls('(lill 
sOlll'herll Illillois in "\ O,1'1 anellU-IR. 

Virgin fplllules l'('lC'asP(l on pint's during the nlTult :;nwfly flight pe
1'io<l nttl'nete<llal'W',llIIllll]('l's of mall'S. JI' mating di(ll1{)j 0('('111' illl
1Il('dialrly, tlw Tpl11:de. look a position lW:U' 111(\ ('IHI of H. pine I1I'('dl(' 
willi 11(>1' ahdolllC'1l IowaI'd [he nl'C'(lle lip, Malt's ndi\'pl,\r SC':lI'('il('(1 
Illp iIllIl1P(li:1Lr Yicinil,\'. nppl'(J:lcllillg frolll (ile lee sidp. 'I'll(' fplllale 
gl'IlPI'all.v I'PllHtillP(1 fll,ipl, ofil'n within sighl' of tlip mall', t'h':Ining' hpJ' 
:l1IiPllll:lP, Ipg~, alld WillgS. So ai.tl'lllpt was made hy hpl' to ('apl Ilre 
n I1lnte. If scv('r:d nulll':", Pl1c(lllnlel'('d lInl' sil11ulttUleouslr, "he fiutleJ'f'(i 
hpl'wings, then np\\, to :~ nl':lrhy II.'('e: I1w mn lrsillnll'i~ll)ly :followed. 

Mn ting o('Cl1l'l'C'd "'ithollt ('Olll'i sh ip: Ihp lila 1(' :.tj)[H'onehecl fl'om /"lIe 
:tl1teriOl" el1d. Copulation "'as :l('('olllplisilt'd ('sst'lltin 11y ns d.eserib('(] 
by H01l\YPr (J.1). Tn I IJ is s[ ud.\' ill s()Hthl'l'11 ILl i nois, ('OIHllatioll UVl'r
agl'd:24, minutes witll :t l'tlllge of ]0 to -If) lllilllt!es :/'01' 8 ohsel'valions. 

Co Spp footnote ·1, p, n. 

• 

• 

• 
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SOUTHERN ILLINOIS• JAN FEB MAR APR MAY JUN JUL AUG SEP OCT!NOV DEC 

FIRST GENERATION 

COCOON 

ADULT I-
EGG I- i-

LARVA I--
COCOON 

SEC 0110 GENERATION 

ADULT ~ -
EGG -I-
LARVA ~~ 

COCOON 

THIRD GENERATION 

ADULT ~ -
EGG t-
LARVA -....~ 
COCOON .~ 

t---.• 
-

LOWER MICHIGAN 

FEU_~._••._~~N MAR APR ~rJ:~~~.L.l~U~l::~~~lN~±::' 
fiRST \iENE RATION

f------.•- -- ._. .-
COCOON 

.-~-

-~-~- f-.-- f-_. 

ADULT f-:;: 
_.. 

~--- - - f--.-. -1---

---~------~~-- -- I---1--. -EGG --l=~+--+- c-- ----
LARVA 

.....- .. ~ -..- - .. -'-~_·t-- "'rCOCOON 
- , --" - ..- ......... 1. 

PARTIAL GENERATIONSECOND 
c· .- .. 

COCOON 0+-1. r 
ADULT t--I 

!EGG I -t--I-

LARVA I -l

• I 
Figure S.-Life cycle of red-headed pine sawfly in southern Illinois (1947-48', and in lower 

Michi.gan 11946-49'. 
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OVIPOSITION 

O"iposition often begi lls\\'if"h i Il iJ III i IItll(';; :dtl.'r maling has been 
accomplished. Needles o£ til(', ClllTPllt alld pn,,·jous yetu·s are selected, 
and in one instance a needle bract ,vas used. Needle selection, after 
a suitable site has been chosen (see page 32), follows [I, regular pattern. 
The frmale examines the needles from base to tip until an accepta.bll' 
one is found. TIllS I!eeclle is palpatnd to about it·s midpoint wltel"(~ 
sltr, ::;tops [wd backs to its ba.sp. ~rxt [lll ineision is lltacle with lie I.. 

ovipm;itol." slightly in :from the edge on tlte Jlatinner side of. the needlp. 
Aftel." a few cuts ha ve been matle and the needle appears satisfactory, 
the lancets are wit.hdrawn from the small slit and one step is tuken 
toward the tip of the needle. Here the egg pocket is cut by inserting 
the lancets to their maximum depth, and enlarging the egg pocket 
Jamllel to the round :face of the needle (fig. 6, A). Immediately £01
]owing the completion of the egg pocket, the lancets are slowly moved 
back through the egg pocket and the egg .is deposited (Hg. 6, B). 

A:fter ,til egg is deposited, the fenn1e 10'wers her abdomen to contact 
t.he needle, :folds her o'liposito1: into phce, and raises her abdomen ue
fore ta.king a step forward to begin cutti ng the next egg sli t. hreg
ulnrit;ies in spacing of egg pockets are clue to her slipping cllll"illg 
initiftl sawing and ,,'hen slic cle:Uls debris :from her antell.llae and legs. 
Acee-plttnee of the second (1.1)(1 subseqnent needles follows the :foregoing 
pattern; a1 way'" the initial cut is made at the neeclle base and almll
clOlWcl before cutting is undertaken :for the first. and subsequent eggs. 

lVhen the egg snpply is exhausted, the female walks to the base of. the 
Jleed Ie in ,,-hich her lnst eggs 'were laiel. .As if to guard her egg 
batch, she remftins there in the shelter of the small twig until she dies 
or is ca ptured by :mts 01' some other predator. Females Jive an aver
age of t.1:.5 days, with a range of 2 to 17 days, and males Ii,-e an lLverage 
of 0.2 dnys, with n. range of' 1 to 17 clays (DlWilllllt).5 

FECUNDITY AND SIZE OF EGG BATCH 

Fpllwles l>lllerge :f1·OIll their cocoons with their complement of eg!:?:s 
ready :/'01' Jed iIization; additional eggs are not lllatured. ' . 

)licldl(~foll (::1) repOI·ted that all lInspeci·f<ietl number of ('aged ft'
llta]cs hid Hll ll,'erage of S~ eggs pel' batch with a runge of 2;) to l7B, 
Hnd thfLt (j virgin females had an n\"el"a!!e of l;~n eggs in th('ir oYnri!'s, 
witlt a. rnngp of 58 to 2l~. Thus, 57 <.'fEg::; on llil :lI'er:t!!C we!"e .lIot laid 
hy tirps(' fenHtlc~suwflies. According (0 D:l"iault" SO ep:gs Oil an aver
age WPre laid ]ler mate(l female wiih :t maXitntllll of 123 (\!!;g's, and !);:; 
eggs p('r batch laid by virgin fl'llwlps, ,villi it JlIaxinlltIII oC24·J eg!!s. 

Eggs per batch J()): ",jI(l f~'n'l:tle slLwflic.:; C'ollcetcd ill sout h('}·u III inois 
averaged between lOS a,nd 137011 Sll(lt·(l('uj' pine, 102 ancll:~8 on pikh 
pine, and HI on jack pille (table :2). FOlll" virgin -telltales laid :t.n 
[LVcl·age or 1:37 eggs per batch on shol.'tJenf pine dUl"ing the third gen
eration in ID'J7 a.nd an avcrage of ]21 rllll·ing the first genemtiollin 
] 94:8. Colleetiolls j 11 :;'\:rieh igan n \'er:tg(~<1 lUi cggs PCl" b:lteil 011 red 
pine and ]08 on jack pine. 

r. ~('(' foohlOtr ,I, p. n. 
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Figure 	6.-Female red-headed pine sawfly: AI Cutting egg pocket in shortlea! pine needle 
prior to ov" 15ition; B, returning saw through egg pocket and depositing egg, 

• 

1n lililloj:, ~l ('I'lll:Llp :':l\\'Jlip:; ,',dJl'c(p,l tlltl'ill~ t 11(' I':I!!I' alld lil'ld 


:,illdip:-.had:tll ;\\'Pl'agl' of:: ('!!.'!!:' in (Iwir ahdolll;'I):' tll"'.'I: litl' "()IIlI'II' 

riou of (Jripo:,jlioll, 111 .\li('lti,~lI11 :2 (',1l"!!:, JlI'I' f(,lI1<lil' Oil :Ill a\'I'I'a~l' 

\\"1'1'(' di:,:-(,(,tl'd frolll ;j /'('lIulil':' nrtPl' o\'ipo'itioll, '1'11\'",[' :-llttiip-.; ill

dktlll' n 11101'(, ('()llIplp(p ('!!!! di;,;clrHI'!!l' lhnll litt, ;J'IIIIl1.tid ('g'!!:, I'('porll'd 

by ,\liddlPlolI (.!1). I'o:;:,ibly hi:; ,-(JIII'I'1 ion:; \\PI'P 111:111" priell' to I hl' 
com pjpt ion (J r oyipo::.;it ion. 
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'l'ABLE 2.-.fiverag€ 111lmlbe'l' oj 'red-headed 1Jine 8011!fly eggs per bCLlch on 
three host species, Shaumee iVatiollol Forest, nz. 

I (;cnera-j'--Egg -r-;~~'IAvcr~~e eggsHost species ano year tion batches! ~ggs f per batch 
----------,-~-I !;-------- 

1Hhortleaf pine: I , Number X1l'l11/)er Numberj]947._ 3 101 la, 900 la7. of: 1.0 
I ; Xli 0,311 ! 

I 
lOS.3± 2. () 

~ .. 804 ]1,1.8+11.7I 
:l ] I I I, ·181 13·1. !i± G. a

:Pjtch pille: I 
H)'17. _, _ I2 I lax lA, 17S 102.71: 2.7 

3 , 2 27G 138.0,
19·J8_. _ II 1 11 1,4S·l ] 34. OJ:. 21. i) 

2-a I 103 108. 0 
] 9·l9 .. _•• __ 2-3 2 224 

I 
11.2.0 

Jac'k pille;
HHL __ 2 10 1. ·./10 1·1 l. 0 ± I 3. ;~ 

NUMBER OF EGGS PER NEEDLE 

In ('auada tll(' l'E'd-hPfld('d pine ;;lndly hid an t1.wrage of ·,j.T egp:::: 
pel' jaek pill(, 11('('<1]CI" with :L m:txillllllH of l~. and 8.:" IW(" 1'('(1 pine' 
He('dl(', with a Ilwxill1urn of ;Hi tDa.,'iault).5 .Atwoo\l and ]\'C'k (3) 
report the l'tlllge of l'g'!!S P(,I'I'(·<1 pilH' 11(,(\<111.' llS from 10 to !30. Tabl(':l 
}ll'cspnts similar fita ti;i ito!' fol' :;()lIthl.'l'll HI i Ilois lUlll low('I' 1Jieh ip:ll n. 

'I'A BLE 3.~\.l'l'I'([[I(: 111lmbrr Id rtd-l/(-ar!al pille 8UlIjly eggs 1)(:1' 71('('(116 Olt 
t'ario/lS /io8l slJfcie,'<, Illillois and Jlichig([71, /,947-48 

I AYcrnge ofE!!~ )\e('dlptl. C'ggs per, batches' 
uN'dle _........ --.-~."'-.- -. ..~. 

1 

NllII,Wl1(,fJ Xali()nnl }'OI'('!i(, 1II. Sum1lt't ..\·umher ,Slllllho" jVUlIIutr XlIIl/ber
.Jack pinc. __ "_'_"-' J() ! 1, ',110 222 I Ii, I 2 
Pit ('h pill{' _,. _'. .,. ." las t II, liS 1,2·15 I II. ·1 I 27"t 
Nhorlh·:tf pi 11(' iJ !I, (j(jii 1,0:35 X.X 2 al 
Vir.g;illi:L piJJI'_ I 221 5, (jI ·IU 1··10 

;\r:lIJi~I('C KatiOllill FOJ'(,:-It. 
J\rieh . 

•Inek piJw ... , la 2. (J05 I 27fi 7. t) 2 In
Hed pine, _._ J:I I, iil:i I laO 10, !) ·1 :t'iI 


I I 

EGG DEVELOPMENT 

St~wJl.v (lgg:-> dc\'{\]op ,,-jthin the pi ne. llN!(lll', grad lin 11)' swell ing and 
J'rH'clng tllP ('dg('~ of the l'gg pocket-npart. 'rllP ]('ngth of t:lll'illcubfl
tion IJ(\l'iod dl'llPlld;,; upon the 1l'IlIP!:'l'atUI'l' of thl' pnl'fi('nltu: l'('gion. 
1]1 (.J.tld)c(· il\('lli>nliolJ n \'cl.'ngNllwtw('(·n ~:3 Hlld ~(j days (Dayiault) ,ll 
w]}(,l'cas nt, Ea;-;t :Falls (,huL'('h, Yn", it ll\'crngp(L ~L d'l}'S nt :l 111(':1.11 

:, )0;('(' footnotp .J, p. n. 

• 


• 

• 

http:111(':1.11
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• temperature of 7P F., 18 days at7-:l:°, an<113 dnys at 78 0 (:21). In 
Illinois incubation averaged 20 days with a range of 1::3 to 27 days 
during the first generation, 15 dnys with a range of 13 to 21 dRYS 
during the second generation, and 2+ daYH with a range of 21 to 36 
days during the, third generation. Eggs laid in 'Nuvember did 110t 

hatch during the third generation period or the next season. 

LARVAL FEEDING HABITS 

The first-instal' lal'\"ae escape from th(' egg nnd 1I('e(l1e bY"Tiggling 
out bebreen the edges of the egg pocket. Prncticn,lly all 1anHe from 
eggs laid on it single needle hatch within a short time, The egg hid 
first generally ha fches fll'st and the lill'Yae a ppeHl' in approximately 
the order in which the e!!gs were laid. Fin fN'cling instal'S and one 
nonfeccling instnr are passed through by the sindly bln'iH,'. The dllm
tjon of these, instars varies according to t'lw temperature. 

• 

First-instill' larvae feed on the needles from ,,-11i('11 they hatch or 
on adjacent needles. They che\y small ragged notches in'the edges, 
generally taking but a few pieces from any OIl(', The progeny of ea,c.h 
female feed as 'it gregarions colony, ~bl)-ing Jot' I'll(' 1ll0st part in the 
yie-inity of the oviposition ~ite in an IlJll'XP()~~'<1 locution. _\./'tel' t.he 
l:nTae molt. I'he colony either moyp~ a ~hort di~tall('e from the egg 
site and continucs to Jeptl on t'he lmn'r siciP of till' braJlch. 01' it, 1l10\'CS 

to a sheltered position dirt'etly abo\'(' its egg ~it:e, The sl'('(,IHI-instar 
larvae do noticeable damage ",hen tlll'y strip thl' e(lges of till' Medics, 
leaying only the ('('lltrnl \,;1::,cnla1' ti;;~up whi('h :-nOll drips and appears 
as reddish. stl'aw]ikc' lllnS~es (Ii!!. I), TI1\'};p ~t 1';1\\'1 ike fl:l!!.'s a l't' \'isible 
from a considerable clistancc al1~l arp tlH'refnre IlH'flil dlJl:ing jll'p"IH'ay 
population SlllT('YS, ' 

Figure 7.-Slrawlike remains of shorl
leaf pine needles resulling from the 
feeding of s"cond-inslar larvae of 
red-headed pine sawfly, 

• 
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After molting n. second time, the }arvne gener::Llly ascend the tree 
to feed on the needles of the leader and bran('11 tips. Third, fourth, 
and fifth instal'S feed voraciously in ,,~eJl-exposed positions on the 
tree, often in groupE> o:r 3 to J per needl(', They ('onsnme the entire • 
needle a11(1 frequently chew cllp::;haped holes in the tender bark. 
As a colony, they move f)"ol11 the lender to a branch (fig. :3, () and S). 
No apparent pattern is followed in the choice of this next branch. 
Often a colony will pass ovel" se\~eral111lc1efolinJetl branches fo select 
some ,yell-exposed distant branch for its feeding site. 

• 
Figure 8.-Red-headed pin!! sawfly colony feeding on red pine. 

Injury to luu'd pin!'s "('suIting f"OIll saldly defoli:ltiol1 is often 
seYPl'e dlll"i nf! C'pidl'll des. Thisi::-; t rlle p;;lH'eilllly when young pine 
p1antn.tioll!-l are attad;:p(l. If tIl(' lal.Tae ("011;;11111(' nil of t'he needles 
before tIlC'.)' ('olllp]('f"C' tllC'ir f('('dinp;, tlle.\~ may TeaTe theil' stripped 
host to seek adj:t('('nt pinl's 01.' otilpr ('o]lifel"olls speeies. ~~cfore this 
oecurs, Illll('h t'('IH[('l' b:u'k may lw <'onRlllll('d by the starnn~ JaL"vn.e. 
Defoliatioll of :-;p('ol)(lnr~' hosts is fre([lH'nUy severe, thus greatly :in
cr('u;;ing th(~ injllry nttrilmtabk to n, singl(' sttwfly generation. 

LARVAL MIGRATION HABITS 

Little infOl.'mation is antilable ('oncC'l'ning the migl'aJion habit·s of 
red-headed pin(' sHwrti('s, the di!"hll1r('. they ean tnLYel ;;lIec('ssfully, or 
how thE'Y ltyoi<l lJllfaYo,',L!,lp ('(lIlditioIlS t'neollni:C'r('(l ('Ill'onte. To 
determine thC'i,' IIligl"HtiOll habits and the damage tll(\y arc capable • 
of jnfLicting oat-hC'il' JlC'W 110Rfs, stndi('s w('t'e. initinJ('d. in lower ~[jchi-
gan jn H.HD. In tlll'se st'II(lit's, knowil I1UllliJC'I'S or eoloni('s of second
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instal' larvae were introclucec1 011 jack and red pines, and daily observ.a
tions made. The smallest trees artificinJly infested with the htrgebt 
numbers of colonies 'were stripped of their foliage first. Examina· 
tion of each artiH.cial1y infested tree and its neighbors inc1icated that 
larval migration did not begin until clefoliaUon of the host trees was 
complete anc111, consjderable~unount of tender bn.rk was also destro) ed. 

For convenience of orientation 1tllcl to maintain orderly records of 
the rate of defoliation an(l ]a.nal migmtion~ the study areas were 
plotted to scale (Jig. 9, A and B). 

ERch tree was indicat<:cl by a number conesponding to the l\umber 
of colonics introduced, :lllcl :t lettcr indicated thc' rcplicate. For 
example, tree '.b-C was ,L fom-colony tree in the (-hircll'eplicnte. Non
infested tl'eesin the plantntiOll 'were 10C'ftledin their appropl'iate 
row (indic.atc(1 by capitnlleUel') tmel itt their measured distitnC'e. from 
llll established baseline jnclicated at each side of the plantation study 
area, Thus, (l trl;'e IO<:llted in ritc' 'fourth ro,," -12 -fpet :from the basc
lilw 'was referred to ast ree D-i:2. 

In the sand-blow study arca of I-foot jack pine (fig. D, A and 10) 
21 colonies of seconcl-instal' Jal'nlc \\"el'e liberated: 1, :J.~ amI ·l colonies 
Pltdl on:3 tn'es of cOlllparable folia~e ehn1"aeteristies. 

• 

Soon nEt{'l' t11(' initial host pines were :-:t:ripped of tllPil" foliage, the 
1a.1Tae migraterl to neal'b~' h'PE'S to continue feedillg. L:uTne estab
lished themseln's Oil ,~ lll':tl'by pines \\"11('1"(' they e:lllsed YaI'Ying de
gre('s of (kf'oliatic)1), <l('lwnding on the size of 1lle In.l'vnl population 
reaching the tree. Eighr(,('ll 0:[ the se('ollll:l1"), host pines sustained 
defoliation jn ('xcess Gf ~:) pere('nt; ·1 of the 18 were eompletely 
btrippNl of their :folipg"c'. J)ishlnc('s as gl'('at as If) J('et w('re tl'anl'sed 
nel'oss the sand. _\ltltough no apparent time Of lllipl'atioll patterll 
'was eyidplli:. the ]arne (lid tt'nd to fo11o\\' one al1otlwl' as Hid('nC'E'c1 
by the appC'tu'al1c'c of 1;iO la1'"ae 011 n single' nenl'by tTN'. H(,ll>'), mor
tal ity HllJong l1ligrati n,!!" 1arn1(, oeculTe<l ,y]wn a ~lIdd(,1l ell'H ring of 
the cloudy sky rp"lrltl'll in the p1('nllion of sanrl-:-:ul'fncp t(,ll\perntul'(,s 
to appl'oxinmt('ly 10;;' F. which j:; abo\'e. Ilw criticfll )('\'('1 (fig. 11). 

LalTHl miQ"ru11ts -{'!"(JIIl :2 naturallv inj'ps(l'd s:lIl(I-blow :11'(':1:-; of 
]-fool jack l\inl' 1'11('('.('"sfn11." ('sblblish('(l (h(,I11:-;(,1\'('5 IIp l"iJ 1:) :f:('et 
from th{'it: host tT{'C'. On a 11(,llrby stlldy al'('it 1 llll'\'lll'paell('(l fi pine 
5 i'cel fl'OIll itB initial host:: ,/::2 l:uTfll' suecull1lJect in a sallel d('pl'essioll 
wh(,11 ([il'C'd: slInlight bl'Oke i:ln'ollgh a dell::e l'1otld eowl' and slllcl
slIrfnc(\ tC'Ill]l('rahlt'ps I'ose to 1:27"" J~. 

~\Jtel' defoliation of the 2--foot n'el pin(' was eompl('{('(l in th(' sodded 
a.reas, lal'mI Inigr:mts :f'I'OIll Ole 2- and ·I:-C'ol0 II.\C h'pes Sll('('C'ssfully 
cstablislled themsci]ws on :2·1, neill'by tr('('s lip to fl m[txirnllm of 11 
ie('(; fl'om their host (fig. !t 11), lkfolintioll in exec'::s or 2;; percC'nt 
was ohs('JTl'(l on G 11"(1('5,:2 of whi('h \\"('1'(' ('.Olllpl('jely stl'ippNL of their 
foliag('. LUl'\'al [('edill!!.' on th0 l-('olonr (]'('('S was finish('{L pl'im' to 
c011161('le host c1C'foliati;)n, antI the lnn:iH' did ]l0(; migrat('. A few 
JalTnJmigetlnts :from the:2- a.nd ii-colony tl'N'S \\'('I'C attacked by ants; 

• 
the sign i fictlnCl' of j h is Jaetor wn:i llot~ fls;;csf'cd. No mortality clue 
to hi:,!'h ;.;oil-;;l\]'f:tC'C' h'llIpC'l"al'\Il'eR wng ob5er\'('(1. 

The rapidity with which these sl11all jack and rcd pines w(,1'e 
stl'ippNl l)y In L"gP, In.rnll populations, amI the Illagni tilde or the de
folirltioll illjul'/ to adjac('nt pin('s by the llligl::lIlts, prl's(,llt a dcat' 

http:the:2-a.nd


18 TECI'Il\TJCAL BULLETIN 1118, U. S. DEPT. OF AGRICULTURE 

A 8 C o E F G H K L M N 0 P Q •
FEET FEET 


10 
 10 

20 20 

30 30 

40 40 

~r~ ___ •2-c~ 

50 .-- t "-... . . . . . . 
50 

60 60 

A 

fEET 10 20 30 40 50 70 80 90 FEET60 100 


A 
 A 

8 8 •
• • '" " " " " \(----~~T 

c cSad _2-b- J "2-0
,,-7'-.../ __ / 


o ~ e/. . . . o 

\ Sand r 


E E\h" ;~" 
F 

\ " 
Sad 

\ '~--4~b"--' • • I·b· f 

>-". , .-......., G

G ......,. .... " 

H Sand.) -......., \ \/

Sad "-4~a- H 

";
/' " " "I'r' /"

"'-I 1 
J -4-c

\ ,Sad 
K K 

L L 

B 

4-0 ORIGINAL HOST TREE " RED PINE TREE - LARVAL MIGRATION PATH 
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• 


• 
Figure 1D.-Sand-blow plantation of 1-loot pine in which migration studies of red-headed 

pine sawfly larvae were conducted. 

,,' -~~~?;~?,. 
.~:. 

• Figure ll.-Dead red-headed pine sawfly larvae in sand-blow depression. Mortality was 
caused by exposure to high sand-surface temperatures during migrations from defoliated 
jack pine. 
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example of the intraspecific self-limiting tendency of high insect pop
ulations under conclitions of limited food supply. If the foregoing 
plantations had been infested throughout at the 2-c010ny leyel or 
above, intraspecific competition would certainly haye resulted in a 
drastic population reduction through starvation. 

PARTHENOGENETIC REPRODUCTION AND SEX RATIO 

..tis arrhenotg,ky is the rule in the genus Neodipi'ion. only males have 
been reared from virgin red-headed pine sawflies. The sex ratio :for 
field col1ections is as fo11o,ys: 

.Lucnlion. Pelll"le., ,\f"le., Obser,." I 

Quebec ..... 
Ontario .. 

il4 
61l 

56 
:31 

]):l\'iault. 
131'01\'11. 

East F:tlls Churr:h, Ya 
Southern IlIinoii'>: 

75 :'I Iiddleton (2!). 

First genC'ration. 8·1 I (i Benjn.min.2 

~ccolld generation 82 I S Do. 
Third gencmtion S l H) Do. 

I Information crediLecl to o\)srrn'rs whose IHcllle'S nrC' not followl'd hy litl'ra{lIre 
citatiOlls wa!5 laken from correSpOndl'IlCl' ancl1!1lpublished re('ords in {he files of 
the DiYision of Forest TllS('l't HC's('arch, Lake f:itates ForC'st l';xpC'rimcnt St:tLion, 
St. PaUl. :'lilln. 

2 Dnlrt obtained in HH7. 

NATURAL CONTROL FACTORS 

Little is known concerning the. influence of nH tnral control fadol's 
on the population dynnmics of the red-headed pine s:nvJty. Conse
quently, the employment of biological control ngents in th(~ manage
ment of populations of this sn;wfly hm; not been emphasized. In 
easterll North AmericnAhc following 58 species o:f p:u'ftsitic and JlI'ccl:t
tory insects have been rep'oded associaf'ed with the red-headed pine 
sawfly. Of these insects. 20 have been colll'ctpdin the Fnited St:Lfes, 
23 in Canada, and 1:1 in both countries. 

P,\IUSIT£S 

On/a (lut! 'Jlcric.~ ! 

DII"I'Jo:UA: 

lJc.ssn h'arvryi (TlIi'.) Canada. Hro\\,ll. 

lfyloto/l!oy£Ct hylcloll/(tc (('oq.) .. l~llitecl :-Hates .. {Grc(,llc (Ui).
i:ichafJ'nC'r. 
Browll.,lff{}(lSl'liCt probosf'irif'(l (.\Iall.) Canada. { D:winuH. 

111r(l(lsri in 1mlil·aria. (Fal J.) ." .do . Brown. 
MustillO. (I.ssimilis (Fnll.) _ .do _ ]):wiault. 

Pelecolheca. 1I1(t('rn (Van d('1' '\rulp) l-niL!'ci l:llitl(',"' __ {~liddlC't(.)I1 (21).
MlI('scl.w('k.

IGrC'cn() (I fi).
Phoro('era ciaripcltll is ;. faeq .do ·l:'lluesebC'ck. 

Schaffnel·. 
Benjamin.Phoroccra. ha.mata A. & \\' . do - { Hl,hafJ'ncr. 
BrndICY. 

Cnnnda lIl'own.{U:willult (11), 

• 


• 


• 

See footnotes Oil page 2~1. 
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• Order and species I 

DIPTERA-continued 
Spathi1llcigem:a, a.lIrijrolls CtlITan __ • ____ -

SlJathi1llcigcr"a creeln AieL .• _______ . __ -

Spalhimeigenia. spinigerct Tn». ___ . __ 

Spath-i:meigenin 51)..--- __ --- --, - ,.
FmCL sinllosa Wi('(L ________ • ... -
Zenillia sp_________________ _ 

HY;\IENOI"l'l~RA : 

• 
Agrothcl'ellirs /ophyri (~orL) . __ •.. - _ - _ - 

AmblY'lllcrllS verdiler (XorL) ______ . 
A 7J/eSis inriisi£l1c/a. (Pro\·.) _- - __ ..... -

Bmcon 'pyg'llweus Proy ___________ - .- 
ClQslel'oc(!nl,~ rinclilJenn[s Aslllll . _' 
Dahlbonl'inlls juscil}('nnis (ZetL) _ - _ - 

Delomeris/a eli prionis Cllsh. 
IJibrachys ('(WllS t,ralk.) __ 

Enelasys subclaua/us (Hay) _ -. 

Exen/erus (£111 ie/orillS (PaJ1z('r). 

Excn/crus canadensi.~ Pro\' - - ... 

Excn/crus dipriolt'is Itoh",-. 

• 
See footnotes on page 23. 

PAn.\Sl'I'ES-Oontinuec1 
Country 

Cannclfl_ ~ ____ _ 

Canada ______ _ 

'Cnitcd :;tntl',, __ 

C:uwcln ______ _ 
lnited ~tatc;:__ 
___ cia..... __ .. 
C:lnrld:!. _.. 

'Gnitcd ~ta((.·,, __ 

Cantld:L _" __ ._ 

___ .. do._ 

l"nitl'd ~t atc':;_ _ 

Can:lda .... _ _ _ _ 

Lnitl'cl Htalo,;__ 

____ do'" __ 
____ do.___ ___ 
C'alluda. _____ 
.. . __ clo_. _ .. _ _ __ 
l-ni(l'cll-il:ttP,,__
C:uwdu ___ .... __ 

l"nit.l'd Hiat(':,__ 

Canada_ .. _____ 
l-nitcd ;;tate"__ 

____ do. _______ 

Cannd:t. _ _"" _ 

rniled i'ilfltes__ 

(':lnac!n. ____ -- 

Ob"ert'er ' 

Rchaffner, 

Bradley. 

Browll.
{ Daviault. 

Bradley, 

Brown.
{ Daviault. 

Aldrich (1). 

Benjamin. 

Ben tll'Y (4). 

Grel'nc (15). 

1\1 iddleton (2.1). 

~rlIesebeck, 


l 
Orr. 
Polh·ka. 
Schaffner. 
Sl'llcr;; (2.9). 
Zimnwrman. 
Bradley. 
Benjamill. 
mail'. 
]):1\'iault. 

[Benjamin. 
lBi'ntley (4)· 

Zi mme rnullI. 
Dadault. 
DIl\'lault. 
Hc:haffller. 
]3rown. 
Polh·klt. 
Benjamin.
Blair. 

Wilkes (8;2) . 

D:tvit\uit. 

Benjall1in.
Da \·iault. 

'Benjamin, 
Bentley (-n.
Hchnffner.{ 
Zimmerman. 
Dtwiault. 
HdIers (29). 

fBenjamin.
'll\lllC8ebeck. 

Townes (SO). 
Brown. 
Di,vi:lult (11).{ Walley (81). 

Belljamin. 

Cush man (9). 

?'I.' [iddleton (B1).

'i\[ucse!)eck. 

{ Orr. 
Hch:tffner. 
Bradley. 
Hulchill!:\s (17). {Townes (SO). 
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P~\RASITES-COlltinued 
Order and s1lfcies1 C01L1ltrV 

HYMJ,NOPT}JRA-continued 

Lamachus contoriionis Davis __________ _ united States__ 

Canadtt______ _ 

Lamachu.s lophllri (Ashm.L ___________ _ 

Lamachus virginicLll.1(s (Rohw.) ________ _ Ln ited States__ 

Canada. _____ _ 
_____ do ______ _J1fastms aciClllaius tPro\·.) ____________ _ 

J1/elitlobin ocastn (\r alk.) _____________ _ united States _____do ______ _jlesoleiliS submorginaills tCr('ss.) ______ _ 
Cttnada ______ _ 
_____do ______ _llfnesidoclls nigricoxllS (Pro \'.) _________ _ 


Olcsico1llpe lophyri lHilc.n _ _ _ _ _______ _ United Stutes__ 


Canttdtt ______ _ 
Otocllstes crasslts (Pro\'.L_____________ _ _____ do______ _ 

Periiamplls hyaiilw~ Say_____________ _ United Sttttes._ 

Canttd!L ______ _ 

_ ____ do ______ _Plectiscidea cnrinata tyro\-.). ____ ______ _ 
_____ do ______ _Psychophaglls ol/tllivorus (""alk.) _______ _ 

Celis sp _____________ -- _______________ _ _ ____ do ______ _ 
H emitell's sp _ _ _ _ _ _ _ _ _____ • _ _ _ _ _ _ _ _ _ ______ do ______ _ 
J/aslr!ts SP__________________________ _ _ ____ do ______ _ 
illesochor llS sp ____ • _. __. ________ • __ •• __ _ ____ do______ _ 

Or(/wstig1l1a sp ____ - - -- - - - - -. - __ ---7- __ _ ____ do______ _ 

UNDESCRLB ED SP"CIES: 
Agrothercutes sp ____________________ _ United States__Tclrast-ichus sp _____________________ _ ____ .do ______ _ 
Trichopria n. sp __ .. __ •• ________ .. , __ _ _ ____ do ______ _ 

GOIll/iry 

DIP'l'EIU: 

Erax acs/uans (1,.) __ _ l-niterl Stales__ 
llEMIPTERA: 

A_pateticll$ brac/ea/IIS (Fiteh) __________ _ Ltlited States __ _____ do ______ _Apiomcrus crassipcs (F.} ________ _ 
_____do ______ _Arillls crista/us (1"L _____ .. 

Observer 2 

BClljttmill. 
Chttmplttin (8). 
Middleton (21). 
Muesebeck. 
Polivktt. 
Rohwer: (25). 
Schttffner. 
Bradley. 
Brown. 
Dttviault (11). 

l
{
 

i

Townes (SO). 

Brown. 

:'.fiddl('ton (21j. 

Mu('s('beck. 

Polivka. 

Rohwer (25). 

Schnffner. 


{Brown. 

\Towncs (SO). 

Brown. 

Bcnjamin. 

Schttffner. 

Brown. 

Daviault (J 1). 

Benjamin.


{
Schaffner. 

Brown. 


i
{
D!wittult (11). 


1)ttviault. 

Benjamin. 

:\liddleton (21). 

Muesebeck. 

Orr. 

Schaffner. 

Bradley. 

Brown.
{
Dttviault. 

Dttviault. 

Davittlllt. 

Daviault. 

Daviault. 

Daviault. 

Davittult. 

Brown.


{ Dttviault. 

Benjamin. 

Benjamin. 

Benjamin. 


Observer' 

Benjamin. 

13enjttmin. 
Benjamin. 
Benjamin.

{Po!i\-ka. 

• 


• 


• 

See footnotes QP page 28. 
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PREDATORs-Continnedt 
Order and species 1 Counlru oburver'\•.

t· HEMIPTERA-continued 
Canad:L _____ _ Daviault. 

PodisllS serieuenlris Uhler ____ - - - - - - - - -- enited States__ Belljalllin. 
Nabis ferus (1,.) _ ___ __ - -- - ---- -- - -- -

_____ do ______ _
Pselliopus cincllls (F.) _______ - - _ - - - - --- Polivka. 

Canada ___ . __ _Sinea. diadellla (F.) _________ - - _-- -- - -- Daviallit. 
Zellis socius "Chler ____ - .... - . - .. - - - - . rnited States __ Benjamin. 
.:lpateticlIS sp_______ . .' -._. _______ _ Canada ______ _ Dadault. ____ .do______ _ Podi1(s sp _________ ..... ___________ · __ _ Davialllt. 

I{Y~IE"OI"I'~jRA: 

Fespliia maeulifrons (I3uysson)_________ {'nited States__ Benjamin. 

1 The writer is indebted to C. F. \\'. ~ruesebeck of the Bureau and to members 
of his staff for identifying parasites aile! predators of the sawfty collected in the 
Lake States region, 

2. Information credited to observers whose names are lIot foUoll'ed by litf}ratllre 
citations was taken from correspondence and unpublished records in the files of 
the DiI'ision of Forest Insect Research, Lake States Forest Experiment Station, 
St. Paul, ~IinIJ. 

LARVAL PARASITES 

• 
.\J1)Ol1g the entolllopha!!olt:-5 in!-ieets nttn('king the sRwfly, larval 

parasites ha\'c l'ecei\'ed nlo~t attl'utioll. Evaluation of their effec
tiveness is genemlly lacking. howe\'l'I·. and Illo:-;t published reports cite 
only specie:;; l'l'ared or col1l'cted. In the Cnitecl ~tatel:i Greene (L5). 
)Iiddlctoll (;21), Bentley (.n, ~eller:·; (J[}) , Pol ivlm,5 and Schaffner 5 

ltuxe liste(l larnll llnra~ites of the sawfly. In ('alUtda~ Brown 5 re
ported "co('oon parasiti:,m"intensities of 13, 16, :2l, :30. llllcl18 percent 
frOtH ll);ri throu!!h l!)·tl. bllt (lid not indicatl' thp 1'1'lati,'e impoJ"tallC'e 
of the 10 species'('olleet'lll'(L 

In Qud)ec. Cannda, Da\'i,wlt 5 reported, in unpublished studies, 
:24 spl'eie~ of parasitie and prl'datory insects attacking the :lawfly. 
Spathimeige-niu 1£lll'ijroJls !u1(l Plwl'v('rra iwmat(I, were the most im
portant; the i'orlllPI' "'tIS reared froml:3.!) percent of the sawfly cocoons 
in l!J:ri. and frolll !3H.O llnd H.I percf'lIt in l!):3R and Hl±L respectively; 
P. /wllIatu \\"llS I'pilred from 1U.~. ;).~, and ~+.;3 pel'eent of the cocoons 
in tlll'se l"l'speetin) yeHl'>'. The etfe(,ti\-eness of these two species WtlS 
mtu'kedly 1'N]uced by the hypel"plll'lt"ite PNi1aml'1l8 /i.y(({inll,~ which 
consti luted OK.:J, ii:Ll, and ,j;3.H pen'ent of tllP nOl1st\.wfly el1lergents 
Ilutin!! tlwsl' YPiU·S. HYIllf'1l0pteroll;'; pamsites were of little signifi
("lllwe .i n red lIel ng slLwlly po[>lt hltion~. _\IllOll!! tllOSP Illost C'Ollllnonly 
rem'eLl \\,PI'P E,.l'ulierllx ('Uilfuhn.o;ix. /.(/III((('IIllN ('ontor{ioni8, and 
Ohsir'IIIII/)( /opil!lri. Till' pfI"E'ctin'lIt';.;" of tIll' predatol's was not 
i mlica ted. 

• 

III sOllthel"ll Illinois cll1l'ing IO.t( alld l!l+H. ;.;ix sppcies of parasites 
were real"Nl from sawlly lal·\'(\(>. Para:-:itization averaged +~.~ percent 
dll ri ng tllf' Ii rst !!elH.'l"at iOI1 ill 1 !In' and .\-( Li p~'rc·pn t ;U110J1g the UH7 
emergents from the second-generation collections. .Among the 19-:1;8 
('m('rgents fl'OIll tlH' 1H·~I se{'(}IHl-genenltion grol! p. pal'asitizatioll 
averil!!Nl ~K.l percPIlt. Pnra!-'itizatiol1 determinatioll:> wert' not made 
alll'in!! the thi I'd geller'Mion in 1!)+7 or l!HH. 

• Set' footnotp ,I, [1. n. 
:{:l7r,SR ;0;;. -\ 
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The dipterous parasite, Spathinwigenia spinigera, constituted '{6.2 
percent of the first-genei'ation and 78.9 percent of the second-genera
tion larval parasites during 1947. Th!' dipteron Fhm'oee?'a hamata 
constituted 13.3 percent of the first generation and 18.9 percent of the 
second-generation hrval parasites. Hymenopterons parasites Agro
the'l'eutes 101)II/Y"I, Enda~y8 811bclavat~t8, Lamachu8 contor,tion'is, and 
Olesieamipe lophY'I'i were recovered during 1947. Hyperparasites 
Dibmchys cavus, J1elittobia (WClsta, Fel'ilamplls hyalinu8 tlnd 1'1'i
olwpria sp. were also eolleded but were of little significanee. 

In lower Mi.chigan eluring 1048, amOllg the eight parasitjc species 
reared and colleeted, Phot'oNi/'a hamatCl appeared to be the most im
pOl·tant of the Diptel'a, and E,('entcl'118 ('anaden8i.~, E. diprioni, and 
Lamaclws conto,rtionis the most important of the Hymenoptera. The 
hyperparasite Pei'i1am pus hyalinus WlI:; \'el'Y e011l1l1011 throughout 1948 
and 1949. 

EGG PARASITES 

• The egg parasite C'Zostet'ON'l'IlS (·indiprl1ni.s ,ms one of the most 
significant biotic j'adot·s limiting sawlly populations on the Shawnee 
~ational Forest during 1V+7~ Hl-.I:8, and 1!l-!:0. Its importance \\·as 
initially revealed durin!! presprlty slllTeys t'olllllleted in short lelLf pi ne 
plantations in 1047 when, .1S a result of l'ctillt'('cl ]:tlTtll hateh in the 
first generation, 1,000 acres of bea\'ily infested plantations were omit
Led from [t 6,OOO-acre sprlly program. Eggs ('0]]eet('r1 on ± of the 13 
p]antat~olls.whe]'~. this l'e.cl.u~'e(l !wteh o(,C'lIJ'1'('<l \\:?l'e h0H. I'i ly p:uasi.tized 
by e. (,lncf1pell7n~; plu'nsl("lzatlOll aYel'a!!cd S8.', per('ent 'nth [1 range 
of 70.:3 to ~l:).l pel'cent: -l- of tlll' :20 Pgg hat('lH's \\'P]'(' lOO P(,],t'f;'llt pal'a
sitized (table 4). 

TJ\ BLE 4.~Egg parasi! izalio71 (~f thl' I'(d-hl'aril'd 7)illf! 8(lUjly by Cl08
[erocenlil cinclip<'lln iN in shorilN{f piliP plalllati07U1, ,)'11011'11((' ~Vatiollal 
Forest. Ill. 

Plantatioll" Egg batchrs L\ \'cragc paraYcar and ~ell~ration EggspX:lmillrd col1ret pel i sitizatiOIl 
-~-------

1947: .\-1l11l'Jer 4\~lIl11h('r S'ltllllJer Perce"t 
l ... _ ·1 ~O .1, Iii-I 8S, 7::l: 1. 7 
3. __ ... S 1 SO 10, ·175 87. 1 ± l. 5 

1948: 
L _.._ 13 SG !),311 7n. 3±2. 82_ _ _ .~ 7 SO·I 80. 6± 10, 'b 

3 II j I, ,1St 81. .j ±(). 7
3___ _ 

.... -.~ -- .~ ~-~~~.'- -.---"--~---

'In(;ludes 10 egg hntt-ht's (·ollc('[j.'d ()Jl jnek pill(, ]llanlniiom;, 

Egg parnsitization eluring 111(', s('c:ond geneiation ,\'as not assessed 
owing to the urgent',\' of eXlwril1H'nl'al and (,()lllmprl'ial cOIII'rol tlcti\'i
ties. Thil'd-genemtion sawfly :tetiyity in 10cl·7 was lI1arkedly reduced 
when lL high percentnge or the second-generation larnlC entereel eli[\,
panse. Third-gell('l'a.tioll ad\llt- ell1Pl'gt'lIee averuge(l only (J.G pm'cent 
on 7 shortleaf pine, plantations s:lmph\cl. Egg pru:asitiz:\tioll on 8 
plantations exam i ned t hrol1gbout tlw forest. nrcraged 87.1 percent 
anell'anged :fl'om ;)8.:') to un.! percent; 2:') of the 80 egg batches were 
100 pE'l'cent parasitized. 
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Sa;wfly populations were very 10'." throughout the shortleafpine 
plantations in 1948. l>arasitization averaged 79.3 percent and ranged 
from 25.4 to 97.1 percent; 30 of the 86 egg batches exmnined were 100 
percent prlrasitized and 3.8 percent of the eggs were destroyed by an 
unidentifi.ed predator. 

Second-generation sawfly activity was observed on only four plan
tations in 1948. I~arasitization averaged 80.n percent. Destruction 
of 11.2 percent of the eggs by some Unkl1o\Yl1 predator occulTed and 
h1Cluded mallY parasitized eggs. 

In the third generfltion in lU48 parasitization averaged 81.4 percent. 
The unidentified predator aceounted for an average of 1H.5 percent of 
the eggs, ilHTeasing the. total egg c1estl'ul'tion to n7.1) percent. 

Egg parasitization was not determined on the shortleaf pine plan
tations during early 1n+1) owing to the exceedingly low le\'el of the 
sawfly population. rl\yenty-eight shortlenf pine plantations examined 
were practically free of sa\yfly activity. (hipositing sawflies were 
observed on two plantations '.yithin the "pine hills" native shortleaf 
rnnge. ('lOlde;'oN'I'lls adults were seen ovipositing in the newly laid 
sa wfly eggs. 

In a pitch pine plantation in the Sh:nmee National Forest in 1947, 
second-generation egg parasitization was (kterminecl on 5 trees on 1 
small isolatec1 roatlsi(ll' planting eontaining appl'oximately -:1:0 heavily 
-infested tl'(,('S. Pnrl1sitizatioll awraged Bri.7 lwreellt with a range of 
Dl.l to 00.-:\, pl'r('ent: 1:2 of the 1:38 eg:r bate-hI's were 100 percent para
sitized (table ;)). 

These five pitch pilles were examined periodically for sawfly eggs 
during the rl'mailHlel' of 1n+7 amI during ]n-~8-~!). Two egg batches 
collected a:!'tl'l' thl' third-generation flight in 10+7 '.n'l·e 9-:1:.9 percent 
parasitized. Four of the fiw pines ,,-ere o\'iposite<1 on during tllc first
general-ion fli:rM in 1D-:l:S. Parasitizatioll (yf the () batches ayeraged 
SR.:; [len'pnL '1'11(' single egg hateh hid dnring the seeoncl-generation 
flight- was !Js.n pl'l'C'('nt parasitized. and all 22,~ of th(' l'ggs laid during 
tlle s('('on<1- and t-hinl-generatioll flights ill In,~0 w('re parnsitized. 

T:Ulf,E; 5.-Influe/lc!' (d egg parnsile ('lo81('l'oceI'118 cillctipl'lInis on Ted
hpaded pinp sawfly jW7)UZalioll in roadsid!' pitch l)i71e plantation, 
Shawlle(' ;\'ulio1/(/{ Fo/'{'sl. Ill. 

fl~~:~::'hJ---Egg~--r~,~~~gtP=Year alld ,!!.ellernt ion ; i I 81 Iza 1011 

-------,-------' -----i 
] 9-\7: tYumlJCr NIIlIIl>er l\'I/.1nber Percent.

2 ______ _ i
:j 13S \·l,17S I 95.7 

3 __ - . ! I 2 27U , 94. 9 
HJ4il: !1 _____ _ .\ 9 1,280 I SS. 5

2 _______ , ! \ J 103 98. 0-
1949: I,2-3 __ __ 2 224 100. 0 

--.--..-- ---...---' 
Total _ (I) 1:')2 \0,00\ 95.2 

! 

I Tolal 1I11111\)el' of ITr('~ t'X!lIl1ill('d, ;;; fol' exalllple, in 1947 ~e('ond-gencraf;ion 
sawfly c'gg;; w(']'(' oh~('r\'()d on all ij tl'ec:; Illle! third-gclleration sawfly eggs on 1 of 
the 5. 

..' 
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No attempt was made to determine sawfly or parasite egg fer
tility, larval or cocoon parasitism, or predator aotivity on this pitch 
pine plantation. In such a limited popUlation more could be learned 
about the potentia.lities of the egg pa,rasite if the sawfly infestation •
were allowed to progress with a minimum of disturbance. Egg 
parnsitiza,tion determinations were delayed, therefore, until adult egg 
parasites had emerged and attacked the next generation of sa,wfly 
eggs. Third-generation sa,wfly eggs were collected in late fall [titer 
the sawfly hatch had taken place. 

During the 2% years t.he sawfly po])u1[Ltion was under observa
tion on the roadside pitch pine plantation, 152 egg batches containing 
16,061 eggs were laid on 5 pines. Pal'llsi6zlltion averaged 95.2 percent 

. and reduced the sawfly potential to 771 eggs; the remaining 4.8 percent 
of tIle original population was accounted for by diapause alld mor
tality factors. '.rha,t; severe defoliation dicl not result.is evidence 
of the critical role of Olo8teroccpus cinctipenn£s in cOlloil'olling the 
sawfly population. 

Olo8te1'O~e1'1I8 C'i'/lctipellni~s adults ]uIYe been l'e~ll'ed from red-headed 
pine sawfly eggs in the !'anger districts of Park Falls ill the Chequa
megon National Forest in llorth-central Wisconsin anel Oadillac in 
the :M:anistee Nrutional Forest in central ,Michigan. 

A few specimens of n,n egg parasite in the genus Tetl'a..~t£ch1t8 were 
reared frollll.'ed-he!lded pine sawfly eggs in southern Illinois during 
1947, 1948, anel 1049. The signifi.cance of this species appeareel 
negligible. 

INTRODUCED PARASITES 

Oolonization of introduced parasites for ('ontrol of the rcd-headed 
pine sawfly ,vas started in Onhu'io in 1DB7 (32). Of the species re
leased ,there during the next O. years, only Daltlbominwi f'lIScipennis 
]las shown promise. The othel' species ean be propagated suecess
fully in the laboratory but their efl'ectivl'lless i II the field has not been 
evaluated. They include: ..:17Jte8is oa..~izonia (Grav.L.l1. 8uDg'llttatuB 
(Gritv.), E(1Jente1'll.~ aOI'uptOl'ilI8 (Thllnb.), Lamaclt7M eqll(!S (Htg.), 
Lopl1!JJ1'oplectws IlltealOl' (Thnnh.). 1111<1 Shmnht sp. 

Four attempts to establish the chalcid pl'epupal parHsite Drt/d
Dominus lllsc/'penni8 in popnlat'iolls of the s:Lwfly in the United States 
have beml made. In 1940, :300,000 adults were released ill northern 
Alabama, and in 1941,280,000 in westpl'1l Tell1l'essee on pine plaJltings 
along the Tellll(>ssee' Valley _\uthol;'it,v l'('sel:voi~' (Zimlllerma,n).5 

, . ,. 	 DurIng 1041, rm ullkno,\Tll llurnbel.' oj: adult pttl'asltes were released 
on tIle Mn.nistee National Forest. ~oHling- is known ('ollcel'ning the 
sueeess of tllese libel'lltions. The fourth att('JlIpt. to establish D. F~lBai
peA111,i8 was made 011 the :i\J:lIIistee National Forest ill 1!):l6, when 
100,000 adults were ljberated ill 7 red and jack pine plantations. 
Adults of this parasite WN'e reared :/'1'0111 l'oeoon collectiolls in 1947; 
subsequent collections wet'e lIcgatiYe. 

PREDATORS 

Twelve species of IH'C'Cht·ol')' insects h:tvc oeell reported attacking 
the s~Lwfly in eastern North AnlPl'.iea. ]ijight of these Hpecies.were 
collected in the United States and two in CILllacla. Davi:Ll11t" listeel 

r. See footnote 4, p. 0, 
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two additional unidentified predators attacking the sawfly inC~nada.. 
No birds have been reported feeding on the sawfly larvae or adults. 
The impoliance of rodent predators has not been determined. 

DISEASES 

Casual observations hRve been made by entomologists of large 
numbers of dead sawfly larvae hanging limp on their pine host. Un
fortunately, the identity of the causal organism, the extent of the 
epizootic, and qmmtita,tive informntion concerning its effect on the 
sawfly population are in most instnnces not published. 

CLIMATIC FACTORS 

Climatic factors play an importnnt role in the population dynamics 
of insects. Temperature and moisturC' exh'emes often have. been 
cited as responsible for the elC'('1 il1('. of outbreaks of nHUlY forest 
insects. Little information is anlilable, 110wever~ cOllcerning the 
influence of climatic facto!'s on popn lations of the red-headed pine 
sa.wHy. 

• 

In unpublished records. Orr 5 rC'ported hen",y mortality among 
first-instal' larvae app:lrentl.v clue to high temperatures on the M:111istee 
National Forest in 193G. and also mortality among fil'st- and second
instal' larvae durin!! driYing rains. rnpublishecl records of :Mnc
Aloney" melltion extrl'mely hea\',\' lalT:ll mortality in a blizzard in 
Jate October H)3S durin!! a Ra.wfly outbreak in northern MichigRn . 
This blizzard, 'witll its ac(':"oll1panying low temperatUl'es and decp snow, 
apparently reduC'ed popUlations to nil el1(1C'lI1i(' status as "after the 
snow melted ... literally millions of deacll'olpodijn'ion lecontei larvae 
were found under the trees.:: 

Hettyy mortality among liJ.'st-inshu· ]fllTne ,vas obsel'\'ed iJ1 southern 
Illinois in 1D+7, ,rhen air temperatures remained nbove 100° F. for 
protracted periods. Mortality among' migTating larvae occHITe(l in 
~fichigal1 in 1!),!.!) wlH'1l Rand-surface tempm'atu res rose above 105°. 
Temperatllres above this were (,Ol1lll1on on clp:lI: d:tys, and larv:tl SUl"

viva.l was ]Pss than ;3 millutl'~ ull(\eL' tlll'SC conditions. Heavy egg 
mortality, possibly due to low temperatures. o('curl'l'Cl .in ~lichigan. in. 
1940 when cady .Tullc (('l1lpe!'atul'e fell to UiO. Third- and fourth
inst:u' lan-ne SII1TiVl'd t('mpel'at:urcs itS low as 22° in Illinois in 194:7 
ancl resumed feNling whell the ait, tenqwl'at.u!'es aga.in rose aboye 60°. 

ECOLOGY 

Investigations of !Host forest iJlReet·s 01' cconomic importance are 
gener:lllyinitiated during outbreaks or after scriolls economic losses 
llaNe bcpn susta.ined. )[njol' (~rnp1tasis i:-; first, on the elll'tailment of 
further losses through the applicatioll of insedicides 01' empirical 
cultural ])1.'actices. Studies 0:1' the ecology of the pest ma'y I)('gin when 
the Pl'CSSllI'C oJ these netiyitie:; 11ns eased. ]<jvalll:ttioll 0:1' low ])OPU'Ie ~ttioi1S, pORbsi blj.Y t1~e 1~e'y to Plred1ietfion fLI n~l Isu(~e~'Rsl:l'1I1 avoidalH,:c of 
loll lIre out rea. (s, IS trequcnt y (eeITe( me e 1I11te'y or not nn(1er
btken. 

r. See footnote 4, p.O. 
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Investigations of the red-headed pine sawfly were begun lLfter the 
saw.fly had been in outbreak for some timeo Although major emphasis 
was initially on control, the ecology of the population on thc Sha,wnee 
Kational Forest in Illinois was studied dueing the decline to an 
endemic status in 1047 and the endemic period in HI-l8 and 1010. and 
on the )[anistee Xational Forest in Michiga.n during the 1!)4H out
break and the endemic stage in l!)-l9. Xational-fore8t areas heavily 
infeste(l in northem ~[i("higan, )[inncsota, )[issollJ'i, and '\Visconsin 
were yisited to obtain a regioll-wide picture of the insP<"t. 

The pco]ogy of thp sawfly will be tTt'atPlI fmlll two a8!>pC'ls: iis be
havior under high population or epidemic conditions, and its behavior 
under cndemic eonditions. Host-site prefer('ncc will he t'xnmint'<l and 
the influence of climatic factors on tht' sawfly (jisl"lIsse<1o 

HIGH POPULATION RELATIONSHIPS 

Infestation vs. Defoliation 

Sprltying on the Sha"'lJ('(' Xationaj Fon'st lI"a:-; initiatt'c1 when 10 
percent of the shorfleaf pillt's in plalltation;.; a"era!!ing () i'eet and 
under and. :W pprcent iJl plantations a\'Ploaging I fPl,t and o"pl' \\"(:re 
infested ,yith sll\yflipso To test t'lw \"aliditr of t'Ilt'Re e('onomie levels 
and to determine tIl(> l'elation::hip I>e/'\"('Pll 1:1l(' intellsit,\' of infestation 
and severity of defoliation, tile illtensity (Ji a single sawfly defoliation 
oce-lIlTing during the thil'd generation in IO·U) in unsploaypd shol'tleaf 
pine plantations was estimated ill early 104/. Tllil'iy-li"l' plantations 
were pXalllilwd at till' l'ate of ,~ 1110ts ("()ntaining- J:! tl'(>('S <'aeh pel' 
40 :tcreso The height of paeh tl'('e was pstilnated to t'lll' llPalOp;:( foot 
and the defoliation pstimated 011 a geonlPil'i(' Pl'O!!I'('s:-;ion hasis. The 
defoliation ('lasses uspd II"PI'(, pel'(,pntages of Do 1, .1:, 7, l;~, :25, 5(),75,
87, O:i, on, 00, and lOO;; 

The a\"(,I'll!!e height of eaell plantntioll was ('alcuIHi('<l and t1lP pl:lll
tations assigned to one of tlwfollowing ll('igllt ('lass('8: :2.0 to !~.O 
feet, -l.O 1'0 G,O feet, and 1.0 fpel and O\"PI', TIll' pel'('elllagp.'i of infes
tation and <1e.folintioll of tIl(' attacked t I'N's ,,"Pl'e (Oolllpul('(1. Co
e/fieiellt-of-('OlTelatioll <I na Iy:-;is illdi('ntl'd a Jilll'<II'j'p!ntionship Iwt \\"('PII 
the pel'cpnt infestation and tlw 1)('I'('(>nt (lpfoliation ill tIll' lil'st two 
clas,'3es, The data. in the t'hil'd ('lass W(>l'e too few 1'01' adequate 
statistic-al treat'mpn!'. 

o In !'lltilJlnting I'll(' pl'l"(,l'nt !Il'fnli:llion. a 11'('(' I\"a" ns;;i)!II('cl fil'st til II hroad 
dal'sifh'atiol1, rhnt: ill. ahoy!' 01' h('low ;-,() )I<'I'('('II{ a 11(1 IIPsr ro itl' pnlp('1' ,olass 
through IIIplltat ('fllllpal'isOIl \I'ilh rill' II('Xt l"wl'l' III' hi)!Ii.'r d!'folintillll ("ale-goI'Y, 
'1:11(> f(lllowill)! ('x:lll1pl(' pxptHins rhp Pl'fI('P(ltU'I': ,\S~\I1111' a tnop 1-;, Pl'I'('PIII !I('. 
foliat'p,lo II' is nh"iou" ill1l1lpdial('ly thai dl'f"li:ltioll is ill (,X,'('Il" IIf ;;0 PI'I'('Plll'. 
~1'I1(> next' d('('illioll pl:lr'('S I hp tT('(' hl't 1\"'1'11 i hp ,:;. :11111 tII0·PI'I·"l'lIt !'tassl',~. 'I'1ll' 
1"('IIH1inillJ,( «(>f'i;;i()n if; t'l) jllc1J,(p hill\' 1I1lll'h )!l'l'ntl'l' til(' dpi'niialillll ii" Ih:lll ,;, 
perf'('1I1; that' ii". wlH't,II(,1' Ihp ITp!, if; (Olo~I'I' 10 .'" )1('1'1 01'111 111:111 III,:) 01' 100 p('r
('('Ilt. Thill tn'" llJl)lP:lI'" ['0 fnil :IIlIII'(Jxililaiply llplWI'f'1I Ih,' t\l'll '°:lI('~"l'ipS nlld is 
a""lgl1('(l, thpJ'('i'orp, 1.0 thl' 1-;7-111,'1'("'111: (It'foli:ltioll ('Insil. Thl' Sallll' PI'I)('P«lIl'p is 
followl'!l in IIssi!!,lIill!! (I','PS to ('1:ts~I''; hpl,,\\" thl' :;O'PPI'I'1'1I1 !t','pl, .\',ltlll'nll,'· II 
Slllall II III IIIl II I' ot' illdp"isillll o,·,'IlI'S ill lIS;;i)!lIill!! I.I'P(,1l ttl ("lnHi"l'1l hptll"Pl'1l tlH' Hi
and nfl.JI(ln'PIII 111111 IIl't\l'('('1I IiiI' 1:1- IIIHI 1·1'('1"<'1'111 coatf')!fll'il'i" II'hl"lI thi!" 1I1c>lhod 
is tir"t' (,1ll1l,lon'd. _\fl(',· thl' illiti:,IIII"oind 01' illll'fldll!'liml I Itt' \lTit!'1' :111(1 1l('I"l'I'al 
nf;Sf)ei:l t('1l Iu, "p /'01111(/ p"t i IIIH 11't' hllll('d Oil l'Itt' !-:I'IIIIIPil'i(' proJ,(I'I',;:<ioll 1II00'l' ('011
sistl'lIt; thllll with tltl' IllOI'(' populI! 1'1 !l'Il('J'('PIII illll'J'\"al ":yst('lIIo 

• 
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The infestl1tion-elefoliation relationship on the pll1ntl1tions in the 
4.0- to 6.9-foot class was demonstrated by Jittin~ a straight-line. curve 
through ,the elata, by the coefficient-of-correlation method (fi~. 12, .t1). 
At the 10-percent infestation level, there was a defoliation llverage 
of 29 percent, and. at the 50- anel75-percent infestation levels, 48 to 59 
percent defoliation. respectively. Slightly more seVl.'re defoliation 
occurred on the. planbLtions in the smaller ('lass (.fi~, 12, Il). ~\.t the 
lO-percent .infestation len'l 32 percent defoliation ()ccllITed and at 
the 50- lll1d75-percent levels 57 and 7H percent defoliatioll respec
tively, Beeallse of shortleaf pine's remarkable ability to recover 
from se,'el'e defoliation. it wns a(/"isaIJle to revist' upwllrd the 10
peJ'cent. and :W-pel'cent economic.- illf('stai ion 1\.'\'('ls ill the shOl-tel' 
ljeight classeR, 

100100 

. 
80 A 80 B . 

;:: 
~ 
I>e; 60 fiO 
~ 

~ ;:: 40 . . 
40 

~ 

:: 

.' 
20 


~ 


• 
., 

y, ~4.56Z +.465'" Y' 2S,64Q t ,631 ): 
ZO r: ..S18 ,<,939 

5-/.' .423 5%'.707 

t%=.5:\7 'i ./.= .a~4 
0 0 

-::: 20 40 60 80 loa (l 20 40 60 80 100 
P!;;HCENT OF TREES INF£STEO PERCENT OF TREES It!FESTEO 

Figure 12.-Relationship between percent of shortleaf pine trees infested with red-headed 
pine sawfly, and percent defoliated: A, 4,0- to 6,9-foot height class; S, 2,0- to 3,9-foal 
height class, 

Infestation vs_ Number of Colonies Per Tree 

In pl'('lilllin:lI'Y in\'('~ti!!nti(ll\;;: of tltc' in t\'~tati()n-dd'oliati()1t relil 
tion~hip in jll('k pill(' plalltntioll!' ('olldu(,tpd Oil tltl' _\IHllistp(' XntiolllLl 
ForeRt in l()·~K< till' IHHllb('1' of ('ololli('s pt't' illfl'stl'rl (1'('(' ,rtlS <1\.'1(,1:
mined Oil 11 plalltntion hlock Hn'l'agill,!! (i('t'p! in Iwight, Thilty 
plotI' ('ollhtining:25 {I'p(,S etlch \\'('1'(' Lr)('Jlldl'd ill Ihis study, The aver
age IIlIm\)('I' of ('01011 ips ]1pl' illfl':-tl'd.t 1'(1(' ilH'I'l'lIsl'd mi til(' pel'C'cntage 
of infpRhtlioll increased, as illlls{Tat·ed ill figlll'eI:3, 

• 

In I'll(> 1- to H-ppl't'(,llt inl'('HlIi;oll ('11I"~. Il,;'; 1)('I'C'(,lIi of till' t"('es \\'('I'e 
illf(':;t'NI \\'it'lt:2 ('OIOllil';':,: 110 II'p(,S \\,PI'(I lIttll('k(ld h\' 11101'(' (hall ~ t'olo
ni('s, III til(' :W- to :W-IH'I'('Plli illfl'stntioll (,lass.':Uj ]1pl'(·plIl of the. 
i I'ees ('oll(aill('cl :1 ('OIOllil'S. :tlld n.7 alld (J.-I jlPI'CPllt' ('ollhliIH'ci ;~ and 4: 
('nlollies l'pspp('(in,ly. III (ltl' (it)- to (j!l-p('\'{'pni. jufrs(:1!ioll (,lIh'goI'Y, 
:W [lel'l'plIt' of tlw (I'('PS WPI'I' illfl'sipd with :! ('(lI()lli('s~ alld l:Ul, H.O, 
4,0, alld ·I,.n ]ll'J'('(\llt witll :l. ,I" (i. nlld H l'olol1i('s l'C'slwct j,'ply, ",Vhat 
t-hr nJaxillllllll 1111111bl'I' of' ('olonip" 11<'1' tTt'P ('01l!<1 bp('OIIll' (':I II lIot· be. 
p.'C'di(·tl'd f1'01l1 111l'~e lil1liiptl dat:\. 
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Figure 13.-Relationship between percent of jack pines infested with red-headed pine 
sawfly larvae and the average number of colonies per Iree. 

Number of Colonies Per Tree vs. Defoliation 

Endy in 1949 red-headed pi ne Stl wfly colon iN; wr1"e intro(lllced Oil 

red and jack pine trees of eli Iferent heights fo resolve the problem of 
feeding intensities at variOllS colony Im'els on tlw nIanistce National 
Forest. Populations containing' 1. 2. 4l and S iw('ond instal" sawfly 
colonies.. "were placed on :3 replicatrs of 1-~ 2-, 4-, and 6-1'001' high trees. 
Daily' observations were made o-f the I"flfe nnd int:ensif'y of defoli
ation and the behav.ior of fhe lal"vae. ,\.1thOllgh disease caused high 
morbllity during the laUer part: of' i'hese studips on the larger trees 
and maJ'kedly influenced the intensity of feeding, gpnel'al feeding 
trends were. evjdent on some of the, plots. 

Reel Pine.-Plots for red i,ine chvfoliati(,n sf'llelirs were selpded ill 
sand-blow pla;ntatiol1s l'epl'esentat:iV(\ of tn'cas highly sllsceptible to 
sa.wfly attack in central Miehigan. On the. 1-foot tree plots 4 ('olonies 
per tree completely defoliwtecl the J'Nl pines by the end of thc nth day, 
2 colonies caused complete defoliation by the IUh (Jay, and I colony 
by the 18th dlLY (fig. 1·1" A,). On the ~-f()ot n'd pine complete defolia
tion was accomplished by 'b and 2 ('nlonies by the 16th and 22d days, 
respectively (fig. 14, B). OJle-co]ony defoliation reacheel the 50
percent ]ov(>l by the 2ilth day j apparently disease influenced the l':tf:e of 
la.rval feedin~ on this plot. Feeding was jllterl'upted completely on 
the 4- and 6-foot red pi nc plots. . 
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··TID5BIOLoaY'..\NDECOLOGy OF THE RE~-HEADEDPINE SAWFLY. 
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Figure 14.-Rale of defolialion by 1, 2, and 4 red-headed pine sawfty colonies. A. l-foot 
red pine; S, 2-fool red pine; C, I-fool pack pine. 

In addition to defoliating the trees on which they were jntroduced, 
the larvae migrated to acljacent red pines~ where t.hey continued to feed. 
In the study urea of :2-foot red pine, migrants from the 4-colony hosts 
established themselTes on 14: trees; 2, trees were completely defoliated . 
One of 10 pines attacked by :2-co]oIlY migrants ,yas 50 percent de
foliated. In the study a.rea of 1-foot red pine 29 pines were attacked 
by la.rvlllmigrants from the three 4-co.1ony host trees. Twelve were 
defoliated in excess of 50 percent~ 8 were completely defoliated. Mi
grants ft'om the 2-colony trees established themselves on 18 adjacent 
pines. Six of the pines WHe defoliated in excess of 50 percent, 2 being 
completely stripped. )Iignlllts frolll the I-colony red pines re:lChed 
5 nearby pines where they' caused only minor injui'Y. 

Jack Pine.-The jack pine defoliation plots were located on saud
blow areas l'epl'csentati ve of forest plantings most susceptible to sawfly 
attack (fi~. 10. p, I!)), Defol iation of the I-foot jack pines was com
pleted within lui average of 10, 13, and!) days by 1,2, and 4 colonies of 
sawflies, respectively (fi~. 14:, ('). Disease curtailed feeding on the 
l'emainillg' plots. Lnl'nd migTants from the 1-foot jaclc pines suffered 
mther higll mortality after leaving their host pines owing to high 
sand-Sllrfnce t('mperatul'es. Despite tlH'!'ic losses lnrvae from the 4
colony trees established themseh'cs on 21 ne:trby pines, where they 
caused defoliation in excess of 50 percent on 4 trees, Migrants from 
tIle 2-colon,Y tl'ces aHa<'1mcl 28 nearby piues; 2 of the pines sustained 
defoliat'ion in excess of 50 percent and 3 were completely defoliated. 
One-colony migrants reached 23 ]1(>:tl'by pines, completely defoliating 
] :lIld severely deJo] iating' 2 others. 

These intcllsity data lla.\'c pl'aetieal application in predicting the 
rate of defoliation of forest plantations and the time limits WIthin 
whi<:h control operations must be completed to avoid severe deJolia
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tion. For example, control applications mllst be completed within 
10 days after larval hatch to prevent 50-percent defoliation of I-foot 
red pines by I-colony infestations per tree, and by the 5th day to prj>
vent 50 percent defoliation by 2-colollY infestations. To avoid com
plete strlpping of I-foot red pine, control must be applied before the 
18th day after hatching- on l-colony infestations and by the 11th :lllcl 
6th day on 2- and 4-eolony infestations, respectively. On the I-foot 
jack pIne plill1tations, 50-pe)"ee11t defoliation would result by the nth 

day on I-colony infestations, by the 7th :lnd 6th clays from 2- :md 4
colony attacks, 

Site Preference 

During the olllbr(lnks on tIlt' ~ha\\'IH'(l Xationa1 Fo)"l'st. areaS sup
porting exceptionally high f'[lwfl,\' populations W(ll'(' kept und(l)" ob
servation to g-ain an insig-ht into tl\(l (l('oloI!Y of the s:ndly, 'Yhen 
shaded and open-gl'o\\-ing- pilH's wP)"e pn'spnt in tIlt' S;llllt' plantation, 
Ole former wel'(l p]'(lf(,I'J'('(l, 'Ylll'1l tIll' lattP)" W(,l.'(l inf('stN1. most of 
the nearby shaded pillE'S wel'(' also infested, "1lE'11 th{' sawfly popula
tion cleelined in H)+T and l!l+H, pines g-ro\\-ing- in th(l op{'n ,,'ere 
first to become fl'ee of sllwfiieH. In lll'paS of low poplllations, only 
pines growing in the shade' of on'rtopping- hardwoods '\'(l)"(l infesiNl. 

This is lIot in accord with t1H~ findin!!s of Brown and Jhyiault (7) 
and ..:Uwoocl and P(l('k (.!), \\"ho 1'l']lOl,'fl>d infestation::: in only ,YOllng
pines growing- in the open: nor i:-; it in aeeoHl with the report tlult 
shaded-pine areas \\'(l1'(, l'platin'ly fl'N' from sawfly nHac-k (Jfac.\loney 
and Secrest 1.9), BNd (.J), ho\\"(>\·('r. r(ll)()l'tp<l .:2:~ pereent of open
growinl! shol'tleaf pi n(l~ infe~t(ld a~ ('om par(ld to :}:3 p(ll'cpnt o\'(lrt'oppcd 
pines infestl'd with tlw :,;awfly, . 

To cletel'ln i11(l. mOl'(l H('C'lll'Ht ely th(l iTl'PS 01' pa rf:: of trPl'S Illost 1'1'('
quentl,)' attacked, the site of I'g-g- deposition was ill\·pstigatpll. The 
pl'esenec of sawfiy eggs is a h(lW'1' Cl'it!'l'ioll of sit(l sl'I(l('tioll than the 
presence of lal'va(l b('l'allS(l the hUel' Illa)' ill' nbs{,llt as a l'l'sult of l'g-g 
parasitization, In shaded ar('as, oviposition clid not follow a sp('('ific 
pattern; eggs W(ll'p laid Oil IW(l(U(lS on RIl pHrts of :::hol'tl(lnf pines. 
UncleI' partin1 shade, hO\\'('\'(lJ', (lg-gs \\'PI'P COlH'pntl'aip(\ ill th(l most 
dellse1y shad{'d llPNII(>s. In (>lIdl'1ll it' popula t iOIl~ o\'i positioll was 
l'esb:icted to shil.d(>d aL'eas of planiatiolls, 

On olw11-gl'owillg shortl{,;lf, saw(1)- (lg-gs wen' t'ollc'{'ntl'atNl in the 
denS(' l1eNlle elust(lI'S Oil th(l 10\\'PI' 1)J'anl'hps, Of TO Pg-g batch!.'s laid 
on 20 open-growing trees, during the s(l('ond gen!.'ration in l!Hi, 43 
were .hid on (h(l ::olllh and l'a:-;t sidl'S. !l on till' nOl'th :;il1<" (i Oil the 
west, andl'lw 1'(ll1lailling 1~ Oil thp ll'a(l(lI', "'ilh till' (>x(,pption of (lg-:.rs 
laid on the l{';ul{'l', all wPI'e 1aill ill tIl(' d(lIlSP lll'rcllp eluFtprs on the 
unclel'sicl(l of til(' lowl'l' hl';! II ('\1 (lS, Dllt'i Ilg- th(> l'IHlel11 i(' 1ll'I'io<l in 
1948-49 O}!gs laid on pin!.'s in poor-slIl'rind ;tl'!.'as \\'el'(' also ('on('(lI1
tratpc1in clt'n1O(l IH'(ldl(l dnstl'rSoll 1II(,low('I'\)l'anl'lIPs (Iig, l:i), 

It apP('ul'3, tIH'I'pfol'P, that 011 Ill(> ~hawn(l(' Xatiollal Fot't's!: til(' saw
fly selected shaded pin{'s. and I'll(> most <1(l118(>ly slmc1(l(l parts of par
tially sha<led 01' oPPIl-g-l'o\\'ing- piJl<'s fot' o\'ipositioll, The nliaek Oil 
roadside and r{'('rpntiona1-sitl' pillf's was On(l of :l>ililabi1ity, Con
fronted \\'ith bllt. on(l {'hoi('(', 1'llI' sawfly oyipositecl on whate\'Pl' pille 
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species was pT'(~spnt and suitabl£', 
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Figure 15.-1'00. survival of a shortleaf pine plantation Ihal was highly susceplible 10 
red-headed pine ,awAy attack. Pine in foreg'Qund had large concentration of sawAy eggs 
on densely shaded needles on lowe( branches. 

()II Ilw .\Ialli~ll'l· X:llilJl1:t1 Ffll'\"I, l:tr!!(' l'OIl<'I'IIII';lliOIlO' Or ;.:awlh· 
l:trn!t' \\'1'1'1' flI'''-!'I'\!'.! ollial'\': alit! j·!'d pllll' plalltal iOIl- ()\'Pl'lop]>l'd IJ~' 
bal'dwllIHb. III addirillil. (I11lt" !!1'O\\llI!! ill !)(HW....IIl·\·ind nl'l'a~, 011 
"':tilt I 1')0\\" altd :dflll!! till' l'd!!I" Ill' ,'Ill"pd plant 1\1 iotls Wl'n' ",P"PI'ph' 

illJ"t'-Il'd, TIlt' illfp"'latioJ; l'alll'l'll" :lIld tltl' -t'l'PI'ity of attack 1111 tll(I 
fll/'I'!!lJill!! ... ill' .... :11'1' dl ....'·I!'-'t'd !Wlt' -1'1':11':11('1", 

."·"II,t! l'It/I,I'II:u1I\. Ih·/'"Ji:llinil I'P"lIltill!! frolll Illp l!ll!i I,.... Ollt

hl'(·:d, Oil III!' .\Iaui-tl'1' Hall!!!'/' J>j"ll'lc'l W:b IIlfJl'l' :-('\'pJ'(' Oil IIl1dt'I" 
pl<lllll'd j:lt'k piJ!I'IJI:1I1 1111 j:t.-i, pilII' !!ro\\ill!.!' ill Ill!' 0111'11. TIll' il1l\'~· 
latinll W:\- IIIIJI'(, ill/I'll .... '·. l.. )dl fl'ft1!1 Ill\' "lall!ll'oilll Ill' 111111111('1' atlHt'kl'd 
awl tIl!' tiP!!!,!,!, Ill' dpf"li:lllll!l til' Illdi\idllnl 1]'('1'''':. To pYniIlHI(' (it(' 
illJllll'll"1' Ill' lwrdwlll);/ t'II\I'I' Illi -.j\\/I\ ,iit' "1'1('('lioll. :!.~/ OIlI'·tl'lllll of 
all :lITl' phlt, "olllaillill!! 1. J;/!l Il'p\," \\:!,l'f' I'SHlllill!',l ill an :U'Pfl o[ ,l(i() 
:\('1'(',. II r 11 lIrl"]'j dallt I'd j,,1'/, piliI'. Thl' II/lloltll! () r -.lmdp \\ it", I'oll),!h ly 
(,~iillt:t!l'd willi 1" 11:lnl\\IJlul ll\·pt· .... llll·r (,10-'111'1' I'ail'!iol'il':-, nnd 
lIn· 1I11llllwl' III' 11'1'1" "Illt'lt. tIll' 1II1l11!lP)' i':ll'linlly ,ll'roliall'd hilt IInr 
kilh'd ill ]!l!t; :tlld 1!11;-. :I lid Illl' llililljlll'pd \\'PI',' lalliptl . 

•\ltltol1!,dl:t pl·II!,!·l·I' ........ !\\' 1l1"l'p;(,,1' III alln,']': "'n-. pyidl'1l1 a,.ital'!\wood 
,'I'OWl! ('!Il"lil'l' \H·(·:tltll' 11l"I'P ,·tJJllph'lp. Ihl' l'l'lntioll"hip \1110' nol :;IHti:::;
ti(':dly :-i,!!llilil'Ullt (('Ol'Jlh'i!'1I1 of ,'ol'l'!'iatioJl l' . tl,(j!)~. I ]>pt·(·(·.llt: .:;' 

11.!IJ;-.;) /l"I'I"'1l1 11 ..... 11 I. 11,1 ...."ihly 1Ilidpl' iI'"'' .... ('''I'I·P ('onditioll!:" the 
l·p};ltiol1 .... bqJ lIJi!,!'bl !t:\\I' \J1'1'1l lilln'l' 1'1·0I1011ItCpd. ()II Ihl' :t "PH Sill'· 

\'l'.\,pt! "' ..... :; 1'1'1'1'('111 Ill' till' II'p!'",: ,·\.:tlllilll·d 111I1! lH'PIl :lIIIWkpdlJ,I' tltl' 
:-:lwll \. 

Th'!' al'I'lllll1dnt in ]!) In I .... ,..:l\\lIy ilt1\·o.lnli(]1l ill llll ac1j:l('PlIt SO·acl'e 
1IlIlh' I'"'to)'y .ilJ(·k piliI' plalll:tlioll\r:ls dl'Il'I'lllilH'd llftl'j· [lip ('{)ll1plc
tioll ol! tllP WI" <ipfllliatilJll. .'\il1(· plot:; Ill' :!.Ii {I'P!':'> ('nch \\'PL'C 
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examine(l along a :d-tree strip, The presence or abse,Hce of hardwood 
overstory was noted but 110 attempt was made to estimate the tlegree 
of overstory closure, In tl1e Rhaded parts of the plantation US,-:\: 
percent of the pines lmd been aWu:ked: in the open, 75,7 percent, 
Among trees ill th(> shade 74,S pel'cent ha(l been compl(>tely ddoliated 
and were dead: in til(' nonshaded areaS only :2:Ui pelT(>nt hac! been 
killed, These di tl'prpnces were statistically significant. Sawfly 
activity was at low ebb 011 this plantation during 1!l-l!l, ~\. few sawfly 
colonies wen" found feeding on tlIP sIlITi\'ing lln(\Pl'slolT jack pines, 
whpl'e S(,V(,rl' lllol'talit'y had oCC'IllTpd: pinC's growing in fhe open 
were practically frep of lan'ae, 

Phtnt(ltioll EdgcN,--Det'oliatioll of olc1("r jack pine pJ.mtntiol1:' is 
often IlIOl'p se\"(:!l't, alonQ" tilt' ('(1Q"l'~ than within tllpst' e1os('d stands, 
This pa.ttel'n O("CllITPd on nat'ioiw I fOl'psl S Sea tt(,l'ed th rOllgllollt the 
Lake States, On thC'sl' plantation l'<lgC':, ill(' 1.>l'al1('hps of jaek pine 
extendpd 1'0 t'l\C' Q"J"()llIH1. and Ih(' foliagc' of till' tl'C'eR was mOl'p dense 
than on tl'l'es gl'owing' wilhin lilt, ('iOSl'd "talld, Oil till' Cadillac 
Hangl't' Dish'iet ill lU~h-': and l!)·~!l, thp llwjority of tllP sawfly l'ggS 
laid on UOl'(lpr I n'('s 'H'I'l' on lilt' PI'otpCtpt\ lH'l'(l1!.'~ w('11 lIndl'r HlP 
low!.'!' bmll(']ws and Iwal' till' !.?:l'OUIHI. 

Plalltati.oll8 lntlt _-18N(j('i~tI((1 /:(}I'I/!" fIordll'(Jod",-ThrollQ"ilollt 
the sawfly ollthn'ak 011 thp (,;l(lilla(' Ha nQ"l'I' Districi f1'01l1 1!).I!i to 
1948 ('xC'e'edingly !Ie'a\'Y ddoliation of jack pill(' ()('\'uITl'd along the 
edges of plantations \\'Iwl'(' tlIP ('I'own,; of' bOl'(h'r har(l\n)()(]s l'xtemled 
O"el' thp ITC'l'';, Till' majol'ity of till' owrtoppl'd pines \\'PI'(' ('olllpletl'ly 
stl'iPIWd of tl1l'il' foliagl', TIll' r('\atioll"hip IJl'lwl'PII hardwood prl's
pnce allli sawfh' attnek \\'a;-; "tu<lil'd alon!! l'lll' :,()uth houlldan' of one 
jack pinl' plallhtiOll and thl' l'a"t iJollll{iary of Iwo olhel' philltatiolls 
'where l'l'sidlltl I h;\ 1'(1 woods :-,ha<il'<\ t hl' (lutl'l' rows 0 f jaek pi Il(" The 
(listanee of each jaek pilH' tre(' fl'olll all p:-.tablislll'd iJa:'l'linl' was Illl'aS
ured, all(l thl' IJl'l'('('Il( o[ dl'f'olinrion \\<\s ('stilllal('d wilh till' gpomctric
progrl'SSiOll prm'('duI'c jll'p\'iOll"ly out lin(,t1. I iardwnod SII'1l1S and. 
crowm; W('I'C'c \o('al-('<\ HlId ploltpt\ l\.~' ('I'own ]>I'ojl'dions, Sawfly defoli
ation was itlt'lll i !:l'cl by pddl'IH'l' 0 f PI'P\' IOtiS !J;Il'k fp('di lI/!, I'P II lIli ll~ 0 f 
ehc\Y<'cl nCPllles and llPl'tlll' :,Iwatlls. and by till' pn';:<('ll('l' of large 
qUHntilil's of Inrnd fl'n,..", 

Pine mortnlity was ('10:,('1" as:,o('iall'd wilh IIIP hardwood ('1'()\\,llS 
on the t'iOUI'lI tuid ('ast bOlllidarip:; of Ihl' st llllr al'pns: IIH' lalt'l'I' is 
illut'itl'atC'C\ ill fi/!lll'P J(i, TIIP <ll'('I'(,II=,p in dC'f(ilintioll intpllsity thnt 
OeC'U1Tl'd as the dh.;IH.ll('P fl'Onl thl' :-'Olllh-\)ollIHlan' hardwood (,I'OWllS 
illCl'ellfled is illll!'iil':tlt'd ill Jil!t1I'l' 17, Thai this'IlHl\' han' I'c:O:ldlecl 
from til(' 1)1'('s(,II('(' of III I'gl' I' :;nlOllnt;:< of foliagl' on Ihi., ]linp~ growing 
in tllp open is qIlPstioll:tbl('. ill \'il'\\' of !ll(' sll'iking dl'clint' ill llnmbpl' 
of tT('Pf; a ttn('\u'(\ as I Iw dist an<'p fl'o1l1 tlll' 11 a I'd wood. ('l'o\\'n~ inCI'pase( I. 

Prall,latiOlls Wilh .t.~N()(';'{/('d 11Ih"IIIII JJI/I'lI/I'oods,---TIlt' I'plalioll
ship bl'tWl'l'll hanlw()ods alldsi\wfly aitack in Ihl' :tiJ:;l'l)('P uf tht' iJol'lil'I' 
jnflul'l\('c was ('xalllilll'd ill (1)1'('(' ja('k piliP nl'pas ('ont;lillil1g singlt' 0\'1.'1' 

topping hnl'(lw(lo(\s \l'il hin p\;lllt;ltioll;:;, Sp:t('illp' or pilli,s w;is (i by Ii 
ff.'et thl'ollQ"llOUt. P\'('ll IIl1dt'I' IIIP I'l':-idllal hHI'dw()od:-., Till' di~lnll('(,s 
of c:t('h ha'nlwond alld of flip pint'S fl'om all l'''talJli~l\('d b:I~l'lil\l' \\'('1'(, 

1l1{,':tHlll'('(I, thl' 1)(,I.TPlIt of' <\l'folinl iOIl of' p;l!'h pilH' {':;I illlatl'lL alld hnrd
wood ('1'0\\,11 Pl'ojPctioll 0\'('1' t lIP jark pint' dl'!t'I'mint'(1. 

• 


• 


• 
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• 


• 
Figure 16.-Heavy red-headed pine sawfly infestation associated with shading by residual 

hardwoods of east border of jack pine plantation • 

Trpp,.; dirpt'tlr h(,lll'ath h:u',hn)(HI ('I'IlWl}". :tlill in n IIHIHJ !'xl['Julin!.! 
10 !Il1'l1orth \\'I,i'\' "()llLpI('tPiy (\t'folintp,ll1l (,\PI'Y ('a~p Ilig:. 1:-'), .\gaiil 
dlPI'!' \\'a" H dp('lil\l' ilt till' 1I1111t!Il'!' or II'I'P'" all:wkl'd a ... 111P ,1i:'ltlJl"l' 
rl'fIlII tIll' hm',l\\Il(HI (']'011'11 ill('l'l':t:-'("l. 

1'1,(/lI"!;{JII.\ ill stllllll11n/!', '11',1 I 'II fI I' _'lfl";"''; .[1'111::. :-;P\'{'I'1' ...:\11'_ 

lIy a!ltH'!': al ...o ()('('lllT\'d ill 1'1'.] :tlltl j;1<'1\: pill!' !.!/'()lIiJl!.! ill ...:tlld ]J]ow,; 
alld \\'JII'['[' "m'\il:,l W:t" pou}' "II till' ('adi]I;", HaJl!.!YI' l)i-.ll·i('( dlll'illg 
I P Hi 1'--. It ral'pi.\ l'x(pwkt! l,p.\ Oil!] t h!' Iii'... , OJ' "'('('o/ld l'oW:' of (lilll'S 
!.!I'O\\ ing ill ...O( ldl'd 01' (,]o"pt! parr ... oi' ... talH 1:-, ( (i)!:-, I !I •• l :t lid IJ. ntH I :!() ') , 
Tltp lImjortty of P!!!.! Iml!'ltl'''' 1111 piliP"; ill dll''''!' HI'P;I" \\PI'\' dppo"itpd 011 

dl'll,..!' 111'1'111" I"lll-'(l'I'... Oil tIll' 1()\\1'1' hl':tIH'lu'-, llli!ial illl':l ... jOI1 0[' Ill'W 
plnlllill!f"; by tIll' :-'HWJly ()('('lIlTl,d ill ...al\(l hIO\I .... 

Low P01)CLATlON RELATIONSHIPS 

• 

.\l'l'a-. l'('ologl"ally f:t\()I':d,h' In tIl(' ,,:\wlly Oll tIll' :-;l1H\\'!\l'p nwl 
,\faui,.;!l'" XatlollaIFOl'p-t,.. \\{'l'P ('XtllllillPd !H'l'io<iic'ally thl'()ll)!hol1t 
illl' Oll!hl'(·ak,.; I() dl'il'l'llIiJIl' tIl(' :-ttltu:' or till' ,;alrlly pOjlllluttoll. I'rae
(lcally ('WI',\' f:l\()I':t1,ip ,..i!1' itndlol'I'III'l':'('l'IlJil' pOl'llla! iOIl"; IOllg aftl'I' 
I Ill' ppid!'llli!' ';1IJ,,..jdpd, '1'111'-\' 11('I',;j-.(ill!.! population ... ['Oltl<l ('Olll'ph'· 
al,]y IJ{' tlll'i()!'i or 1'11(111'(' IIlllln'PH];:'.•\1'£';1:- Oil tllP tllO r(JJ,('"t~ will be 
di";;'ll"~('d "Pjl:ll'al!'iy a,; !Ill',\" 1'('1'1'(,';('111 clill'PI'Pllt !!'I'()!!l'uphi., HI'pn ... ,,-jIll 
di 1i'1'l'l'lIt JIII:-! ,..p!'(.jp,.:. 

Shawnee National Forest 
l<'il>! to I)('('ollll' 1'1'('1' of :-::l\\'f1r :I{" irity IrllPll ,.;1\111" pOjllllatiollS 

d.l'elilH'd flit IIll' :-;ha \\'11('(' Sal iOIl;d ""()J'p,.t' ilt 1(11:-. w('l'!: Opl'" plaJlla
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Figure 17.-[)iagram of south edge of jack pine plantation, illustrating heavy red-headed pine sawfly attack in vicinity of hardwood crowns. 
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Figure lB.-Diagram of jack pine plantation, illustrating severe red-headed pine sawfly 
attack in vicinity' of I)"rdwood crown. 

• 
tions. Hescl'\~oir s::rwfly populations pcrsisted in shol'tleaf pine plan
tations where sassafras and persimmon overlopped the pines :m(l 
where hardwoods shaded plantation edges. No differences in egg 
parasitism between shaded and open plantations occurred which could 
account for the continued dHl'erentinl sawfly attack in tl1c shaded areas. 
Defoliation in the shaded areas increasccl in the second generation in 
1049, and in the third generation sawfly activity was markedly in
creased over the forest as a wh01e. He:w.iest infestations were obscrvecl 
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Figure 19.-Sand-blow plantations severely defoliated by red-headed pin" sawfly, Manistee 
Notional Forest, 1948; A~ Jack pine; 1l, red pine • 
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Figure 20.-Diagram of jack pine plantation, illustrating severity of red-headed pine sawfly 
attack in area of poor survival. 

in the shaded areas; only scattered defoliation occurred in the open
growing plantations. Reservoir sawfly popUlations aJso persisted on 
the open, widely spaced, poor survival areas of shortlea,f pine in 1948, 
and heavy defoliation of these lone trees occurred during the increased 
sawfly activity period in 1949. 

Manistee National Forest 
Small sawfly populations were present on all plantations on the 

Manistee Ranger Djstrict and on the shaded jacl\. pine survivors of 
the 1046-48 outbreak. On the Cadillac Ranger District resel'Yoir 
populations persisted on jack and red pine growing on the plantation 
edges, under hardwood shade, and in sand-blow areas. Open planta
tions and where the pine crowns had closed were practically free of 
sawflies. Volunteer pine seedlings established in areas where complete 
defoliation and mortality of jack pine had oCC'lll'l'ed were attacked by 
the sawfly during 1949 a.nc11950. On one area 7 of 34 volunteer seed
Jings and 6 of the jack pine survivors of the previous outbreak were 
attacked. Fourteen sawfly egg batches were present on the volunteer 
seedlings and 14 colonies on the original jack pine survivors in the 
vicinity of the hardwood crown. One of 10 volunteer seedlings hl the 
shaded area between 2 east-border hardwoods was attacked. 

CLIMATOLOGICAL INFLUENCES 

The profound influence exertecl by climatic factors on forest insect 
survival, distribut.ion, and development is wen recognized. Studies 
of the influence of c1imatic factors on the red-headed pine sfl,wfly are 
few, however. ,\Yith the exception of papers by :Middleton (131) n.nd 
BrOWll and Daviault (1), casual obscl"yatlons constitute the informa
tion available. 
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Temperature 

Numerous workers have reported early emergence of sawflies from 
cocoons spun in sites eX,posed to maximfll quantities of daily heat, and 
they report the early appearance of sawfly adults following abnor
mally mild springs. Daviault 7 recorded that the peak of abundance 
of adult emergence generally coincide(1 with similar peaks on air
temperature ClUTes, and that emergence: was more rapid from cages 
well exposed to direct sunlight. .A decrease in the number emerging 
and an increase in the time of emergence ·was observed as depth of 
cocooning increased. Females and males appeared in the morning as 
soon as the heat of day was felt, and practically all adults had emerged 
between 8 o'clock and noon. 

Brown and Daviault (7) report that the red-headed ,pille sa;wfly had 
the highest theoretical threshold of de\Telopment after hibernation in 
the cocoon of any of the ti speci.es of s[t"wllies investigated in Oanaclrt. 
Females had a theol'eticnl threshold of :WO F. and the males 47°, ·with 
thermal constants of 4H and 441 day degrees, respectively. Under 
field conditions, a 2.G-pcl'cent dect'(~nse in time was recorded for' females 
and 2.0 percent for males. 

The writer observed reel-headed pine sa:wflies ovipositing at ail' 
temperatures as high as lOGO F. and as lmy as 46°. Oviposition time
the time cOl1sml1ecl in cutting the egg pocket in the needle, laying the 
egg, and moving to the next egg pocket site-vn,ried according to 
temperature" At 00° it ayemged 4D seconds pel' egg, and at 52° 143 
seconds. Between GO° ancl70°, ovipositioll averaged DO seconds ,pel' egg. 

Egg incubation iirne is closely associated with atmospheric tempertl
ture. Hatching OCClil'S earlier dmillg periods of high temperatures and 
is markecLly delayed dlll'ing periocls of low temperatures. l\Iiddlcton 
(121) reported egg incubation times of :21, 18, lLnd 13 (hys at mean 
temperatures of 71.23° F., T·l.iJ()O, [LJl(lT8.8°, respectively at East Falls 
Ohurch, 'l[L DaviaulL 7 reported mean incubation periods of 25 clays 
at 64°, anel23 days at (;70 in Quebec, Canada. Errg incubation periods 
averaged 20, 15, and 24 clays during the Jil'st-; second-, and thil'd
genemtion aeti vi ty periods in .Jllne, August, and :::leptembcr, respec
tively, on the Bhawnee Xatiolla] Forest. 

Larnll :feecling is retardecl duriug cool, cloudy clays and accelerated 
during warlll days (;21). The \Y\'ij-('r obselTed (I. decline in the feeding 
intensity when temperatures neared 100° F., and complete cessation 
below 55°. 

The sevCl'e mortal ity among Illigl'a(i ng larvae caused by high sand
stH'face temperatures has been discllssed in a foregoing section. Lar
vtd survinLl was less tlllLll ;1 minutes when sand temperatures above 
105° F. ,vere encoUllt-CI'PCl. Sawfly lal'vae Slll'viYed temperatures as 
low as 22° on scvel'ttl ()('('asions on the Shawnee National Forest in 
19J7, allCIl'C'slIl11C'll JcC'ding ill tlle \\'al'Il1C'l' })tlrtS 0:1: the chy. 

Moisture 

Little is kllol\'n COJ)('prni ng the influence of moistllre 011. reel-headed 
pipe sawfly actiyify. Middletoll (;21), sl1rmising that; egg hatch was 

• 


• 


• 

closely assoc'ial'(>(l wilh ]llllllidi!y~ 1llt'lItiollcc1 tha.t sftWfly eggs hatched 

7 S('(' foo(llnte 4, j'1, n. 

http:speci.es
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in 21 days at an average relative humidity of 74 percent, in 18 days 
at 68 percent, anc1 in 13 da,ys at 65 percent. He added, however 1 that 
normal hatch was probably greatly influencec1 by a balance of the light 
and moisture with limits and optima existing. Brown and Daviault 
(7) observed greater sawfly survival in the cocoon stage between 40
and 45-.percent relative humidity than between 00 and 95 percent. 
The threshold of development of female sawflies was 10.80 C. in the 
90- to 95-percent relative humidity range and 9.5 0 in the 40- to 45
percent range. nIale threshold temperatures were 9.4:0 and 8.40 

, 

respectively. 
Light 

Sawfly emergence on the :Manistee XatiOlllll Forest from 1946 
through 1950 reachec1 its peak dudng the first week of June, accord
ing to Forest Seevice personnel. Since oviposition generally begins 
SOOn after emergence and reaches its peak during this period, the 
shadow patterns cast by the hardwood CL'owns in the first week of 
.Tune should closely coincide -with the areas of severe infestation ill 
the vicinity of the hardwoods if a yalid shade-infestation relrttion
fihip existed. In the absence of an ';oyiposition week~' shado,\' pattern 
(thE' lateness of initiating field studies in 19-18 and 19-1D prevented the 
measurement of sluldow patterns during the oyiposition period) the 
shadow pattern cast during the ,wek of ,July 10th. U) days after the 
longest day of the year. was :::electecl as most similar to that cast during 
the first week of .June. The areas of heavy infestation coincided with 
the shadow patterns cast at 10: 00 a. 111., 12: 00 111 .• and :2 : 00 p. m . 
(fig. :21) : the 8: 00 n.. m. and -±: no p. m. ::hadows were prnctically 
horizontal and therefore are not considered. 

Although the, ::awfl:y selected sluldecl pines for o\'iposition and the 
c1en::est needle clusters on the open-growing pines. the absence of 
light may not be designated as the only factor influencing: egg site 
selection. Othe1' physical factors com111only associated 'with de
creased snn1i!!ht may also be actin!!. JJilrel'ences in neerlle cllal'<lc
,teristics whicl1 cOllceivtlUh- influelll:e site selC'ction l11a,- occur under 
these conclitions. Final l1eedle selection 01' rejection \YflS undoubtedly 
based primarily 011 needle characteristics. 

PREDICTED NUMBER OF GENERATIONS PER YEAR 

The aynilable information ('oncel'ni]]g the nnmher of !!enC'l'ations 
pel' year of the sawfly has been Sll pel'ilnposNl on a map'of eastern 
united Stntes Ehowin!! the llTel.'H!!e lC'll!!th of !!l'owil1!! season. based on 
the a'-el'age nnmber ()l' fl'ost-fr~~ d,l):S pel' ~.(>t1l' (J,'t. Jig. ::!::2J_ Pre
dictions of the number of !!eMratinns of th(> stlwfh- are ba.sed on 
ave.rage growing seasons, amI <1e,·iatiol\,; in number o(gel1('ratiol)i' ('an 
be expecFed during exceptionally long: or short growing seasons. 

INFLUENCE OF DEFOLIATION ON HOST 

In northern L"nited States and in Canada, jack and red pines Sl1.C
cumb to a sin!!le. complet~ defoliation. Single brnnches generally 
clie, although pal·tiaIly defoliated bl'ancliC's fl'('qlll'ntl)- :;l1rvin,~ if a 
few needles or liying needle Rtl1bs remain. .Among the southern 
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Figure 21.-Diagram of jack pine plantation illustrating relationship between hardwood 

shadow cast during red-headed pine sawfly oviposition period and heavy sawfly attack. 


lutrcl pines loblolly, longleaf, shol'tleaf, and s1ash pines often survive 
complete defoliation. 

Beal (-'3) reported sllOrtl<.>af and loblolly pines better able to with
stand reel-headed pine sawfly defoliat.ion 'when growi11g in ·the open 
than when growing- jn competition w.ith overtopping hardwoods . 
.Mortality among open-growing trees resulted only when 75 percent 
or more of the foliage. was destroyed; 84.2-percent. mortality resulted • 
when 76- ,to IOO-percent defoliation OCCUlTed. Among trees growing 
in competition with oycrtopping hardwoods, 33.3 percent died when 
26 to 50 percent of the foliage was clestroyed 55.0 percent died from r 
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Figure 22,-Predicted number of generations per year of the red-headed pine sawfly, based 
on length of growing seaSon, 

51·· to '1G'prl'('('nt (/pfoJiatiol1. and. Dn.;; !l('f'('pil!. dip<1 "'ll(,!t '11l- to 100· 
l)(,l"(;('nl; defoliation ()(,('lll'l'(~(1. :;('\'('1'(, J'OU! ('OlllIH'titioll and l:ll"\,ill 
bnJ"k j'C'P(lillg' \\"('1'1' po:,sib]e addition;)l faetol's influPlll'iug sllrd\'fll. 

• 
The cfl'C'i'ls of (lpfol.iatiol1 011 sh()J"tll':l f pin(' SlIl'\'jy:d Oil th(, ~lHl \\"Il('C 

Xntional FOl'('st wu~ evaluated on l~;:i (1'('(':; slls(n i ni Ilg Vtll'ying d('gl'N'S 
of lill,wfLy JpC'ding- in 1!1·J7 ill all OP('II (i-YPlll'-old p]nl1f'llf'ion. TJ'C'e 
hplgllls Wl'n' 1lI('nslI)"(·<1 to tlWIlPill'('st j'oo! (mel e1rl'oliatloll ('st itnlltc(l. 
In. N'o\'PJllbpI,' j!un ill1 (T('es W(~I,'P l'Pl'xtlllliurd, fl'rc vi,!!Ol' l1o(Nl, and 
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tree heights l"rl1lr:lSI1l"Nl. Although the initi:t1 ptll'p(Js('wn~ ("0 (]l'fPI.'
lllille shol"tlpaf pint' "II1'vin\,l foll()win,!! defoliation oJ nll'iolls illl'(,l1- • 
sities, tltt' gl"O!-'S !'Il'rcts of ""dial H1HI ('olllpll'lp defoliation Oil I':\tlial 
inel'(.>l1lcnf: \\"(,L'e also d('1ll()11StI'H ble, 

HOST SURVIVAL AND~VIGOR 

Sho]'flpaf pill!' IlHlI'taliiy l"P::;ultillg' fro\ll \lpfoliation W,lS IIl'glig-ihlt', 
Only :l or ,I-J. pint'S ('olllple("ely (l\'f'oliait'tJ hy thiL'll-gl'lll'L'nlio\l lan';\p 
in LV-Hi tlil'd as it l'PSltlt or tIlt' aUnek, .\11 tn'l'S pn I'tiail.'" 10 ('Olll PIl'll'l.'" 
dpfl)lialt'cl during tILe iir:,;t- or sceond-gl'Ill'I'tltioll ]H'L'i()(1 ill llJ.li SIII'
\"iypc! nlHl rt'gninl'd t1wir fot'IllPL' rigor tlig, ~;»). J[pigltt-gl'owlh (·x
]>L'(':;::;ion of defoliation injury WllS Jllaskpd by leaclPI' (lestl'lIction by 
the Xalll t1('krt,pilH' tip moth (R ItYllc'io-ni(t /1'w;tl'CtilCL (COII1St.) ) 1 dud ng 
IV:I" llndlfJ-1K. Dpspitp the eomb,ilWd sawfly and pine tip moth injuL'.r, 
ltPlgllt growth for till' :i-Yl'ar pl'l"lOd ttnl'ag:I'd cL:~ fpet Oil ·n treps COIll
pletC'ly ;';ITippPllll)' tllir(l-gPIlPI'atioll JaLTtl(' ill I !lcUi, -1.(; f(,pl' onlfi tree:, 
dptllldp(l ([urill!! till' fil'st !!:(,IH'I';ttioll ill l!l-I,'. and, ;\.;1 1'1'1'1 Oil :20 tTP(,S 
('OIl1pll'(l'ly dpr;;liatl'tl by th(' ;;('('OIHj gPll(,l'nii~JIl ill lD.J:'. 

RADIAL INCREMENT 

Thp elrects of parlial and t'ollllllde dpfoliaiioll OJl !':lclinl il1('I'(,1111'1I1 
\\'('L'e !iNl'I'lIliIlP(l by ('(llltltillg nlp :t\'l'l'agp anHual I'a(lial iJl(,l'PIlll'1I1 of' 
defoliated tn'('s with that of ('omptll'able JloJldl'folinip<l IL'PI':-; ill 11t(' 
c-UIIIl' plantation:" Two pi ill'S f[,om padl (ll-fo1iatioll ('aipgol'.\· W(,I'(' l'ut 
fi illdll':' alJo\'p tllP !!:I'oull(l ill 'xO\'l'mtlPl' 1\14\) and tltp tlllllllal I'adial • 
iIH"l"(>IIlPllt 1l1l'a;;1II'p(f IlIH(PI' lL biJJo('\llnl' mi('J'o;;('oPP along ,·1· I'adial ;';UI'
fae(';;; tl\'Pl';We radial ill!'l'l'IIll'lII rOt' all (1'('p;; t!tl'oll!!:h l!)-IC; \\";IS ('0111
pnlpcl ll:-: a :-:i'uglp a \·pmgt'. . 

'fIll' ('Ired's of Jil'sh!PlH'l"tllioll :--a\\'[\r dl'roliitl iOIl in I !ll, 1\"('1'('. 1'1'

fl(wted in a l'P([ndioll'iu ltlllllltli ill('l"l'lilellt in til(' year or i"jlll'.\" lIlId 
a l'apicl l"pl'o\'pry dnrill,!!: l!l·l-' awl l\JI!l (Iig-, ~-1-•. 1). '1'11(' l"('dlll'tioll in 
i11ll111al ";l(lial itl(·,'pnH~Jll a:,:'ocintpd with HJ.\\"II.r dC'rolial iOIl WtI:-: ap
pl'(IxiJllntpl,\' ill the ol'del' of tlLP ";('\,PI,ity of !lit' illjury: lJplo\\" ,-IIJ-pl'I'('Plll 

cipl'olialioll. )'('(I\1('(joJl,.. illllllllwll ill('I'PIIIPllt \\'e)'{' Jlot dl'lpclihll', "\\'llPll 
('()llll1Hl"P(1 OIJ till :1('('ll1ll11lat i\"p anllual ilH'l.'l'llwnt IJn"i::; tIll' tPIII]lOl'nl"Y 
1I:t t 111'(' () r tllP i 111'1'1' Ill!' 11 t lo;--:-: WU": 1'(' \'('H Ip(1 ( [j D.'. ~+. fJ ) . 

'I'll(' pl1'p('I;; or ('()lllpJPtl' :--p('olld-gPlH't'nl i(;n :--:1 \\'11.\' d!'f'lIliatioJl \I'(,I'P 
dl'l\'l'Il1ill('(1 hy ('oJllpnt'iug tlw an'I',l!!!' t1l1l1l1al radial ill('\"\'lIlPllt ofl 
pill('" ('(Jlllpll'tl'ly ,..{I·ipIH,d oj" till'il' [olia!!:p (!twing Illl' ,..('('\1 I\(I gl'JlI'I'a
tioll ill lDJ7 witit a lilw 1l1l1l1],Pl' of II'('P": ('ol1lplpiply (iprolilltpcl dllrillg 
IIH' iii':'!' !!:('lH'I'ntioll. Thp Inll' d{,foliatioll \\"a;-; I'pll('('I('(l ill tI rl'dlJ<'ljoll 
in till' j'o'll()\rillg ,.;pa,..OJ1'" ill('l"l'llH'1l1 (lig. ~-~,.L). 'flip (il'laYl'd etl'l'l'I:-: 
01' lkf'olia(jlll\ ill tlH' :'P('()l!tJ g('lI{'l'a(iolll'p:'lIltpd lJl'('ttll"l' 11l0:-;( or tlIP 
wood had 1>['('11 lai(l (1owl! priOI' (0 tllP initiafioll of ItdoliatioJl ill ('Oll
tm,..t to tht' fOl'IlIPl' sit \Jatioll ill \\'hieh dp!'olintioJl bpgnn prior (0 III(' 
('()lllplptioll of l'adial I!l'o\\'th. Tltp J'l'llill'tjol\ jll anllual iTWI'PIIl('lIi 
d II ri IW til(' na I' j"ol1o\\illl!; <ldo1 iatioll wa,,1ll i IIi llIi%l'llln" 1m :1('('('1 PI':l C

' 

!ion i~ l'mlin 1 !!:l'o\\,( II dilJ'j lJ!!: t It(' :,('('olld gl'O\\'i IIg S(,;'~()Jl ",11 i(,1t "[' •gailW(l the pre,:jou:-: lossl'S (fig. ~J, H). 
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• 

• Figure 2J.-A, Shortleaf pine iollowing complete first-generation red-headed pine sawfly 

defoliation in 1947. Upper branches and leader had begun to refoliate prior to com

pletion of larval feeding. B, The same shorlleaf pine fully recovered at end of 1949 

growing seasan. 
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Figure 24,-Compar1son of effects of complete first and second generation sawfly defoliation: 
A, On annual shortleaf pine increment; Bf on accumulative annual shortleaf pine incre
ment, 

The e{red!:> of a single' thil'<l-gr.ller';ltion (le.t:oliation W('I'('· not dell'!'
.mined, Uowcyel.';in fI plnlltalioll wher'(' l'omplete filil'd-gcllel'nJion 
deJoliatioll waH ('ollplcdwith previouH ::ey('l'(~ (Ipfo! inJion ill ] !),I(j, ~ • 
plots or 2~ tl'(,(~Hen('h ",'el'(} Rel(:cted nlH1 H HIII:I.I] squal'r. oJ phloem ['e
moved '.ft'om the bnse 01' eneh [1'('(,0.11 .Tune 0, 1!14:7, to WOU1HI '·.il<' grow
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• iug tissue so that subsequent growth could be identified. Five trees 
fr0111 each plot were cut iu November 194V for radial increment de
te.rminatiOlis. 

Complete third-generation defoliation comhined with the previous 
seyere defoliation durin!!: 10+6 resulted in a reduction in nnnurt.l incre
ment during 1D+6 fo]1(),ved by n. greater reduction in incl·enwnt in 
10·.1:7. ReCO\·elT was l'lLpid [lncl the injured trees appeared to be re
gaining their losses by 194D. 

POPULATION SURVEY METHODS 

The, development of: reliahle sampling methods for de!t'rlllining 
(oee:;t- inseet population leyel~ is often diflicult:o The, nwthods of ap
proach di (f('1' from those ll~ed for entluating agricu]tura] ins('et popu
lations. Pal"tieulal'ly is this true when Ih(' li.trge phYRical size of f01"('st 
trel's, the "itS!" a(,l'Nlg('s in\'oh'(>(1, and the ,·alue of thc crop :uoc con
Ridered. In nrldition, -ron'st insect sUlTeys al."l' complicated by vaTi
Mions in still1<l composition nncl dcnsity. and trl'C n!!c and shape. TIH' 
habits of the insect :::pecief', and the farility with \\'1Iich .its YariOllS lif(' 
stages ('an be cletectNl nnd exnmined in{\uenc-e the l11('thods employed. 
Finally, the ultilllnt(' npp.licntion oJ the insect: population density in
formation has a mark('d influPIH"('. 011 01(\ SlllTl'Ylllethod selected. 
('ontrol aeti\'ith·s. Jor cxample, mny requir(' ;1, srllTey method sl1fli
(,j(>ntly rapi(l find thOt"Ollgh PHough that· examination of tlH~ inf('stec\

• fore"t HloNt ('all b(> (,OllllllC't('d lw/'ol"P ('('ol1onlil: injury has 0('cl1l'l"el1. 

SURVEY CRITERIA 

Adult Stage 

.\dnlt saw/Ups htLYl' !lot pro,'e(l sati::Jaettll"r smon'y cl·iferia. Al
lholll!h 1'('I\(lily obs(,ITecl. th(' flight: p(,l."io<1 is shmot find thp peak of 
el1Wl"!!(>IH'(' HeIdorn l'xtend" m·p!" mmop thall :l \Yeplc Followin!! 1.'])1('1"

!!('IH'P th(' majority of ('nell Jl'nwl('s C'gg:; aloe laid w.ithin :2 or ;3 day". 
Timin!! ('onsiciern(iolls nnrl thp (liJIieulty of ohtnining an n(lC'C(llnie 
supply of \ il'!!in fl'males dul"ing the e1"iti(,:11 ndult flight perio(l pnte
rL('all." rujp ont till' uSP of' Yil°l!in female ))fIitpd trnps il1.l"(Hltille [lOpU
lnt ion <ll't(,l"lIlinatioll:'o ..:\,1011 sawflil's al°(' !lot utlT:wll'd (0 light;:;. 

Egg Stage 

~al\"lIor ('!II! popII1n.iiolll':-tilllllfp,,: :uop tlip()I'l'tilonlly tlll\ lIlo"t J"l·liah1e 
('l'it('loioll 01' initi,t1 ;.;awfl.\" poplllatio!lso ;-;1'\'p!'a.1 oiJ:-laelps lll"eelude their 
(lse in IO(Jl\till(' ::;lH'VPYS IIOWP\'Pl.'o TIll' sizp of the host tr('(\ infllll'I1(,(,S 
::;olll('what llw l"l'liahility of: this sbu!c as a. lIsdul c[Oitl'l"ion. For 
l'x:tmpl(', on (IOPPS 1(>,.:,.: tliuni.-fl'l'i in ilt'il!ht, Pl!g ('ounts h;"\,\'(' 1>ro\'('(1 
satisfactory, whil(' on Inr'!1Ho tTN'S oIJ:-;pI.TatioJ) (liflicultips reduce(l the 
('fIiC'il'lwy of e,.:tilllntil1l! til!' populationo The pl"eSPIl('l' of n, In.rge l'gg
para.sitp populnlioll IHOudi('nll.\· p!'pdll<l('d tlU'.11"(' of l;:t,wfl.r ('!!!!s in 
pn'conh'ol Slln·t'o\"::; 011 t1H' Shawnl'p Xatiorw I VOI'est". On tht> northern 
fort'st::;, widpsprpnd p.!!:g paloHsit ["Ill Ilns not O('('\lI"I'(>({ nn<l ('gg snrv(>ys 
]\:1,\"(' prowd 11101'(> reliableo 
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Larval Stage 

1.'J1e lal'Vfll stage ]1:1.S praYed the most reliflble :::H.wJI)r population 
C'l'it(,rjon :for control pl'ogmll1S, Once lalTa1 hat:eh is eomplete, de
foliation progresses at n. rapid rate, AHhong-h ell'ashe population 
reductions caused by eXil'ell1eR of we:tfliP)', :mel predation and clis('ase 
occur, the 1'01'111('1' are I'uther infl'('qnenl and tile httpl' l'elati,'ely un
common, 

On the Sh:nmee National ];'01'es[" til(' fil'st- and ('ai'll' second-instal' 
hn"'lw lHl bi tually feed ,,'pH bnl'k in th!' slll'liel'cd, dpl)se'ly shaded pa )'Is 
of sl]())'tlen:i' pine, Theil' small si:.:e, (~omhine(l with their secl'ptivc 
f('ed ing h nbi ts, limits th(' llS(, of llwse. ('ady instal'S, Second-instal' 
Jal'nle J1lo,-e onto exposed hl'HnelH's [ll1il ]e:uh'1's to continue :feeding, 
The stl'tlwlike flags left as 11 l'('snH of []H'i1' early lJ(,pdle-Nlge feeding 
habits (fig, 7, p,15) are also lIse1:ul ('ritt'rill oP Rflwfly ]ll'esencc, 

On the northern Jorest lln'<lS, , ....he1'(, ('olllplpje dpfoliation ]'esulis in 
mortality, sun-eys mllst bpgill earl)-, .Tilek <lncl red pinps seldom 
produce dense f01 inge and the l'tu'ly l:u'YH 1 Ill"ta 1'5 al'(, 1'(,11 d il,\' deh'cfed, 
P1'e.('onl'1'01 opP)'a tion f'lllTPYS en n gelll'l'nlly bp llIH1(,I'f:nl;:pn as soon as 
l:uTn.1 hn.tch is completed, . 

Frass Collections 

Fl'llSS polh'diolls hnn' ))('(,11 u:"rd SIl('('pssfully ill poplllalion ill\'('sti
gatiolls of f'PYPI'al fm'pst illSP<'iS attacking- Inl'g!' tl'P(,S, 13p(':lllH'. the 
sawfly sp]dOIl1 nllnc'ks tl'('PS tlmf ell'P mol'P {linn 1:2 {('(:ot to ];j feet in 
hpight, this rl'j!'Pl'ioll ,Y:lf' not (('sir(l h)' (he wrilpl'. n,,-as IllOt'c, fea:-;i
hIe to pxnllliJ1P lil(' h'pc fol' I:nTUI', Till' pl'iJ1('ipnl ,-alll(, of' fruss col-
IN'liOlIS "'tiS in IIle itll'llliill'H.tiOl1 or Inn'al j'ppdill,!.!' :2 01':3 ypars aftp]'
Illj \11'Y, 

Cocoon Stage 

'filliP nll<l ~JHl!'(' CO(,()Oll cnullf" lmvp 11(,pl\ 11:'\'11 sW'('p'isrnll,\' ill p'-alu
nLi)]g Slll'lICt', pill(,~ anel lal'ch sawfly populntiolls, Fnfortlillafply, th(' 
cocoons of the )'plI-l1p;\(I('(1 piup "awfl,\' Hl'P ofIen <lilliclIH I() ('ollel:t. 
The 1asl', illsfn l' l:I1.'\'a(' 111 i,!.!'1'U11' ('(Jl1shh'rahk distn 1](,(':; bef'OI'p spi nll ing 
ill pi]' ('()('OO)1S, pl't'H'nting slH'h a "'Idl' tiisil'ilJlllioll thaI' if' h;ill1pl':).C'ti('fll 
to SP:tl'cll fol' I'IIPlll. On s1lud.,' sOlb: ",11(,l'e n Inl'g!' q1lantity of slll'fa('(' 
<l(·~)J'i;.; (f",i!:!"" and sti('l\S) (':-.:isis. ('O('()(lI1~ ('nn lip rOllnd wit II 1i!'!I(' 
difii(,lIl1y; iii IO:llll," soil. ('Ol'()OIl spa)'cll i:-: fnl ilp, 

Injured Host Tree 

Ctll'J'pnL and. past "awlly d('foliatioll lIrt' PX('PI]Pllf SlII'VPj' t'l'i{{'}'ia, 
CU1'l'ent injl1l'v, iu Ill(' fOl'lll of' dl'llUdp(( Ill'allchps 0)' p:t!'ly instfl]' {ped
ing (lagR, <':m iH' llspd ",hpl'(' tillIP limitations (10 no! I'Pqnil'cimme<lialc, 
completioll of a SlIl'Vl';r, l')'Pyiou:-, ;.:(';tsclIl'S sawfly (kf'olintion can 1)(, 
elllplo)'Nl wllpl1 it i" 1lt'('p:-os;lI',Y to pl'pdi{'{', ('onll'ol1H'p([;,; !-ie"(')'al months 
ina<l \,;1Jwe, 

• 


• 

• 



• 


• 
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Ecologically Favorable Sites 

I>eriodic examination of plantation sites ecologically fayorable to 
the sawfly will re"n~al tl\(, relative popUlation Btat-us and indicate in
Cl'pases or d('('reasps in the population. The criterion employed mny 
bc the condition of the host tre(' or allY O"r the acti,"c im;pct slagps. 

POPULATION SURVEY PROCEDURES 

The illtensity of the sUITey. or the aereage of I-he in:f('stc(l area to 
I:e examined, is based upon seYl'l":ll ~fad:ors. Of lH'jmeimportancc are 
the overall acreagps known or sllspeetecl to be infested, the se,"erity of 
the outbreak, the time available, and the manpower that CHn be cle
yoted to t11e proj('ct. Th(' ptll"j)ose of the slllTey, i. e., wheth('l' the 
in-tormaUon is 1-0 be used inform lila ting plans :1'01' control activitjes 
or for studies of population h'emls, will a1:::0 in flnence the intensity 
of the Slll"\'('y and the type of information to be coll('cteil. The selec
tion of the sun-e)" ('l"iterion ,,·m depend, in addition, upon the} stage 
of the insect or host condition aYDdable. 

The :following SUlTe.\' procedure hilS proyed practicable for estimat
ing population leyels to determine the n('ed for applying control meas
m'C's against thC' l"C'd-lH'aclpcl pine sawfly: .A one-half perc('nt cruis(' 
is made of the illfestt'd p1nnt;ltion~, taking It sel'iC's of 10, 1/50-ltcl"(' 
(\\"o-trN~ l'O'Y plot!:', ('Hell 1 chain long, 11C'[" ·10 ~H'l"(,S ('xnmined. Thes(' 
plots rnny h(' ('xalllill('(l along a singi(' Jill(' or along tl s('ries of ofl'sl'ts 
ul'I'ang('(l as sfaggC'rC'<l stl'P;-; {hl'ollgh the planr:llion. Tn poor SlIl'
yivnl •.tI'ens. :.!i fTl'PS Illay 1)(' sl!lJsi itlltpd fot, tlln ll,iO-a('l"c plot"s. Thp 
following il1fnl"lllntio)l sholll(llw ('ol1c('(Nl tog('flll'r wilh a plnntatiOll 
map of tll(' H]'PH,: 

1. 	 Location or plnnfnfioll. tmrnship, rnllg(" sedioll, SlIbsl'dioll, 
oW11l' l'shi p. 

2. ])ale of slll'\"('Y. 

:1. S n l'\"(~y party: . 

,L Pen'Pll! crnis('. plol Im'ailOII. n 1J(1]J"l'()\'p(1111"l' fo11owed. 

5. 	 :UOll,!!1.1 F.kPt('h of plmltation Idock indicating parts ('xHlltillP(l 

and lIr1"p;·:tcd Hl'pa. 
ri. .\,'·CI":lg(' pln,ntnlio1l1lPighf. 
j. ~p('!'i(':; of pilw pxam i llP!l. 
s Entolllological ill fOI"ll1:l(ioll. 

:I. )(111111)('1' of illfpstl'tl :lHd llollinfp,.,ll'd [I·P\,,., (,III'I'Plll alld \,:1:-'1) 

; PPI' pl~)~ h.l' SIH'dp~.• 

h, ~t:tg(l oj !lISPC'! ])(',,;[ J1btal':'. pk. 

c. I;~stilll:tt(' of [II"PI'ioIlS alld (',lIITl'llt i Iljll 1'.1'. 

!). 	 ()1I11'[alldillg t()P()gl.'~lphk ,"('alllt'('S ril'PI'S, hdu'''', hills, Hlld llb!l 
l('lC'pholll' ] i ill'S. 

10. 	 Estimated OVl'l"stOI'Y" 

tl. Height. 

h. Sp<,cics. 

('. Sky (,0n'1.· (,l-'timllt('s . 


11. 	 Soil typP :nul ,12:1'01111\1 ('Orel', 

U. 	J{('('oIllIllPlHlntioll for llH'tll()(l or control: HPl'ial 01' gJ"(jlllHl 
C'qllipl1wnL 
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The ))lantation sequences to be foUowrd should be left to the CliS(Te
tion o{the survey leader, In general, the YOtlngt'Sf, most. heavily in
fested areas, and areas of high aesthetic yalue should be exami)l('(l 
rarly, Plantations of: the prefrl"red host growing in t'cological1y 
favorable sites should be high on tll!' eXamilltltion list. 

ECONOMICS OF RED-HEADED PJNE 

SAWFLY CONTROL 


The lIliilllalp dp("i;;ioll c011cernin!! till' initiatioll or artificial ('olltrol 
Jl1paSlLl'e;; [0 I'\,dut'(' il1;;(,(,( ]JllplIlatio'ns lIlust be Imsl'(l nn'SolllHI ('('OIlOllli(' 

and Plltolllologi('al ('on"i(lpra!ioJl:->, Thi::; nln-iollsl.'" 1'(,([lIil'(,:-> close co
opC'l'aJioJl ()f~ L]w j'OI't';;(pI' nml the i'm'pst Plltnl1lologi;;t. Bl'idl~', all 
(';;t:imai't' of popIIlation ;;uJllll.'p""ion expPIHlit 111'(>,:'; JlJu;;i· 1)(\ compal'ed 
with th· pre<li(,(pd 1os;;p;; thai would resllit if' C'Olltrol lIll'aSIII'es were 
!lot, app1i('(1. It shollld 1)(' ('l1lphnsi7.PIl. 11O\\,l'\'PI", that itis !lot gen
PI'ally entonlOlogicalJy ;;01111«10 nttp1l1pt I'nHll(,Htion of wi(h'spl'('[1l1 
nati,-!'. fOJ'('st defoliators, . _\];;0, it: is ]Jot sound to nttempt '[llrthel' 
population l'pdu('(ions IIndt'1' (,11(1(,l11i(' ('onditiolls, ~\rtilitHI (,()I1Il'ol 
n pJ)lica tioll;; :.:hollid lw. con,.;idl'l'P(] (('Ill ponl1'y 111l':tSIIl'l'S !iesiglll'd to 
hl'm~ the tI'(·ps t'ln'ough a pH l'fil'ui:ll'l.r 811,;('eptibh' ;;:tngl' of tilpi r 
l'OUlt lon, 

1'11(' ((pt('1'I1l i nft t ion (J l' p('onOll1 it' ;;awlly popltln!ioll 1('\'('1,; Ht \\"11 iell 
nrtifien.l ('ol1!J'o1 1Ill'HSlIl'('S lllll;;t bp ill.itiatpd is <lillicult, J)III'ill!! tll\' 
:J!)-~T sawll~' 1l1l!·ln'pnk 011 !lIp :-:ilWWllP(' Xational 1<'OI'('};( Ul-PPI'('t'i1i: ill
JestalioJllen'ls ill "hol'!ll'H l' pinp pi:l11tntiollS nVPI'agin!! () !'('('tin h(,ight 
awl less, alld ~(1 (>(>I'('('])t ill :,hol'! Ipaf pill(' phntal j')n~ a\·prHj.rLng 11101'(, 
(hunT fp(\( ill 11Pi!!hl \1"1'1'(' :ll'hitl'nril,\' :,('kel('(1. SlIhS('qllPIlI s!wlips 
1'(>Y('nlpd ;;h()I'tJl'af pin(' 11 11\(' to Slll'\'j\,(, :,p,'(lI'(, (ldoliatioll \\'i/.h 1'(lla
{in:,l~' lnw PPI'IIIHIH'llt iJ1( "(,lIllnt lo:-sl':', ('Olltl'(,l applicalion;; a 1'1', 

rhet'pfol'p, d.l'lnypd t1I1'Oll,!til nt- Il':1,,( (JIll' ddoliation (lPl'ioci, 'fIll' Ill'pd 
fot' ('Ollleol H(,til'it ip:< 011 I'p(','pntional [ll'pa,; i;.; Ipf! {o til(' di;';CI'plioll or 
thp fOI'(,:,t oll1('ial. 

Bp(,:lul'(, hoth j;u'k :llld I'pd pill!' HI.'!' (,X( I'PIlIP1y ,,11;';(,Ppt illl\' to dl'
folin(joll injul'y, ('olltl'Ob "hOllld lip nppli('(1 witl'1l oll.tiJl'pnk ;.;awfl,\' 
population!' HI'P fOil lid, TIll' \tl. [Inti :!o,ppl'('Pl1i ('(,01l01Ili(' (Inll)n!!:l' 
1('\'pl~ j)I'P\'iOIlSly ('ill'd fo]' "llOl'll('al' piJlP ;It'£' I)('in!! II!',,<I Oil illl' piliP 
plHllfatiolls ill t'llP Lal\(' :-;t:ttps nlld 1II'P l'P('()llllll!'Il<ll'd 1'(11' 111(' );f)l'lh 
('('1\(1':\1 :-;tn('!' Juml pill(' :11'l';lS, 

CONTROL PRACTICES 

COlltl'ol of tIl(' ~:I\r.fly l\w.\" 1,)(' a,('('()lllpli~ll('d ('n,,;('sl by dl'sil'oyill!!: 
tlIp. InlTal sta,!!!' dll 1'1 II!!.' thp I('('dlll!!: (Jl'I'I()(1. .\II(>Il!pi~: 10 elp;;II'O,\' 

tIl(' adult. (',!!,!!, 01' t'O{'()Oll stn,!!!'s will pl'ohahly hI' 1I11"1I('('('';SI'III. both 
fl'Olll Ih(' :-.! a nil poi II t () r :11'111;1 I pnpllial ion I'pd wi jon a('('UI11 pI i:-;'Iw<l a:
",pll :IS ""Oil I till' ('('ollollIi{' :-.tall<ipoiIlL .\I():-I SlI('('PSSflll lalTal kill,; 
oi!faillPd durillg' 1'f)1Itin(' ('olllJ'ol Pl'O!!I'HIII" 011 IlHiinllill-l'w'pst· plan
tatjollR haw 1)('('11 :t('('()Jllpl.islH'{( hy dplnyill!t ~PI''',I"iIJ,!! Ullt il til(' nlH
j ority 0 f Ow .!an':wha \'t, pa:-;;;pd t IH' !,('('(JllIl j II~I :.11' and 1l1() \'(1<11 () pXjlo;;pd 
feC'rl ing' Ri Ies. 

• 


• 


• 
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• INSECI'ICIDES 

Sa.tisfactory control of tll!' sH.wfl)" hns bern l'epol'iNl for pl'acti.c~l]jy 
every stomach poison 1('~tNl agaill;;!'. the lal'\'tle. ;\.ntong the more 
recently developed organie insrctic:ides, ))DT is the most economical 
a.nd good kills lHlxc been obtained witll most 'fonnnlations. The 
equipment employed ,yill dietnte. the Jorl11ulittion and dosage to be 
applied. EqUl])JYlel1t limihltions (mel recommendations :fol' specific 
opera·tions are discussed in the Jo]]owing section. 

Fol' Ml'ial applieat:i.ons a Bolution contnil1ing 1 pound of fecllllieal 
~'rade DDT dissolved in an :\uxilifll'Y solwnt and c1ilutl'l1 to make 
1 gallon of in!?c.'ctici(le, ;;hould bc.' tll>r).IiNl fit the, raie. 01' 1 gallon per 
atl'e. This applicflt ion rate is also l'P('oml1H'nded :t:OI' ft'uek-Jllounted 
mist blowel'S. Oil solutions conlaining :3 percent; DDT have gi\'en 
good result;; Wh('Il (lispenspd with knfli)stH:k Spl'1l)'t'l'S equippcrCwith 
mist-pl.'odl.wiJlg: J10zzlps (:!,:> gallons 1)(1\, flo'li J' (,:Ipaci ty) at flip I'll t:e 
of apPl'oxinwfe]y 1 §.talloH p('I' <len', Care must" btl, ('xereised 10 lIvoi(L 
oYel'r.losing: ;.;inel' Jolinp:l' hlll'ninp: is po,;sible wll('1t oil. solutioIlS nrC 
used, Bv allowing tlll' ill,,('clir'idl' JIIi:;I' ·to ell'i rL Ih\'ough filp ]line 
foliage, s'ufllr:icnt iIls('('liei(h' i;; appliP(L to kill ill(' Inrnte. 'Fo\' ganlt·n
01.' o\'t'lla\'d-typp ktlllPS'H·k sp I'tl,\'P I':;, ;~ Ill'I'('PIlI ",lit PI' Suspl'lIsion of 
wet IabJe DDT POWdPl' 01' :\ lWl'l'Pll1 wal ('I' PlllllisiOllS should be 811 b
stitutc.'tl :/'01' Ihp oil ;.;olutioIt;'. '''.lIPII Hp]!liP(l at the rate of :W to 2f.i 
gaJlons of iJl:;ectic.ide PPI' ,1('1'('. good kills han' )'('sul((>d, 

• 
 CAUTION.-DDT is poisomms. Store in plainly labeled con~ 

tainers away from a]] food products. 


l{(>('olllm(>IHhltiolls for- insp(,( i(,jell's ;lnd \'al'ir.llIS I.\'[)!'s of ('(plipnll'llt 
fol' u;.;(> ou Ol'J);llllelltn.1:-:. ;;man plani<llion", and nll,.,;(,!,,\, I'O\\'S :11'(' ()lIt~ 
linprl by Selw Irllp!' (;28). 

EQUIPMENT 

The l'i%(' or till' ill f{'stp(l arpa. tllP 1Jl'I'jo<1 c1ul'ing whieh lhl' jnSl'l't 
is SlIs('pptill]P 10 jlJ:--pctj('il\p~. ;\1111 thl' phy~icaJ C'lJtlI':t('U'l'isties of fllt' 
H!'Nt, such as !lw aillount of litU'lhrood (l\"PI't'lory, lIccp:-::,;iiJi1i(y, and 
sh:qw ",ill largply dictntl' till' !'llOic(' of l'quipnH'HI, 1"01' HPf'ial appli 
cations to 1)(' P('0I1olllipnlly fpHsiblp. til(' ('ontl'ol p!'ogl'llill ;:;holiitl ineltldp 
ttl' le:~st !)I)() t1CI'p;;, ]udi\-jdual fln'IIS )(I:--s thull npproximntely ~ll 
Hl'l'('S 5110111.<1 1Iot be 11'(':11('<1 froIll Illp ail' find it is ((ollhlful ",hetller 
sHtisfnctor,V kill;; ('till he 01>[:1111('(1 iJl planlations growing \Indl)l' greatl'r 
Ilmll [jO-PPI'CPllt hn.I,'(]\\'()lld ('l\IlOP)' ('o\'el' .. ('unITol appli('n.ti()n~ frollt 
tho gl'OlllHl. using hand p<jllipnH)l1t, will he gm'l'l'IWd, by Illp total 
H('n'U!!l', Infps('d. the tl!,(,ps"ihilil\' of (Ill' arpa, and flu) :-:iz(' of till' 
ill t'('sietl l'1'(>(,S. .. , 

SUl\:J:MARY. OF CONTROL COSTS 

• 
The co:'I. of npplyillg ('Ollt 1'01 IiwasUI'PS 01\ Ilntion:d [ol'l'sis thl'on.!th

ollt tl,('. nodil cPlitnti j'p!.riolJ ha;.; "tll'it'd l'oll;,;j<lPI'nhlv. This is to iJ(· 

('xpe>d (>(\ :-;j 11(,(>' till' I ()tn f l'iJ:(, of til(' peo,!! I'n III alid ilw ;;IZI' :Inti d i;;

Il'ioufion of' thn indi\'iriwtl rOi'('sl p.lnJltalioll;; lll:t!l'l'i:lll,r llll'p('t thp 
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efficiency of the operation. For control jobs of 500 acres or over, the 
average cost per acre treated with oil solutions of DDT by a,irplal1e 
is $1.75 to $2.00, by mil't blowee $UiO to $2.50, and by hand, $2.50 
Lo $5.00. 

SILVICULTURAL CONTROL 

The fLyoida.nce o:f s(twfly defoliation injury through sound sil"i 
('ultuml practices and planting methods lies prilllfLl'ily ill the selection 
of situa.tions ecologically unfavorable. to the sawfly. In ma.nyin
stances, this is not abnlYf; possible. Sand-blow areas and ptutittlly 
shaded sites ultimately will be plrmted. Often these sita'> mfLy be 
nnf~womble to substitute pine "'pecies cOHllmrati \<ely resistant to saw
fty fLttfLCk. Undt'r the:;e, condition:;, artifi.cin.l control measures may 
have to be applied to bring these plantations through their most; 
hazardous period. ,Vhell (teens highly susceptible to Stl.w(ly atta(;k tue 
plllIlted, they should be kept lllllipe sueveillance and eonteol under
taken if economic StLWJl)T populations cle\·elop. 

To reduce the risk 0:1' recl-IH'luI.Nl pill(' ~:mfly al t aek, tlte I'ollowi lIg 
l'Pcolllmendatiolls are prcsented. . 

1. 	South Central States. 

tl. _\..void planting hanl pint';.- lllltlel' hardwoods. 

h. 	 Avoid plal1ting hard pil\('~ within approxima.tcl.r:25 fel't of all 

harctwood bordpri"i. or l"l'1l10\"l\ or !:dnllc residual harChyoocls. 
e. 	 l'ndel'take eurly l'plea:;p of hard 'pille pblllntions from Jmnl

,yooel o\"el"sto1"Y. 
tl. HppJant areas of pOOl' :'1I1'\'int1 to prC\'Pllt widely spn('ell, open 

plantations. 
\'. Promote early dosing of phlltalioJ1s hy planting at no greatee 

thun G- by ti-feet ,;pm'ing. 
L :'\faintain sUl'~·pilllllll'e on'r :-1I:i('pptibll' plantings. 

.~. Xortit Central ~t:ttl'S, 
t1. 	 Ayoid plantiug html pint'S llll(ll'l' l1anhn)o(1 oWl·slOL"ies. P1ll'

t icularly with jack pine plantings. . ' 
b. 	 _\ \'oid planting hard pim's withill appro;..:illlHtely :25 feet of 

hanlwood l)()l'(h'l's or l"Psi(llllll hardwood erOWllS. He)1lovc or 
girdle, residual haJ'([\\"(}O(b prior to plautillg hard pillPS. 

('. 	 Heplant (lI"('tlS of poor sluTintl to prpvenl den.'lojlllH'llt of 
",i(le!y spat"l'd OPPIl 1>1anlalioll:;. 


!l. ~\lh"(iful(\ red pill(' f(lI" jaek piliP wh!'r('ver possible. 

I'. ~\In.ill{aill s.tln·pillall('p OWl' Sllsl'l'ptibl(' phntings. 


SUMl\'[AR Y 

Biologieal tUlcl ('('olop;il':d ;;tl1(liL's of (he ]"pd.·lipalh'd piliP ;,;tlWf!y 
(.V{()di/ll'iulIllc f lltlli (Fill'hJ) nud its ('oulrol tlll"Oll!!:ll tlil' nppliealioJl 
of DDT sprays Trolll ail'eraft \,"pn' l1Jlllprhtkpn as a l'o()[l("mtin~ proi
pd. by the. J'Ol'lliPr BU1'PHli. of En/olllOlog-y a!1d Plant (~unl"lll1fjll{" Oi., 
l!'Ol'PSl" K~'I'yit'I" and t Iw l' ni \"(,I':,i ty 0 r ,,\1. hUH'sota. Tll('sP st ulli!'" \\"('1'(' 

('OUdll{"[P(l on the ~ltaWIl(,p Xnt jOllal FOl'Pst in SOIlUH'1"Il Illinois durin~ 
LD:f:T, !lItH, and IOlD. lIlId. Oil ti\(' .\flllli:;(pp ?\ational For('st in ('('ntn~l 
'\li(·hignn in [!lJH and 101!). ~awfh' iufpstHtio)ls on national fOl.·p;;ts 
ill Mi(:lti~nlll ~\[jlllll'S(f){lI, "!i,,:'olll"i. u'utl \Vis('f)llsin W('I"(' also ('xtllnined. 
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This sawfly is one of the most important native forest insects de
foliating young hard pines in eastern North America. Since its de
scription by Fitch in 1858, it 1ms been reported from practically every 
State east of the tier of States bounding the west banks of the Missis
sippi River from Jasper County, Tex., and MamLtee County, Fla., 
to Kindiogami Lake, Ontario, and AlbanaI, Quebec. 

Outbreaks of sawfly from 1922 through 1953 occurred in ,AJabama, 
:Massachusetts, Michigan, New York, Ohio, and Te:nnessee during the 
1930's, and ill Illinois, Michigan, New York, and 'Wisconsin during 
the 1940's. 

Nine native hard pines and seyell il1tl'oduced species are hosts 0:1: 
the sawfly. In addition, migrating larvae [Lttack two species of 'white 
pine, tamamck, deochr cedar, and Norway' spruce. In the Lake Sbtes 
the sa,viiy prefers jack pine; red, Scotch, Austrian, and S,yiss moun
tain pines are also attacked but less frequently. In the southern part 
of the 'United States, shortlea.i pine is prefened; south of the range 
of shortleaf pine, loblolly, longleaf, [Uld slash pines nre infestecl. In 
the northeastern part of the United States and Canada, reel pine is 
preferred. In all regions the tl.Yailable species of 11n r<1 pine is at-
I ticked in the absence of the preferred host. . 

The srrwHy oYerwint'el's as a prepupa, in n. COCOOll spun in the soi1. 
In the spring, pupation OCCllrs and emergence of the adults, mati ng, 
~lllcl oviposition soon follo'Y. Females lay nn aventp:e of 102 to 1+1 
eggs per batch in a. series of shoe-shaped pockets l'ut in the pine need Ie. 
The number of' eggs per needle yaries from ftn average of 5.G ep:gs Oll 

Yirginia pine to 12.2 eggs on red pine. Practira11y the entire comple
ment of eggs is laid; an average of from:2 to :1 eggs remains following 
the completion of oviposition. 

The progeny of each female sa.wfly feed as a gregarious colony 
throughout the la,rYal period. Newly lm!:chec1 larvae chew cup
shaped notches ill the needles in which the oviposition occurs. In the 
RPcond instal', they feed on the mesodermal parts of the pine needles, 
Jea.ving the centml vascular ti;3sue as strawlike flags. In the thil'(L 
instal', they feed on the leader and bmnch tip needles. Defoliation 
prog"esses from the top of the tree toward the hase. Larvae rpadily 
letl,ve completeIy defoliated hard pines and migrate up to II) feet ncross 
bare sand to establish themselves on nearby pines where they oftell 
cause severe cle-rolilttion. Heavy mortality' among 111.igratil1i IftlTae 
occurs ,,'hen they encounter soil-surface tempemturcs above 105 0 F. 
Mi![ration across socldecl areas is more successful than across sand. 

From 3 to 5 generations of the sa;wfly per year llltYC been reported 
in southern United States, 2 to 3 generations per year in the mic1
central areas. anc11 generation pel' year in the. northern sections lllHl 
in Canada. Diapausc up to 5 years c1l1l'nJion has been reported. 

Fifty-eight speries or parasites and predators attack the sawfly. 
'rwenty were exclusi\'ely in the United States, 2:3 exclnsively ill 
Canada. and 15 in both the t::llited States [mel Camllltt. The e![![ 
parasite (CZo8terOCel'Wr rinctipenniB) was a prime factor in reduC'i)1;!: 
the Slt,,,fly populntion on the Shawnee Xational Forest in 10.J7 an;l 
1\)+.8. The most. important lll.l'ntl parasites were ,Spathimeigcnia 
spinigera and Phoi'ocera lWlT/ata. 

On the Shawnee Nlttional FOl'e:3t a linNu' relationship exists be
(wet'll the number oJ: tl'ees infested and the se\'(~rity of c1pfolintioll or 
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the attacked trees. On shortleaf pine plantations ranging from 4:.0 
to (i.D feet in l1eight c1cfolint.ioninjul'Y in('l'ca,scd from 2H percent at 
the 10-peI.'("Pllt infestu.t;iolllp.vp·1 to flU pen'en!; at tlle 7i1-pel'('(l,llt infesta
tion level. On pla.llfatiolls l'HJlgillg from 2.0 1:0 :U) :fl'c(·., a2-pel'cent 
defoliation wus st1s/;n,ined a,t the 10-percent irrfes(-at.ion lc\'cl and 73
percent c1efolin.t;ion at the 75-percent infestation ]ovel. 

On the ~fanistee National Forest a relationship between the inten
sity of the infestation and the munber of sawfly colonies pel' jack pine 
tree exists. As the percenta.ge infestation increased groater n1lmbers 
of trees suffered multiple attack. 

Studies of the rate 01: cle,foliation by L 2, 4, and 8 colonies pel' tree 
for 4 height classes of jack andrecl pine 'were undertaken. Although 
disease lolled many of the hu.'\'ue before defoliation was complete on 
some plots, general trends inclicated the influellce of time and popuhL
tion concentration limit.ations. J\figmtion hahits of the sawfly \Yere 
studied. 

On the Shawnee National Forpst defoliation was morc se\7ere and 
the number of trees at:ta('kpJ gre:d:cr in the shaded areas than in the 
open areas. Oviposition by JpmtLle sa.wfties was concentrated on pines 
in "the shaded pn Its of the planblt.ions an(l on the shadea pa,l'ts of open
g:r'owing pines. The same situ;d:ion existed on the ]\{nnistee National 
I"ol'cst. Hen.vy attacks wpre also common on (1) the edges of p,ine 
pl:wtrd;ions shflded by bOl'(\rl'ing hardwoods, (2) pine p]antrd;irms 
<jlluded by single l'psiclualluucl \\'oods ,,,ithin the stand, (:\) sanel-blow 
pln.ntations, and (4) nonclosed? poor-sUl.'Yinl.l pla~ltations. In most 
111stancP8, sawfly egg (,OJ1C'PutratlOlls ,yere observed Jll the slutdecl parts 
of the pines. A survey o:f a 5UO-acre jack pine plantation suggested 
n. ] inear relationship l)C.t\n!en the amount 01: hm'e1wood cover and the 
llumlJcl' of trees attacked by the sn.wtLy. . 

On. the Shawnee N'at:ional Forest, reservo,ir populations persisted 
Oil the shaded :)ines and On poor-sllrviml (lreas during the endemic 
phase of the sn,wJly gradation. On the }\[anistee Na.tioua.l Forest 
reservoir populations were n,lso surviving on the shaded pines and 
on t.he sand-blow nn(L POOl'-s\.U'vh'al areas. In scvel'al in stiLl1ces, re
prodllction coming in 1111<1('1' hardwoods shading pl'eviollsly ki1led jack 
pine was herwily attacked by the sawfly. 

Of the meteorological :factors affecting the sawfly, light was or 
prirne i:rlportanee in determining the oviposition site. Shaclow pat
terJlS of single hardwoods cast during thc oyiposition period between 
] 0: 00 n. In.: 12: 00 m., and 2: 00 p. m, showed' a close agreement with 
R(Were saw.f1y atbldc The length of growing season is dosely co1'r('.
l~t~el with the number of generations pcr year of t.he sa.wfly in the 
lJJll(ed State". 

In the northern part of the Tjnited States and Canada, jack and reel 
pines succumbed to [~ single complete dcfolittLion. Single bl.'tU1chcs 
nOl'mllHy died when they were cOlnplc(-ely stripped 01: their foliage. 
Incompletely defoliated branches frequent.Jy sun'iYcd 'when a :few 
Jl(',edlrs or partially consumed needles l'emtdned. 

::;ltortleaJ pines sUl'\'ived complete defolifltion by Lin,/;- and second
genel'lltioJl sn.wHy :f'eeding on the Shawnee National Forest. Only 
7 pel'cent 01' Ihe tl'(,(,s :;\I('('\lI1llJed followillg eornplet(', flril'ci-genel.'a.(iOll 
sawfly dcfol ia Iion (Hl,IO) ('Oil pled \Y il It po:;:;i IJle pl'(I\·ioIIS ,,('\'f' I'e aU Hck. 
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Height growth was good 011 all trees despite leader injury resulting 
from Nantucket pine tip moth i n-tesh\Jtions thaI: maskecl diitcreHccs 
in height growth caused by sawfly defoliation, First.-generation de
l'Qliation e1fects below 50 percent were not e\'iclent. Defoliation of 
;30 to 100 percent caused increasingly greater immediate, reduction in 
ulUlUal increment, Th('l::ic losses ·wel'e tempora·l'Y uncI the trees re
covered their Iosses ·with an increased fLnnl1u\ increment the Jollowing 
2 :yefL1'S. Complete seeond-gC'l1C'l'atioll defoliation did not result in 
immediat.e radial inCI'C'l1wnt rC'duC'tion as ,thC' pines had about com
pleted their growth by th(> tin1(' defoliation O('(.'Ill'J'NI. Defoliation 
i11jUl'Y was reflected in a l'cdueNl annua.l inCL'C'llwnt the llC'xt year, 
The incrernC'llt loss was regained during the. seeond year Jollowing 
defoliation, Complete thir(l !!l'IH'mtion pL"C'<'r(\rd by pnwiolls scycre 
dcJo11Rtion ",as l'c:fledetl in ~l ([C'l'I'C'flsed ~lllnllnl incrcl1wnt the follow
ing yea.r. IncJ"en!"C'd incl"ement tlll' lH'xt 2 yenrs ('ompew:3ated for 
the JoS!"E's. 

•\.mong the, several crltl'ria, anti.lnble for populntion SIH'\'CyS~ the 
adult. E'gg, and cocoon stages a1't' 110t l'ccollllnended, TIH'.lalTal stagrs 
nwl the J)1'('SC1I(,(, or ah:-:enct' of 11o:-:t injl1r,\' show the most promise. 

('ontl'ol of tIl(' 1'ed-1I(':[(1('11 pilIP sflwfly JaL"nm is rcadily [tccom· 
pli"hecl llsing eiillE'l" ground or aprial e(luipment to dispense il1secti
('iel('s. J)1>'1' if; thp J}lo;;i IH'ndieal insC'cticide to lise, For :wI'ia\ 
api1il'flti0l1S, oil SOlllliOll:" ('olltaining 1 pound of DDT p(,1" glLlloll 
and nppli('d at the mIl' of 1 ,!!nIlOll pC'!' aCre, han:, lWetl :"atisfaeioI'Y· 
TIlI'p(> (lpn'pllt DDT :"olntiol1,., al'C' t'ecoll1mcndrd fOl' llse \\'ith hand 
<'quiplllPnt. .\. Slll1ll1W l',r of appl kat· ion COi'ts for the pU:it ,t seaSOllS 
illclieatp" that ClUTPllt ael'inl applic;)(iol1!:' rangrd fronl 8.1:75 to $~,O() 
ppl' Hl'l'(, and grouud n Jlplicatioll:; fr'()J1l $:2.;iO to $5.00 per acre depend
ing: npoll illP aCl'P:lg<'g ill\'oln'(1. 

TIll' l1();';f;ihilit~· of l't'clll('iJl)!I'('cl-lw:Hlpd 11iM, snwCly populations 
throll,!!h sih'jcl[\tllrnl lll':lclirl':' is di:;clIs:wd. l'bl11tin)! of sllscl'ptihle 
pill!':' on ;;itl';': ('('n\ogi(,;llly raYrll'nb\p (0 s;ndl,\' attnck should 1)(, :I\'ol<1e(\, 
If rhl'H' C']l('('ip:, lltust )w plallll'!] Oll 1\Il'S(' areal'. ill!:' ),C'(,OIlII11l'I\<1rd tha.i 
tlte,\' be kPpt lIndl'!.' Hll"l'ilhllll'P for ('\'id('IH~P 01' il1jut,.", 
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