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The Biology and Ecology
of the
Red-Headed Pine Sawfly

By Doniel M. Benjamin,® Entomologist, Division of Forest Insect Research, Forest Service

INTRODUCTION

The red- hm(hd prue sawily (Xeodiprion lecontei (Fiteh}) is one
of the most important native forest insects defoliating young hard
pines in the eastern half of the TUuited States and Canada. Recent
outbreaks have resulted in the death or deformity of young pines on
several thousand acres of plantations and the destTuction of vast
numbers of roadside and parlk hard pines. Ofien eastern and west-
srn white pine, tamarack, deodar cedar, and Norway spruce are
severely defoliated by Javrae that have left their pine host.

Although the red-headed pine sawfly has been recognized since
1838, few studies of its ceology have Deen conducted. AMiddieton’s
bloloorlml investigations (27) *with notes on its ecology are compre-
hensive; Brown and Daviault {7y, and Schaffner (27, 28) have also
contributed ecological and biological information.

Because of the paucity of eurvent information concerning the
biology, ecology, andl contro] of this inseet on lavge fovest plzmt*:,»
fions 1 the Lake States. the studics reported here were undertaken
in 1947, Investigations were conducted on the Shawnee Nutional
Forest in southern v IMinois in 1047, 1942, and 1949, and on the Manistee
National FForest in the Lower Peninsula of \]uhir_rnn i 1948 and
1949, Sawfly infestations on national forests in Michigan, Minne-

' Submitted for publicatlon January 18, 1935; o condensation of a thesisg in
partial fullillment of the requirements for (he Deelur of Phitagsophy, Universily
of dinnesota. The studies repnrted were undertsken by the Burcau of En-
tomalogy and Plant Quarantine in cooperation with the TL 8. Forest Service
and the Cniversity of Minnesota.

*The writer, npw with the Taiversity of Wisconsin, expresses his sinecere
gratitpde to . . Craighead, formerly in charge of the IDdivision of Forest
Tusect Tnvestigations, Bureau of Enfomoelogy and Plant Quarantine, for making
these studies possible ; fo EL A, Bess, formerly in charge of the Milwaukee Forosi,
Tusect TLaeboratory, for guidanee {during the early phases of the studies; to
C. E. Baton, formeriy in charre of the dMilwankee Foroest Tosect Laboratory, for
valuable sugzestions during the latter phases of the investigations, and for his
eriticnl examination of the manuseript: to A. C. Ifodson, of the University of
Minnesota, for suggestions and criticizms throughau the study. Without Lhe
inferest, encovraganent, nnd assistance of wany mewmbers of {he Porest Rervice,
these studies would have heen impossible.

Sincere appreciation Is expressed for unpuolished data moade availiable by
many Canadinn and Ameriean entomologists; the writer is in parcticelar indebied
to the Canadian entomotogists A, W. A, Browwn and L. Davinntt, and to the
American entomologist J. V. Schatffner, Tr, of fhe New Tiaven Forest Ioscet
Liaborg tory.

* Italic nnmbers in parentheses rofer to Titerature Ciled, p. 55
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sota, Missouvi, and Wisconsin were also examined.  Inmformation con-
cerning the sawfly in other areas was obtained from hlerature and
through correspondence with Canadian and American entomologists.
This bulletin brings together widely seattered information concerning
the sawfly and summarizes the biological, ccological, and control
studies.

The red-headed pine sawfly las been reported from practically
every State east of the Mississippi River and also from Arkansas,
Lowsiana, Minnesota, Missonr, and Texas west of the Mississippi
River. Collections have been made as far south as Manatee Gounty,
Fla.. at latitude approximately 27° N., and Jasper County, Tex., at
30° N, and as far north as Albanel, Quebee, 49° N, and Jindiogami
Tiake, Ontario, 46° N. Theknown distribution is presented in figure 1.

o= =t .
‘ . l > Legend

‘ o ""‘L ‘\},\ \ Uniled Stotes #
)’} ‘ i NP L \ Conado i
3 .

N

Figure 1.—Morh Americon dislrihubion of the red-headed pine sowfly,
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OUTBREAKS OF THE SAWFLY IN EASTERN
@ NORTH AMERICA

Few reports of widespread defoliation by the red-headed pine sawily
were published during the 19th century. In general, these early
writings referred to only defoliation of park and shade pines. With
the extensive planting of stands of pure pine throughout the sastern
half of the United States in the eaviy part of the 20th century, local
and widespread sawfly oubreaks began to occur. During the 1930%
thers were severe infestations in the f,ake._ Southern, and Northeastern
States, and during the 1940’s outhreaks were general in Ilinois, Michi-
gan, New York, and Wiseonsin, A summary of the sawfly outhreaks
i eastern North Ameviea during the past 19 years is presented in
table 1.

TamLe 1. Red-headed pine smuwfly owibreaks t in casiern Nurth America,
1935-53

Aren

Mlantic 8ales:
North Coaroloa
Mirginin . __._....
lake Stales:
Michigau_. ... ..
Minnesota. . ____.
Wisconsin . __ ... ..
North Ceniwanl States:
Tinois.. .. ._._. .
Missouri. .. oo
Ohio. o
Northeastern States:
Connecticut ... I
New Yorko o L. o L.
Yermont. oL L. .
Southern Stales:
Alabama. o _____..
Florda. . _L_ . __.. .
Teonnessee .o ... ... .. ... X
Texng o .. ....
ula:
New Bronswiek . oL L. .
Norihern Ontario ... .o .. ... . . .
Guehee o _ . ... . . [ S
Southern Ontario .. .. . x ... o 0 o

Vs = Widespreal outhreak: o-=locad omnbreak,
2 Widespread oulbreaks ocenrrenl in 1922-35,

NATIVE AND EXOTIC HOSTS, AND
SAWFLY PREFERENCE

‘ Defoliation by the red-licaded pine sawily is generally resteieted to
hard pines. The females rarely oviposit on soft pinés or on other
coniferous species.  However, ihe Jurvae frequentiy migrate from
complefely defoliated trees to ndjacent havd pines, eastern and western
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white pine, tamarack, deodar cedar, and Novway spruce, where they
are able to complete their development.

Within the eastern half of North America the following nine native

hard pines have been attucked by the sawfly:

Tack pine
Sapd piec _
Shortleaf pine. . ______
Stash pive oo
Tongleaf pine. ..
Red pine

Pitely pine
Lolloly pine
Yirginia pine

(Pinys bauksione Livab,}

{ P clansa (Chapm.} Yosey)
(I cehinata ML)

. ctiightii Bngelm.)

(P paltustriz ML)

{7, resinosa AL

Horigida ML)

i, tneda L.}

(' virginiana MilL)

In addition, the following native and exotic species, snecessfully estab-
lished in the eastern halt of the continent, have been attncked:

Lodgepole pine . ____.
Janpanese red HHC oo

Western white pine_ . ._____
Swiss monnlain pinc. .. _ ____
Aunstvian ploe ...
Ponderosa pine.. . _
Eastern white pine_ .
Seoteh pioe o -

Norway spricc_--
Northern white-cedar. ... _

{Pinus contorte Dougl)

(. densifiore Sieb, and Zure))

1 wmonticoln Dougl.}
(7 mugoe Torea)

L atigra Acn,)

(. ponderosa Teiws.}
(P, strobins 1.3

. wytvestris 1.)

L thenbergil Tavk)

{0 dres deodara (THoxbh,} Lowd}
Mamarack . e ~ (harie laricina (I Roi) K, Koceh)

(Pieea abies (1) Kavsk)
VPRuju oecidentatis T..)

The following data give the host prelerence of the sawfly in easbern ®
Novth America:

“lrea

Allantie Siates:

Hhartleal pine___ .
Lablolly pme ___
Shortleal pine__ ..

North Caroling

Hlash pioe.

Virginia. ... . .

Taake States:

daek pine ..o,
ed pine . __ .

Michigan .0 (0 {eemoaaaaoo
Juek pioe__.
Minnesala .. ¢Jack pineo. ..
—— doek pine. ool
Wiseonsin, .. _._ {Rv(i pine. ..

dorth Central Slates:

e BWiss
_pine.
Uiteh pine., .

Arkan=as

Hee fooinote on page 5.

LPreferrad bt

moundain ..

TWinods . ‘lHEmril{*nf pioe,

Hecondary host

ISastern arborvitae_ .
Cledar (unspeeified)
Spruee (unspecified).
Loblolly piae

_____ { Longleaf pine. (oL __
Slash plue.._ . _o.
Iastern while pine..
Seoteh pineo oo
Auslrian pine
Jaek pine. oo oo
Red pine_. .. ...
Seateh pine.. Lo .
Hwiss mountain pine,
Red pine oo
Seoleh pine_o ..
Red pine .

Tainarack

Juck pineo oo L
Loblolly pine . .
Vieginda pine ... -

Ehserrer 1

Beat (4

tieal.
(B39
o,

Sehorne.
Py,
130,

Benjrnin.

1o,
MeDnpiel (20},
Do.
Do,
iJo.
1Jo,
Hodson,
o,
¥yre and
Zohngeaff
(44,
Henjunin,
1o,

Bagry,
Benjamin, .
1),

o,
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AArea Preferred host

North Central Stales—
Continpned

Mismouri

Ohin ____ ..
Northeastern Siates:

Couneeticut

Swiss mountain
pine.

Hed pine__. __._.

Jaek ping.

New Jersey. ..

New York. oo _.

Donngyivanin. .

Bouthern Sinles:
Longleal pine
Hlash ping
Loblolly pine .
Shortleal pine |
Slasly pine ___ ..
} Longloal pine . _ .

Alalann

Wlosda . - . . ...
[ Lobiolly pine _.
Longieal pine. . ..
Georgin. ... . < 8kash pine
l'lﬁ,ul)iolly pihe. .
s Longlenl pine. . .
Lonistwia .. _ {Slash pine.. ...
lr,uhlelly [THITTR

Slash pine .. . __

J!J()riglmf pine._ ., .
Slash pine.

Mississippi

Loblolly pine ...
Slash pine_ . __
Shortieaf pine

See foolnote on page i,

Seeondury host Ofhyeruer

Benjamin.
MuacAloney.
Polivka (23).
Polivka.

o,

o,

P,

D,

o,

Loblolly piuc
Austrian pine
Eastern while pine_.
Joele pine.______ . -
Lobslolly pine
Lodgepole pine.__ ..
Heofels pine

Ausirinn pine._ . _ {Briizton andd
Eastern while pine__ Zappe 4],
Juck pine Do,
Piteh pine e,
Seotel pine Da.
Swisg monntnin L.
pine.

Piieh pine RBoyd (5).
MeAndrews,

e,

{o,

o,

13,

Iy,

e,

VTS

P,

1hy,

Austeinn pive ... |
Itastern whire pine
Japanese black pine |
dapanese red pine
Lodgepole prae.. ..
Pi{eh pine .
Poudarosa pine .
Red pine
Seoteh pine.. oo ..
Bwiss ountnin
pine.
Eastern tamarack
Jaek pine
Enstern white pine ..
Seateh pine. .o ..
Bwiss mountain
pine.

D,
Sehadfner (470,
Wil 134y,

1o,

i,

Loblolly pine ... . Kowsl
Shovtieal pine ___ . . 1.
Luned,
.
o
izl
.
[Hetriek,
Ivowal. *
. 1.
. . Taned,
Loblolty pine . INowal,
Shortieal pine. D,
MeCrory,
Kowal.

Loblolly pine :
[R5

Shoertlgal pine
Degtlar cedar. Lyie.
Nerway spruce Do,
e Johnston.
Do,
Loblolly pine Zintmerman,
Virginin pine. |, . Faa,
Shoridoal pine - Anderson,
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rem Prefereed hnst Scconddury host Olserver 1
Canada: :
Red pineoo. ... Jngk ping Lo Abwood sl
Red ke W Peelk (2).
o Red pine___..___ Jack pine _....... Wnaison.
Ontazio. oo 4770 F T . Scoi;c%; pine, L. Jo.
Red pine. .. __ daek pine. .ol L West (34).
et e --  Iastera whiic pine.. Do.
Red pinco ... .. Jack pine.__......_ Atwood and
J . ) ]) Peck (2).
. Red pine_ ... - Jack pine .. ___. Javiguit,
Quebee. ... I T TP Eusi.clm white pine. . Do,
e cmemvimmmnan Septelypine o ___ Do,
\Red pine_____L .. dack pine.___. . .. Daviawls {12).

Hinformaiion erodijed Lo observers whose niaies are not followed Ly literbnre
cHations was faken from records in Lhe fles of [he Division of Forest Inseet Re-
seareh, Lake Stales Torest Experiment Station, 8t Paul, Miua,

Tn Michigan, Mimmesota, and Wisconsin mixed voadside plantings,
Javk pe is genernfly completely defolinted before adjacent red pine
s attacked (76). lsolated jack pine accidentally planted within solid
blovks of red pine is also commonly deloliated hetfore the ved pine is
attacked.  This preference for jack pine in the Lalre Stakes is likewise
manifest duving intense outhreaks when both juck and red pine are
infested. Fov example, in 1948 in centaad Michigan wheve & pure jack
pine planting adjoined & pure red pine planting, an average of 6.5,
20, and 27 gawfly colonies were present per jack pine in the lirsl,
second, and thivd rows as compared with 1.5, 1.2, and no suwlly colonies
per red pine In correspoading rows. -

I sonthern 1linois, shortleal pine is the preferred host of the saw-
fiy. Seidom ave other hard pines atfacked when it is present. In its
absence, Joblolly, pitel, and Vivginia pines nre infested.  This profer-
ence Tor shortleal pine was well illustrated at Glendale, 1., where
the saw(ly failed to attack a piteh pine clump growing within o heavily
infested shortleat pine plauting (fig. 2).

SYNONOMY

Thered-headed pinegawily was deseribed by Fiteh (14 as Lophyrus
feeonted, and de Dalla Torve (70) listed it under the genus Lophyrus.,
Rolbwer {20} yevised the Diprionidac, and cvected the genus Yeodip-
rion using the speeies L. Irconte! Fiteh us the genotype. Atwood and
Peele (), in a taxonomic treatment of the Canadian saowflies of the
aenns Negdiprion Vist X, leeoned (I0teh), N lecondel {Titehy ig nlso
cited i o recently published eheek list ofF the Twmily Diprionidae
( Muesebeck, ef al (22)).

DESCRIPTION OF LIFE STAGES

Descriptions of the larvae and adalis of the red-headed pine sawlly
Brave heen published by Fitels (74), Middleton (2/), and Atwood and
Pecks .23, For this reason only brief trealment of these stages will
be viven hiere.
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Figure 2.—Group aof pitch pine that escaped red-headed pine sawfly ohllack during an
epidemic in the surrcunding shortleaf pine planiation, Glendale, I1(,, 1947,
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capsule with black spots surrounding the eyes {fig. 8, ¢). In these
stages the thorax and abdomen are deep vellow to pale whitish yellow,
marked as follows:

1. Prothorax and abdomen inmnaculate sbove with a double row of
black spots extending from the mesothorax to the ninth abdominal
%eo'ment

2. Second row of supraspiracular black spots extending from the
mesothm ax to the ninth abdominal segment.

3. Lhird vow of spots on the dors il aspect of the spiracular arca
extending from the mesothorax to the ninth abdeminal segmeunt.

+. Fourth row of spots frequently present on the ep;p]emal avea on
ai)donmml segments 1 throogh &

. Bilaek })'ilc}l on the ep:ptoct divided by a light median hue,

[

COCOONS

The red-brown eviindrieal cocoon is lteugh, single-walled, and
papery with rounded ends (fig. 3. 77). TFemale cocoons are lar U
than male cocoons in the following dimensions (21) :

Lenath {mm.): Frmnlecoceon  Male cocoon
AVOPAEE . L L L aiiit e amamee aemanm 10. 3 7.8
Hange. ______ e e 9 5-11. 0 T.0-7. 8

THameleor (mm)

Average oo L., e et e mmm——— e 4.6 34
R:mgo-------....____,_, e e an 5-d. 0 3.2-3. 4

LIFE HISTORY AND BIOLOGY

The sawlly overwinfers in the prepopal slage eneased i cocoon
spun in the litfer or soil heneath the infested {rees. Tupation oceurs
soon atfter the onser of warm spring weather, and emergence of the
ndulis foliows in a few weels.

To escape trom its cocoon the adult sawily thrusts one maundible
throngh it and, while using the other mandible as un extended nuchor,
makes a short slit by lnmﬂmtr the two mamdibies together in a pliers-
like action.  The sawhy rotaies itself as it euts a civenlae bole. and
eseapes when the hole ix of snflivient size. Figure 1 Hlustrales the
ermergenee holes enl 1 the end of fomale cocnous by lh(' aedult sawlily
and those of Lwo comion parariles.

Mating takes place inunedintely alter omergenee, and ovipozition
begins a short thne later.  The sges hateh in 3 (0 5 woeks, depending
upon the femperaiure of the particular avea.  Five feeding insars
and one nonfeeding nslar are pussed through i dor Lo spinning of the
COCOON.

A single generalion per vear occurs n Canada and 1o the northern
part of the Tnited Stales. In New York and lower Michigan one
generaltion is completed and a few second-gencration adulis may nlso
emerge. At Bast Falls Churche Vi, a rather complex Tife eycle
included two generations in which the life of a single colony varied
from 192 to 14 months, depending on the time of ege (lepmtlmu {(21).
In Ohio two genevations were reported by 1 olivka (23). In south-
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Figure 3. —Red-headed pine sawfly. A. Adult fermole; 8, eggs; C, larvoe; ond D, tocoons.—
female on lefi and mole on right.

Figure 4 -—Carsons Frem  which
oduit red-headed gine sawlly and
thew porasites hove emerged:
Phorocera homata 4. & W, on |eft,
Spathimergenio spimigera Ins. in
the center, ond female sawlly on
night

erte i tvosted i partal shivd get ertion per venr oeenered
IE el b Fonp 1o Fve soheration- per vy were reporied fop
the ~ontbesi-tery, previ of the Toadtied Spadae by Hereiek Dt aned thiee plti:-:
aeperniions by Kowal,

PInfornatior frong e spotedet e wal npinsdond reconds in e G~ ol {in-
FHitsten of Fores! Boseel Hesvan ) Liboe Stgfos Fameg Foaprvingnt Sration
=t Pars, Minn.
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Varying periods of diapause often carry the prepupal sawflies over
several years. Diapause up to 5 years was reported in Canada by ®
Daviaunlts Among larvac whose cocoons were spun doring the fivst
week of August, 17 percent went into dinpause, and among Iarvae
whose cocoons were spun in lafe September, 77 percent were m
diapause. In the 153 Jarval collections neaved in [lhineis in THT,
+.9 percent of the sawily Jarvae went inlo diapause doving the fivsl
seneration and 904 percent during the seccond generation. (nly
1.3 percent of the second-genevation 1047 sawflies failed to emerge
in 1948, .

The period of adult activity varvies throughont the range of this
insecf.  Although the overall length of thie emergence period for
the adule differs from vear to yeur, the peal of emergence did not
vary more than 10 to 16 days in nevtheastern Unifed States (Schali-
ner and Youngs)S Tn Quebec the emergence period was velalively
<hort and the dates of adult appearance did not vary much from year
to venr nceording to Daviault? Tn southern Tllincis fivel-gencration
adults appeaved the frst week of May in 1947 and 1948, and the peak
of emergence occurred the middie of the month.  Second-generation
adult emergence began around mnid-July and continned into the third
week of Angust.  Third-genevalion adults were observed about the
15th of September: stragglers conbinned fo appenr throngheut the
last pavt of Ocrober,  The life evele in southern Tilinois is presented
in figore 5. Iwiergence of adults in Tower Michigan began the st
week of June from 1946 through 1948 as ilustrated in hgure 5. The
pealc was passed the middle of the month sud emergence was com- o
pleted by the end of June.

MATING

Mating generally oceurs quite goon afier the adulis escape from
the cocoons and emerge from the soil beneall the pine host. Females
are monogamous; males will mate a second thne when offeved the
opportumity.  The following nformabion concerning the mabing
habits was oblained by observation of veaved swwlhies released n
sonthern THineis in 1947 and 1948,

Virgin fenules velessed on pines during the adult sawily flight pe-
riod attreled large numbers of mades. [ mating did not ocenr 1m-
wedintely, the female ook & poition wear the ewd of s pine needle
wilh her abdemen fowand fhe needle Op. Mades aelively senrehed
ihe tumediate vieiniiy, approaching from the lee side. The female
cenerally remiained quict, ofien within sight of the male, vlesning hoer
antennae, legs, aud wings, No attempl was made by her to enplure
amafe. I several mates encountered hor simultanesusly. she flottered
her wings, then flew Lo a nearhy tree: the males invariably followed.

Alnting geewrved without couriship the nmle approached from the
anterior end.  Copulation was sceomplished essentinlly as deseribed
by Rebwer {247, Ta ihisstudy o southern Thnots, copulation aver-
ared 2 minades with o range of 10 o 15 minutes for § observatious. .

TRee foninole 4, po S
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Figure 5.—Life cycle of red-headed pine sawfly in seuthern {llinois [1947—-48), and in fower
Michigon {1946—49%],
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OVIPOSITION

Oviposition often begins within 5 minnfes after wating has heen
accomplished.  Needles of fhoe curvent and previous years are selected,
andl in one instance a needle braet was used.  Needle selection, atter
a suitable site has been chosen. (see page 32), follows a recular pattern.
The female examines the needles from base to tip until an acceptable
one 15 [ound. This needle is palpaied to about its midpoint wherw
she stops and backs to its base.  Next an incision is made with hee
ovipositor slightly in from the edge on the llat inner side of the needbe,
Afler a few cuts have been made and the needle appears sutistaclory,
the lancets are withdvawn from the small slit and one step is takén
toward the tip of the ncedle.  Here the egg pocket is cut by inserti ng
the Jancets to their maximumn depth, and enlarging the eag pocket
sarallel to the round face of the needle {fig. 6, 4). TImmediately fol-

owing the completion of the egg pocket, the lancets are slowly moved
back through the egg pocket and the egg'is deposited (fig. 6, £).

After anege is deposited, the female lowers her abdomen to contact
the needle, folds her ovipositor into place, and raiges her abdomen be-
fore fuking a step forward to begin cutting the next ega slit.  Trreg-
ularities in spacing of egg pockets are due to her slipping during
mitial suwing and when she clenns debris from her antennae and legs,
Acceplunce of the second and subsequent needles Toltows the faregoing
patierny alwaya the inttind cut is made at the needle base and aban-
tdoned before cutting is undervtalken for the first and subsequent eggs,

When the ege supply is exhausted, the female walks to the hase ot the
needle in which her last eggs were laid. As if to guard her cow
bateh, she remains there in the shelter of the small twio until she dies
ov is caplured by auts or some other predator. Feminles live an aver-
age of 4.5 days, with a range of 2 to 17 days, and males live an wverage

[

ol 3.2 days, with n range of 1 to 17 days (Davianle) 2
FECUNDITY AND SIZE OF EGG BATCH

Ifemades emerge from their cocoons with their complement of egos
ready for fertilizntion ; additional eggs are nob matived, o

Middleton (27) reported that an unspecified number of cuged To-
males Jaid an avernge of 82 egas per bateh with a range ot 25 (o 178,
and that 6 virgin females had an uverage of 139 eggs in their avaries,
with oo range of 58 to 213, Thus, 57 eggs on an o veringe were not laid
by these female sawflies,  Accovding to Daviaelt® 80 eras on an aver-
ige were laid per mated female with o maximum of 123 epgs, and 93
eges per bateh Inid by virgin fewales, with a maxinium of 2 egrus,

Egus per bateh for wild female saw(tios collecied in sott hern Ilings
averaged between 108 and 137 on shortlent pine, 102 and 138 on pitelt
pine, and 141 on jack pine (fuble 2}, Fowr virgin females Inid wn
average of 137 egus per bateh on shovtleat pine during the third oen-
cration in 1947 and an average of 124 during the first generalion in
1948, Colleetions in Michigan averaged 116 cggs per bateh on yed
pine and 108 on jack pine. '

Qoo fonlnole 4, . .
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Figure 6.-—Female red-hecded pine sawfly: A, Culing egg potket in shertleof pine noedle
prior to ov,, ¥sition; 8, returning sow through egg pocket and depesiling egg.

Ta Iinois 21 femade sawthies eollected during the eage ant leld
sOidies had win average of B egas 1o their abdoieus atfrer the comple.
ton of oviposition.  In Michizan 2 ogoex per female on an average
were dissected from & fedes after oviposition,  These stidies in-
dicste n more complete ege discharge than the 37 undaid eggs reported
by Middleton (273, Possibly his colleciions were nide prioe to the
completion ol oviposition,
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TABLE 2.—Average number of red-headed pine saufly eggs per batech on
three host species, Shewnee Nelional Forest, 11

Cienera- foriyie

o P s ! ; e AVETRER gEs
Host species and year | ton batehes | Eygs t per bateh
. |
Shortleal pine: : : Nuwber * Nwmber © Nwmber
A S : 3 13,600 1 1376+ 1.9
i i 4,310 4 1083+ 2.6
1618 : Y 8 ) 11488+ 10,7
| 3 1,481 T 13454 6.3
Titeh pine: ] : i
FRE f 2 138 34,078 027 AT
1 3. 2 276, 138 ¢
1048, . . 1 T 1,484 134,94 2L 5
A 2-3 i 103 1 103. 0
IS L L. 2-3 2 22 120
Jack ping: . . _
7. Lo 2. 10 L4100 14L0+13. 3

NUMBER OF EGGS PER NEEDLE

In Canada the ved-headed pine sawlly Inid an average of 4.7 egg:
per jack pine needle, with a maximum of 12, and 8.3 per red pine
needle, with a maximum of 36 (Daviault) s Atwood and Teck (7)
report the range of eggs per red pine needle ag From 10 to 30, Table 3
presents smilar statisties for southern Hinois and Tower Michigan,
Tanne 3. wlrerage wwmber of red-headed pine sawfly cqgs per needle on

varions host speeies, Jlinais and Mickigan, 1947-48

! Average of

Region and hosl specios h:\rtaglt,os - Fggs Needles . eggs per Range
: . newdie
L m o fdm e s rwre——ee o e -— . . - —— ; _— e — -
Shawnee Natlonad Forest, UL Namiber | Numter  Number | Number  Namber
duck pine . .. 10 1,0, 229 B 4 2 14
Piteh pine .. .. ... .. 1383 14,078 L, 245 ] il L 27
Shortleal pine - ... YU a6s T 1,035 S8 2 31
Yiegind pine. . _ & 4 294 4 10 EMH =34}
Manistee  National Foresr, | ; i
Mich, ! [ ' !
dack pine_ . . ..., | 132, oos | 70 .5 2w
Red pine ... .., ; 14 1, 513§ B . 4 35
. V ! i

EGG DEVELOPMENT

Sawlly egus develop within the pine noedle, gradually sweling and
forcing the edges of the egg pocket apart. The length of the incuba-
tion pertod depends upon the tempersiure of the particalar region.
L Quebee Sneabation averaged hetween 23 and 26 days (Daviauls) 8
whereas ab Fast Falls Chureh, Va, it avernged 20 days 1t o mean

Do fegfnete o, a6,
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temperature of 71° F., 18 days at 74°, and 13 davs at 78° (213. In
Illinois incubation averaged 20 days with a range of 13 to 27 days
during the first generation, 15 days with 2 range of 13 to 2L days
during the second generation, and 24 days with a range of 21 to 36
days curing the third generation. Lggs laid in November did not
hateh during the third generation periad or the next season,

LARVAL FEEDING HABITS

The first-instav lavvae eseape from the egg and needle by wrigeling
out between the edges of the egg pocket. Dractically all lavvae from
eges laid on 2 single needie hateh within a short time.  The egg laid
first generally hatehes first and the lavrvae appear in approximately
the order in which the eggs were laid. TFive feeding instars and one
nonfeeding instar are passed through by the sawfly huvae. The dura-
tion of these instars varies nccording to the temperature.

First-instar larvae feed on the needles from which they hatch ov
on adjacent needles. They chew small ragged notches in the edges,
generally taking but a few pieces from any one. The progeny of each
femiale feed as a gregarious colony. staving for the mest part in (e
vicinity of the oviposition site in an unexposed loeation.  \fter the
Iarvae molt. the colony either moves a4 short distance from the egg
site and conkimes to feed on the lower side of the Iranch. or it moves
to a sheltered position direetly above its egg site, The second-instar
larvae do noticeable damage when they strip the edges of the needles,
leaving only the central vascular tissue which soon dvies wid appears
as reddish, strawlike masses (fig. 71, These strawiile lags are visible
from a considerable distance and are thevefore useful during prespray
population surveys.

Figure 7.—5trawlike remcins of shari-
leaf pine needles resulting from the
feeding of second-instar {orvae of
red-headed pine sawfly,

iy .
SHTASs 00
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After molting a second time, the Inrvae generzliy ascend the tree
to feec on the needles of the leader and branch tips. Third, fourth,
and fifth instars feed voraciously in well-exposed positions on the
tree. often in groups of 3 to 5 per needle. They consume the entire
needle and frequently chew cupshaped holes in the tender bavle
As a colony, they move from the leader to a branch (fig. 3. ¢ and 8).
No apparent pattern is followed in the chcice of this next branch.
Often a colony will pass over several undefolinted branches to select
some well-exposed distant branch for its feeding site.

Figure 8,—Red-headed pine sawfly calony feeding on red pine.

Injury to haed jrines resulting from sawily defolintion is often
severe during epidemies. This s froe especinlly when young pine
plantations are attacked, I the larvae cousume all of the needles
before they complete their feeding. they may leave their stripped
host 1o .‘-',(.'(.‘.i{ wcljacent pines or other coniferous gpecies.  Before this
oecurs, much tender bark may be consumed by the stavving Jarvae.
Detolintion of secondary hosts is frequently severe, thus greatly in-
creasing the injury atuibutable to o single sawlly generation,

LArRvAL MIGRATION HABITS

Little information is available concerning the migration habils of
red-headed pine sawilies, the distanee they can (ravel sueeessfully, or
how they avoid imfaverable conditions encountered envoute. To
determine their migration habits and the damage they ave capable
of inflicting on their new hosis, studies were initiated in lower Michi-
gan in 1949, In these =tudies, known numbers of colonies of sceond-
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instar lavvae were introduced on juck and red pines, and daily observa-
tions made. The smallest trees artificiaily infested with the largest
numbers of colonies were stripped of theiwr foliage first. Exanuna-
tion of cach artificially infested tree and its neighbors indicated that
larval migration did not begin until defoliation of the host trees was
complete and & considerable amount of tender bavk was also destroy ed.

TFor convenience of orientation and to mainfain orderly rvecords of
the rafe of defoliation and larval migration. the study areas were
plotted to scale (fig. 9, < and B},

Bach tree was indieated by o nwmber corvesponding to the iumber
of colonies introduced, and a letter indicated the veplicate. For
example, free 4—¢ was i fout-colony {ree in the third veplicate. Non-
infested frees in the plantation were locufed in their appropriate
row {indicalted by capital letter) and at their mensuved distance from
an cstablished bageline indicated at each side of the plantation study
avea, Thus, a tree located in the fourth row 42 feet from the bage-
line was veferred to asivee D—42,

In the sand-blow study avea of 1-foot juck pine (fig. 9, .1 and 10)
21 eolonies of seeondl-instar Inrvae were liberated 0 1, 2, aind 4 colonies
cacli on 3 trees of comparable foliage characteristios.

Soon after the initial host pines were =tripped of their foliage, the
larvae migraterd to nearby trees Fo continue Feeding. Larvae estab-
lished themselves on 72 nearby pines where they caused varving de-
arecs of defolation. depending on the size of the larval popnlation
reaclimg the tree.  Itighteen of the secondary host pines sustained
defnlinkion in excess of 23 pereent; 4 of the 18 were completely
stripped of their folisge.  Iistances as greal as 19 feok weve traversed
across {he sand.  Although no apparent time or migradion patftern
was evident. the Tarvae did tend to follow one another as evidenced
by the appewrance of 150 larvae on a single nearby tree.  Tleavy mor-
tality wmong migrating Jarvae ocenered when a sudden elearing of
the clowdy sky reaulted in the elevation of sand-surface temperatures
to approximately 10537 T, which i above the cvitieal Jevel (fig. 11).

Taryval migrants from 2 naturally infested sand-bDlow areas ol
1-foot jack pine successfully established themselves up fo 13 feet
from their host tree,  On a nearby study avea 1 lavrva reached d pine
5 feel from its initial host : 42 larvae succumbed in a sand depression
when divect sunlight broke through a dense clond cover and sand-
snrface temperatures vose to 137% I

After defolintion of fhe 2-foot ved pine was campleted in the sodded
areas, Jarval migrants Trom the 2- and -k-calony trees suecessiully
established themselves on 24 nearby frees up to a maximmn of 11
foot from their host {fig. 0. /7). Delolintion in excess of 23 percent
was ohserved on 6 frees, 2 of which were completely stripped of their
foliage, Tarval feeding on the l-colony trees was finished prior to
complete host defoliation. and the larvae did nob migrate. A few
Jarval wigeants from the 2- and d-colony {rees were attueked by ants;
the significance of this fuctor was not assessed.  No morlality due
{0 high soil-surface temperatures was observed.

The rapidity with which these small jack and ved pines were
stripped by large Inrval populations, and the magnitude of the de-
folintion injury to adjacent pines by the wigrants, present a clear
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Figure 9.—Migration pottern of red-heoded pine sawfly larvoe: A, From 1-foat jock pine

planted in sond-blow area; B, from 2-focol red pine planted in sod ares.
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Figure 10.—5ond-blow plantation of 1-loot pine in whith migrotion studies of red-headad
pine sawfly larvee were conducted.

Figure 11.—Dead red-hecded pine sawfly larvee in send-hlow depression.  Morlality was
¢oused by exposure to high sand-surface 1emperoteres during migrations from dafoliated

jeck pine,
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example of the intraspecific self-limiting tendency of high insect pop-
nlations under conditions of limited food supply. Tt the foregoing
plantations had been infested throughout at the 2-colony level or
above, intraspecific competition would certainly have rvesulted in a
drastic population reduction through starvation.

PARTHENOGENETIC REPRODUCTION AND SEx RaTio

As arrhenotqlcy is the rule in the genus Neodiprion. only males have
tlcy 15 th gen prioi. only 3 ha
been reared from virgin red-headed pine sawflies. The sex ratio for
field collections is as follows:

Jwenlion Femintes Muter hsereer

Quebee. ... .. .. . B . d4 36 Diawinuli.
Onwario L. . . G4 31 Drown.
Last Talls Chureh, Va . R . Ta 25 Middleton £21).
Southern 1llinois;

Firs, meneration. ... .. . . RS 16 Benjamin.®

Hecond generalion . oo 32 18 Do,

Third generation . . S 8L 19 Do,

! Information credited to observers whase naunes are noi followed by lteralure
citnfions was taken from correspandence and unpublizshed recoreds in (he fles of
the Division of Forest Tngect Research, Lake Slakes Forest Experiment Stalion,
St. Paul, Alinn,

2 I3ala ohiained in 1947,

NATURAL CONTROL FACTORS

Little is known concerning the influence of natural control factors
on the population dynamics of the red-headed pine sawily. Canse-
quently, the enployment of biological control agents in the manage-
ment of populations of this snwfly has not been emphasized. In
eastern North America the following 58 species of parasitie and preda-
tory insects have heen reported associated with the red-headed pine
sawfly, Of these inseets, 20 have been collecled in the United States,
23 in Canada, and 1 in both eouniries,

Panasrres

Order aud speeivs Corriry Dhsereer 2
DIIMPEIA L
fZessa Marveyi (Tnos) oo Canada - .. Hrown
. - . . Greene (15).
Hylolomayia hiyletomee (Coql) . . Unifed Riates | Hcltl:lléfno(rﬁ
Megaselie proboseidea {Mall) o Cangeda {%i)r?\\:.tl:ult
Megasefin puliceria (Fally __ . 0 . cooWto oo L0 Brown.
Muscing assimilis (Fally .0 . . .o o . Daviault.
N .. . Middieten (2f).
. Ty . 3 Mg
Pelecothicca macre {(Van der Wulp) - United States. . ATuosehook.
Circene (£2).
Phaorovera elaripennis Macq e _do - . Mucschegk,
l.‘:ichnll'nm'.
3 . ; A Lo Benjamin,
Plororerg hamate AL &EW  _ . L. .. . . de - 1Schafnor,
Rradley.
Conaca Rrown.
) Daviault {1.4).

See footnoles on page 25,
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Parasrres—Continued

Order and speeles 1

DIPTERA—conlinued
Spathimeigenia aurifrons Curran._____

Spathimeigeren erecfo Ald_ . ____ ...

Spothimeigenia spinigera Tns. ... ..

Spathimeigenin sp. ... ..

V7t stnneosa Wicd.ooooo___ ..
Zentlliee SP_ e o eaaal

HYMENOIMTERAT

Agrotherewtes fophyri (Nortl). . ...

Alamblymerus verditer (Nove) ..

Aplests tudistinete (Prov,)._ ...

Bracon pygmecus Prov. . ____. .. ...
Closteroverus cinclipennis Ashm .
Dahtbominus fuscipennis (Zetty . ..

Delemeristu diprionis Cush
Dibruchys cavus (Walk) ..

Dndasys subclevetus (Say). ..

Ixenterus amictorins {(Panzery .

FExenterus canadensis Prov__ . . ... ..

Fxenterus diprionts Rohw .. .

See fooinetes on page 23,

Conry

Tnited States. .

Canadan__ oL

Tnited Stavea.

Canada_ __ ...
T nited Sinies.
[N '+ TR
Canuda_ _. -

United sStafes_ .

Canada . __ ..
ool oL L
T nited Stales., .
Cuanudn. o,
Tnited States. -
NN 1 U4 DO
Y { [+ T
Canada ... _-_
DT 1 1 R
Tnited Slates_ .
Canada_ .. ..-

L nited Sintes_ {

Canada_ - ___._
Tnited Biates..

Canaelac, oL ..o

T nited Staics_.

Canada_ o __

[

Conada. o o_.__ 7]
l]):winu]t

e | s

—_—

21

Obzereer ®

Schalfner,
Bradley.
Brown,

Bradley.
Brown,
Daviault.
Aldrich (1),
Benjamin.
Rentlexr (4).
Greene (13).
Aliddletan (271).
Afueseheck,
Orr.
Palivka.
Schaffner,
Seliers (25),
Alinmermati.
Bradley.
Benjamin,
Plair.
Daviault.

Benjamin,
Brntley {4).
Zimmaoermat,
Daviault,
Daviault.
Sehnlfuer,
Brown,
Tolivikxs.
HBenjamin.,
Blair.
Wilkes (32).

Travinule.

Benjamin.
Daviault,
Benjamin,
RBenlley (4},
Behaifner,
Zimmerman,

Daxiault.

wellers £29).
Benjamin,
Muesebeck.
Townes {(30).
Brown.
Davisult (21).
Walley (3/).
Benjamin.,
Cushman (&),
Middleion (24),
Muesebeck,
Orr.

Sehaffner.
Bradley.
Hutehings (£7).
Tawnes (50).
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Parasrres—Continued

Order mnid speciest
HYMENOPTERA—Cconbinued

Lamachus conlorfionis Davis_ o _._.._

Lamachus lophyri (Ashmy______. e

Lamachus virginfenus (Rohw) oo o __

Mastrus acieninius (Prov) . ... ..
Melittobie qeusta {Walk) oo .. _____
Mesoletus submarginaius (Cress) oo .

Afnesidacus nigricocus 1Prov)y. .. . ..
Clesicampe lophyri (Rilexy_ . ___._.

Otacusies crussus (Prov.y oo o ..__

Perilampus hyalinus Suxv___ L _____.___

Fleetisciden corinede (Prov)____._ ...
Psychophagus omnivorus (Walk) . .. ..
L N
Hemiteles sp_ ... e e e o
MASIFUS B e e e e mammn
Mesochorus sP. o oo e e

T OSSP e e e oo amee
UNDESCRIBED SPECIES!
Agrotherentes 3p. oo oo

Couniry Obserser 2
Benjamin.,
Champlain (8.
Middleton (21).
Tnited States__ { Muesebeck,
Polivka.
Rohwei (23).
Sehaifner,
Bradley.
Brown,
Daviaulk {113,
Townes (80).
el Brown.
Middieton {21).
Muescheek,
United States._ { Polivka.
Robwer (25).
Schalfner,

. Brown.
Cunnda_ . {’I‘owncs (30},
RN [ T Brown.
United States.. Benjamin.
_____ do_______ Sechalfner,
Canada._____. Brown.

_____ do_. ... Davisult (11).

- . Banjamin.
Tnited States._ Schaffner,

e Brown.
Cavada - —————— I Pavianlt (11).
_____ do.._~.._ Daviault.

Benjamin,
. Middlaton (21).
United States.. < Muesebeck.

Orr.
Schaffoer,
Bradley.
Canada_ ______ [Browm
: Daviault,
_____ do..._.._ Daviault.
_____ dooo.oo- Davianlt,
_____ tdo_...._. Daviault,
e QO Daviault.
_____ do.__.... TDaviaul},
_____ Ho___..__ Tlaviaulf.
Brown,
"""" doooooo {Da\'izmlt.

United States.. Benjamin.

Fetrastichtts Spe v ceuncuancn il L oL do_o .. Banjamin.
Trichoprio N S e oo e e e e oo Benjamin,
P’rEpATORS
Order and species Cauntry Obserser 1
DIPTERA:
FEroz aestuans (LY__. . . . ... . - United Stales..  Benjamin,
UEMITTERA:
Apateticus bractealns (Fiteh) ... __ Cnited States..  Benjamin.
Aptonterus crassipes (1o wn oo cnsian caeas [ Benjamin.
. . Benjamin
Arilus eristatus (LY. ... .. . PRI « [+ SN Benj v
(L) do === {Polivka.

See footnotes op page 23,
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Prepazors—Continued

Order and gprcies? Cauntry berveri
HEMIPTERA—coubinued

Nabis ferus (I o or o e Canada Daviault.
Podisus serieventris Uhier United States._  Benjamin.
Pselliopus cinctus (F )y .- d Palivka.

Sinea dindema (F.) Conada._..___ Daviault,
Zefus socius Uhler T"nited Stafes.. Benjamin.
Aplelions Spoe e .. 1w Daviault,
Podius spo_.__. . .. . . Daviauit.

HYMENGPIERA
Vespula maculifrons (Buysson} Tnited States.. Benjamin,

1 The writer iz indebued to C. ¥, W, Muescheck of the Bureau and to members
of his staff for identifving parasites and predators of the sawHy colleeted in the
Lake States region.

? Tpformition credited to observers whose names are not followerd by litnrature
eitations was taken [rom earrespondence and unpublished records in the files of
the Division of Forest Tnsect Rescarch, Loke States Forest Bxperiment Station,
5t. Paul, Mion.

LARVAL PARASITES

Among the entomophagous insects attacking the sawfly, larval
parasites have received wost atteution. Iivaluation of their effec-
tiveness is generally lacking. however, and most published reports cite
only species reaved or eollected.  In the United States (iyeene (I5).
Middleton (27), Bentley (4}, Sellers (.29}, Polivka® and Schaftner ®
have listed laeval parnsites of the sawfly. In (Canada, Brown® re-
ported “rocoon parasitism’ intensities of 15, 16, 21, 30. and 18 percent
fromy 1937 through 1941, but did not indicate the relative importance
of the 16 species concerned,

[n Quebee, Canada, Daviault ® veported, in unpublished studies,
24 gpecies of parasitic and predatory insects attacking the sawfly.
Npathimeigenia wurifrons wid Phorocera hamata were the most im-
portant; the former was veaved from 13.9 percent of the sawlly cocoons
in 1437, and from 38.0 and 14.7 pereent in 1938 and 1941, respectively ;
P, heonate was veaved from 162, 5.2, and 243 percent of the cocoons
in these respective vears. The effectiveness of these two species was
markedly reduced by the hyperparasite Periliom prs hyalinus which
congrituted 653, 32.1, and 535 percent of the nonsawily emergents
during these years.  Hymenopterous parasites were of little signifi-
cunce in reducing sawily populations.  Among those most commonly
renred  were Awenterns  eanadensis. Lwwachus  contoréionis, and
(Hesivanpe Taphyri, The effectiveness of the predators was not
indicated.

[n southern [inois during M7 and TME. six species of parasites
were peared from suwiy larvae,  Parasitization averaged 42,2 percent
during the frst generation in 1947 and HLG percent among the 1947
emergents from the second-generation collections. Among the 1943
emergents from the 1947 second-generation group, parasitization
averaged 25,1 percent.  Paragitization determinations were not made
during the thivd gencration in 1947 or 1948,

* Mee footnote 4. 0. 0.
AIIRNE 55 4
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The dipterous parasite, Spathimeigenia spinigera, constituted 76.2
percent of the fivst-generation and 78.9 pervcent of the second-genera-
tion larval parasites during 1947. The dipteron Phorecera hamate
constituted 13.3 percent of the fivst generation and 18.9 percent of the
* second-generation lavval parasites. Iymenopterous purasites Agro-
thereutes lophyri, I'ndasys subclavatus, Lamachus contortionis, and
Olesicampe lophyri were recovered during 1947. Iyperparasites
Dibrachys cavus, Melittobia acasta, Perilampus hyalinus and O'ri-
choprie sp. were also collected but werve of little significance,

In lower Michigan during 1948, among the eight parasitic species
reared and collected, Phorecere hamata appeared to be the niost im-
portant of the Diptera, and Krenferus canadensis, E. diprioni, and
Lamachus contortionis the most important of the Iymenoptera. ~ The
hyperparasite Perilam pus hyalinus was very common throughout 1948
and 1549,

EGG PARASITES

* The egg parvasite (Mlosterocerus cinetipennis wag one ot the most
significant biotic factors limiting sawfly populations on the Shawnee
National Torvest during 17, 1948, and 1949, Tts importunce was
initially vevealed during prespray sirveys condneted in shortieaf pine
plantations in 1047 when, as a result of redueced Iavval hateh in the
hirst generation, 1,900 neres of heavily infested plantations were omit-
ted from a 6.000-ncve spray prograni. Lggs collected on 4 of the 18
iantations where this veduced hateh occurred weve heavily parasitized

y (' einctipennis; parasitization averaged 88.7 percent with a range
of 703 to 93,1 percent: 4 of the 200 egyr hatehes were 1M pereent para-
sitized (table 4).

Tapre 4——fgy parasilizalion of the red-headed pine swwfly by Clos-
terocerus cinclipennis in shorilead pine planiotions, Shawnce National
Forest, Tl

i
tAvernge para-

Plantaiion~ gy bhatehes
sH ization

enr reinrili . Tergea
Year and geueration examingd enlleeied Fags

N miher Numher Numher Perceat
- 20 4 dad 38717
180 16, 175 87. 141

86 9,300 70 3L
7

80+ 80. 610 -4
i LASU 8146

P Includes 10 epg Dalbehos colloctmd on jack pine planiations,

Bag parasitization during the second generation was not assessed
owing to the urgency of experimental and commercial control nctivi-
ties. Third-gencration sawlly activity in 1247 was markedly redunced
when a high percentage of the second-generation laevae entered dia-
pause.  Third-gencration adull emergence averaged only 5.6 percent
on T shortleaf pine plantnlions sampled. Kgg parvasitization on 8
plantations examined thronghout the forest averaged 87.1 pevcent
and ranged from 335 Lo 99.7 percent; 23 of the 80 eyg hatches were
100 percent parasitized.
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Sawfly populations were very low throughout the shortleat pine
plantations in 1948. Parasitization averaged 79.3 percent and ranged
from 25.4 to 97.1 percent; 80 of the 86 egg batches examined were 100
pevcent parasitized and 3.8 percent of the eggs were destroyed by au
unidentified predsator,

Second-generation sawily activity was observed on only four plan-
tations in 1948. Parasitization averaged 80.6 percent. Destruction
of 11.2 percent of the eggs by some unknown predator occurred and
included winany pavasitized eggs.

In the third generation in 1948 parasitization averaged 81.4 percent.
The unidentified predator accounted for an average of 16.5 percent of
the egpes, increasing the total egg destruction to 97.9 pevcent.

Ege parasitization was not determined on the shortleaf pine plan-
tations during early 14 owing to the exceedingly low level of the
sawfly population. Twenty-eight shortleaf pine plantations examined
were practically free of sawfly activity, Ovipositing sawflies were
observed on two plantations within the “pine hills” native shortleaf
range. (‘losterocerus adults were seen ovipasiting in the newly laid
sawlly esgs.

In a piteh pine plantation in the Shawnee National Forest in 1947,
second-generation egy purasitization was determined on 3 trees on 1
small isolated roadside planting containiug approximately H heavily
infested trees. Parasifization averaged 95.7 percent with a range of
91.1 to 9.4 pereent: 72 of the 138 egg batehes were 100 percent para-
sitized (table 3)Y.

These five pitch pines were examined peviodically for sawfly eggs
during the remainder of 1047 and during 194819, Two egg buatches
enllected after the thivd-generation flight in 1947 were 949 percent
parasitized. Four of the five pines were oviposited on during the first-
genernlion flight in 1948, Puarasifization of the 9 batches averaged
88.5 pereent. The single ege hatelr laid during the second-generation
flight was 98.0 pereent parasitized, and all 224 of the eggs laid during
the second- and third-generation flights in 1% were parasitized.

Tavne 5. —Influence of egy parasiie Closteracerus cinctipennis on red=-
headed pine sauwfly population in roadside piteh pine planiation,
Shawnee National Forest, TH.

. | :
1
Year and generation - Trees  (Fpg batehes Egus
f ;

‘Averape para-
gitization

Nnber Ny uther | Numnber
5, 138 14, 178
' 2706

Hercent
95,

04,

103

224

98.

|
|
i
1,280 | 38,
}

T _ : 32 16,061 | 95, 2
Ul'sial nomuber of trees examined, 3 for example, in 1947 second-generation
sawily cpps were obgerved on all 5 trees and third-generation sawlly eges on I oof
the 4.
$
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No attempt was made to determine sawfly or parasite egg fer-
tility, Jarval or cocoon parasitism, or predator activity on this pitch
pine plantation. In such a Hmited population more could be learned
about the potentialities of the egg parasite if the sawfly infestation
were allowed fo progress with a minimum of disturbance. Egg
parasitization determinations were delayed, therefore, until adult egg
parasites had emerged and attacked the next generation of sawfly
eggs. Third-generation sawfly eggs were collected in late fall after
the sawfly hateh had taken place.

During the 23} years the sawfly population was under observa-
tion on the roadside pitch pine plantation, 152 egg buatches contuining
16,061 egas were laid on 5 pines.  Parasitization averaged 95.2 percent

- and reduced the sawfly potential to 771 cges; ¢lie remaining 4.8 percent
of the original population was accounted for by diapause and mor-
tality factors. That severe defoliation did nef result is cvidence
of the critical role of Closteroeerus einctipennis m controlling the
sawfly population.

Closteracerus cinctipennis adults have been yreaved from red-headed
pine sawily eggs in the ranger districts of Park Falls in the Chequa-
megon National JForest in north-central Wisconsin and Cadillac in
the Manistee Nabtional Forest in central Michigan,

A few specimens of an egg parasite in the genus Petrastichus were
reared from red-headed pine sawfly eggs in southern Illinois during
1947, 1948, and 1949. The significance of this species uppeaved
negligible.

INTRODUCED PARASITES

Colonization of introduced parasites for control of the red-headed
pine sawily was started in Ontario in 1937 (32). Of the species re-
leased there duving the next 9. veurs, only Dalilbominus fuscipennis
has shown promise. The other species can be propagated siceess-
fully in the Inboratory but thetr effeetivencss in the field has not been
evaluated. They include: -Aptesis basizonia (Grav.), A. subguttatus
(Grav.), Ewenterus abruptorivs (T'hunb.), Lemachus eques {Hig.),
Lophyroplectus Iuteator {"Thunb.). and Ntwrmia sp.

Four attempts to establish the chaleid prepupal parasite Dehl-
bominus fuseipennis in populations of the sawfly in the United States
have been made. In 1940, 300,000 aduits were released in northern
Alabama, and in 1941, 280,000 in western Tenmessee on pine plantings
along the Tennessee Vafley \uothority wveservoir (Zimmerman).®
Durmg 1041, an unknown nwmber of adulf parasttes were released
on the Manistee National Forest.  Nothing is known concerning the
‘success of these liberations. The fourth atfempt to establish 1. Fusei-
pennis was made on the Muanistee Natioual Forvest in 1946, when
100,000 adults were liberated in 7 red and jack pine plantations.
Adults of this parasite were reared from cocoon collections in 1047;
subsequent collections werve negative,

PREDATORS

Twelve species of predatory inscets have been veported aitacking
the sawilly in eastern Novth America. Fight of these spocies.were
collected 1n the United Stuates and two in Canada. Davinult® listed

" See foolnote 4, p. D. «
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two additional umdentlﬁed predators sttacking the sawfly in- Canqdab
No birds have been reported feeding on the smwﬂy larvae or adnlts.
The importance of rodent pledators has not been determined.

DISEASES

Casual observations have been made by entomologists of large
numbers of dead sawfly larvae hanging limp on their pine host. Un-
fortunately, the ldent]ty of the causal or ganism, the extent of the
epizootic, and quantitative information concerning its effect on the
sawfly population are in most instances not published.

CLIMATIC FACTORS

Climatic factors play an important role in the population dynamics
of imsects. Temperature and moisture extremes often have been
cited as responsible for the decline of outbrenks of many forest
msects. Little information is available, however, concerning the
influence of climatic factors on populations of the red- headed pine
sawily.

In unpublished records. Orr® reported heavy mortalily among
frst-instar larvae apparently due to high temperatures on the Manistee
National Forest in 1836. and also mortality minong first- and second-
instar larvae during driving rams. Unpublished records of Mac-
Aloney ¢ mention c\twmd\ Theav v hrval mor r‘:ht\,' in o blizzaed in
late October 1938 during a sawfly outbreak in northern Michigan.
This blizzard, with i accompanying fow temperatures and dec)p snhow,
apparently reduced populations to an endemic stutus as “after the
snow melted . . . literally millions of dead Veodiprion lecontei turvae
were found under the trees,

Heavy mortality among Lirst-instar Inevae was observed in southern
Iltinois 1 1047, when aiv temperatures remained above 100° ¥. for
protracted pertods. Mortality among migrating larvae occurred in
Michigan in 48 when sand- surtace imnpemtmes rose above 105°.
Temperatures nbove this were common on clear days, and karval sur-
vival was less than 3 minotes under these conditions. Heavy egg
mortality, possibly due to Jow temperatures. oceurred in Michigan m
194% when early June femperatore fell to 18°. Third- and fourth-
instar larvae survived femperatures as low ag 22° in Illineis in 1847
and resumed feeding when the aiv temperatures again rose nbove 60°.

ECOLOGY

Investigations of most forest insects of economic importance are
genernlly initinted during outbreaks or afler serious economic losses
Tave been sustained. \Lt]m emphasis is firsh on the cortailment of
further lusses through the application of insecticides or empirical
cultnral practices. Studies of the ecology of the pest may begin when
the pressurc of these activities has eased. Evaluation of low popu-
lations, possibly the key to prediction and successful avoidunce of
fnitme outbreaks, is frequently deferred indefinitely or not under-
taken.

" See footnote 4, p. D
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Investigations of the red-headed pine sawfly were begun after the
sawfly had been in outbreak for some time. _Although mujor emphasis
was initially on control, the ecology of the population on the Shawnee
Nationul Forest in Tllinois was studied during the decline to an
endemic status in 1H47 and the endemic period in 1948 and 1949, and
on the Manistee Nutional Forest in Michigan during the 1948 out-
break and the endemic stage in 1949, Nutional-forest arcas heavily
infested in northern Michigan, Minnesota, Missourt, and Wisconsin
were visited to obtain u regiou-wide picture of the insect.

The ecology of the sawily will be treated from two nspects: its be-
havier under high population or epidemic conditions, and itz behavior
under endemic conditions. Tlost-site preference will be examined and
the influence of climatic factors on the sawfly discussed.

H1GH POPULATION RELATIONSHIPS

Infestation vs. Defoliation

Spraying on the Shawnee National Forest was iniciated when 10
percent of the shortleaf pines in plantations averaging 6 feet and
under and 20 percent in plantations averaging 7 feet and over were
infested with sawflies. To test the valudity of these economic levels
and to determine the relationsnip hetween the intensity of infestation
and severity of defoliation. the intensity of a single saw(ly defolintion
occurring during the third generation In 1946 in un=prayed shortleal
pine plantations was estimated in early 1047, Thirty-{ive planiarions
were examined at the rate of 4 plots coninining 22 trees ench per
40 ncres.  The height of cach tree was estimated fo the nearest fout
and the defoliation estimated on n geomeiric prowression hasis. The
defolintion classes used were percentages of 0. 1, 4, T, 13, 23, 5, 75,
87, 93, 96, 99, and 10i).*

The average height of cach plantation was calenlated and the plan-
tations assigned o ane of the following height classes: 20 to 3.9
feet, 1.0 to 6.9 feet. and 7.0 feer and over. The percentages of infes-
tation and defoliation of the attacked irees wore compated.  Co-
eflicient-of-correlation analysis indieated a linear relationship between
the percent infestation and rthe percent defoliation in the st {wo
elasses. The data in the third class were too fow far adequate
statistical treatment,

*In estimating the pereent defoliation, n 1ree wis assigned first (o 2 broad
cassification, (hat i abhove or below 30 pereens sl nesxt Lo s proper elasy
through mental compareison with the pext lower ar higher defotintion extegory,
The fullowing exaumple expluins rhe procedors © Assmuae o Iree ST peereenl de-
folinted, 1t ix ohvious immodintely ihai dofolintion is in exeess of aiy pereent.
The next decision plaves ihe tree holwoen fhe 75- sl TH-perrent gliusses,  The
remaining derision Is to Julge how much greater the defolintion i tlhan 75
pereent ;- that s, whether the rree is eloser 1o 87 pereeni than fo 75 o 100 pep-
eenf. CPhis tree appenrs to Gl approximaely bsiwoen 1he (wo cilerories and is
agsigned, therefore, 1o the ST-pereeni defolintion class,  The sanie procedure s
followed in nssigning roes (0 elasses helow the Al-pereent level, Natnrally o
Smali comonne of indecision orenrs in tssimninge troes (0 clisses bofwoeen the X7-
and B-pereent aml otwost the 13- anl I-pereent eategories whon thiz mothod

s first employed.  ATer U indiat period of indeodue fou 1he wWrilor gl several
assochites yve foomed estimates hased on rhe el rie praression more eon-
gistenl than with Ihe more popuinr H-pereent interval syston,
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The infestation-defoliation relationship on the plantations in the
4.0- to 6.9-foot, class was demonstrated by fitting a straight-line curve
through the data by the coeflicient-of-corr elation method { fig. 12, 4).
At the 10-percent iifestation level, there was n defoliation average

of 29 percent, and at the 50- and 75- pelcent infestation levels, 48 to 59

percent defoliation. vespectively. Hlightly more severe defoliation
ocenrred on the plantations in the smaller class (fig. 12, 7}, .\t the
10-percent infestation level 32 percent defoliation occurred and at
the 30- and 73-percent levels 87 and 78 percent defoliation respec-
tively. Because of shortleaf pine’s remarkable ability to recover
trom severe defolintion. it was advisable to revise upward the 10-
percent and 20-percent economic infestation devels in the shorter
height classes.
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Figure 12.—Relationship between percent of shortfeaf pina trees infested with red-headed
pine sawfly, and percent defolicted: A, 4.0- to &.9-foot height ciuss; B, 2.0- ta 1.9-fool
height class.

Infestation vs. Number of Colonies Per Tree

o prelinunary investignilons of the infestation-defohation rvela-
tionship in juck pine plantations condueted on the Manistee National
Farvest 1 1048, the number of colonies per infested tree wag deter-
mined on a plantation block averaging 6 feet in height. Thirty
plots contrining 25 trees cach were inclwded in this ktud\ The nver-
age number of “eolonios per infested teee inereased as the percentage
of infestation increased, as illustrated in figure 13,

In the I- to 9-percent infestation clazss US pereent of the trees were
infested with 2 colonies: no tyees were attacked Ly more than 2 colo-
pies.  Inthe 204 ro 8-percent infestaiion classs 5.6 pereent of the
irvees contained 2 colontes. and 0.7 and 02 pereent contained 3 and 4
colonies respectively.  In the 60- {o G- pereent infestation category,
20 pereent of the trees were infested with 2 colonies, and 12,0, 8.4,
40, and 4.8 percent with 3.4, 6, and 8 volonies respectivoly. What
the maximum mimber of m!mmm per free conld become cannot be
predieted From these lhindted data.
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Figure 13.—Relationship belwesn percent of [ack pines infested with red-headed pine
sawfly lorvae and the average numbaer of ¢olonies per tree.

Number of Colonies Per Tree vs. Defoliation

Early in 1949 red-headed pine sawfly colonies were intraduced on
red and jack pine trecs of diffevent heights to resolve the problem of
feeding intensities at various colony levels on the Manistee National
Forest. TPopulations confaining 1.2, 4, and § second instar snwily
colonies were placed on 3 replieates of 1-. 2-, 4-, and 6-fool high trees.
Daily observations were muade of the rate and intensity of defoli-
ation and the behavior of the Isrvac.  Although discase crused high
mortality during the fatter part of these studies on the Inrger trees
and markedly influenced the intensity of feeding, gmeneral feeding
trends were evident on some of the plots.

Red Pine—DPlots for red ine dofoliation studies were selocted in
sand-blow plantations representative of arens highly susceptible to
sawfly attack in contral Michizan.  On the 1-foot tree plots 4 colonies
per tree completely defolixted the red pines by the end of the 6th day,
2 colonies caused complete defolintion by the Lith duy, and 1 colony
by the 18th day (fg. 14, 2L).  On the 2-foot red pine complete defolix-
tion was accomplished by 4 and 2 colonies by the 16th and 22d days,
respectively (fig. 14, B). One-colony defoliation reached the 50-
sercent level by the 25th day; upparently disease influenced the rate of
arvel feeding on this plot. Feeding was interrupted completely on
the 4- and 6-foot red pine plots. ’
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figucte 14.—Rate of defaliation by 1, 2, and 4 red-headed pine sowfly calonias: A, 1-foot
red pine; 8, 2-feot red pine; C, T-foo! pack pine,

In addition to defolinting the trees on which they were introduced,
the larvae migrated to adjacent red pines, where they continued to feed.
In the study aren of 2-foot red pine, migrants from the 4-colony hosts
established themselves on 14 frees: 2 trees were completely defoliated.
One of 10 pines attacked by 2-colony migrants was 50 pereent de-
foliated. In the study area of 1-foot red pine 29 pines were attacked
by larval migrants from the three 4-colony host trees, Twelve were
defolinted in excess of 50 percent, 8 were completely defoliated. Mi-
grants from the 2-colony trees established themselves on 18 adjacent
pines.  Six of the pines were defolinted in excess of 50 percent, 2 being
completely stripped.  Migrants from the t-colony red pines reached
5 nearby pines where they caused only minor injury.

Jack Pine—~—The jack pine defolintion plots were located on sand-
blow aveas representative of forest plantings most susceptible to sawfly
attack {lig. 10, p. 19). Defoliation of the 1-foot jack pines was com-
pleted within an average of 19, 13, and ¥ days by 1, 2, and 4 colontes of |
suwflies, respectively {fig. 14, ("). Disease curtailed feeding on the
remuaining plots.  Larval migrants from the 1-foot Jnck pines suffered
rather high moertality after leaving their host pines owing to high
gand-surface (emperatures.  Despite these losses Inrvae from the 4-
colony trees estabiished themselves on 2L nearby pines, where they
caused defoliation in excess of 50 percent on 4 trees. Migrants from
the 2-colony trees affucled 28 nearby pines; 2 of the pines sustained
defolintion in excess of 50 percent and 3 were completely defoliated.
One-colony migrants reached 23 nearby pines, completely defoliating
1 and severely defoliating 2 others,

These intenaity dafn have practical application in predicting the
rate of defoliation of forest plantations and the time limits within
which control aperations must be completed to avoid severe defolia-
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tion. For exmmple, control applications must be completed within
10 days after larval hatch to prevent 50-percent defoliation of 1-foot
red pines by 1-colony infestations per tree, and by the 5th day to pre-
vent 50 percent defoliation by 2-colony infestations. To avoid com-
plete stripping of 1-foot red pine, control must be applied before the
18th day after hatching on l-colony infestations and by the 11th and
6th day on 2- and 4-colony infestations, respectively. On the 1-foot
jack pine plantatiouns, 50-percent defolintion would result by the Hth
day on l-colony infestutions, by the Tth and 6th days from 2- and 4-
‘eolony attacks.

Site Preference

During the outbreaks on the Shawnee Nationnl Forest. areas sup-
porting exceptionally high sawfly populations were kept under ob-
servation to gain an insght into the ccology of the suwfly. When
shaded and open-growinge pines were prosent in the same plantation,

" 'thé former were preferred.  When the latter were infested. most of
the nearby shaded pines were also infested.  When the sawfly popula-
tion declined in 1947 and 1948, pmes growing in the open were
first to become free of sawfiies. [n areas of low populations. oniy
pines growing in the shade of overtopping hardwoods were infested.

This is not in accord with the Andings of Brown and Daviault (7)
and Atwood and Peclk (2). who reported ufestations in only voung
pines growing in the open: nor iz it in aecond with the report that
shaded-pine areas were relatively free from sawily attack (MuaeAloney
and Secrest /2). Beal (.21, however. reported 23 percent of open-
growing shortleaf pines infested as conmpared to 53 percent overtepped
pines infested with the sawily.

To determine more geeurately the trees or parts of trees most fre-
quently attacked. the site of egy depoition was nvestigatod. The
presence of sawfly eggs s o better eriterion of sife selection than the
presence of Inrvie because the Iatter may Be absent as a yesnlt of epe
parasitization.  In shaded areas, oviposition did not follow a specific
pattern: ergs were laid on needles on ull parts of zhortleaf pines.

Tnder partial shade. however, eggs were concentrated in the most
densely shaded needies.  Ta endemic populations oviposition was
restuicted to shaded areas of plantations.

On open-growing shortleaf. sawlly cugs were concentrated in the
dense needle ciusters on the fower branches.  Of T0 cug batehes laid
on 20 open-growing trees, during the second generation in 1947, 43
were laid on the =outh amd east sides 8 on the north side. 6 on the
west, and the remaining 12 on the leader. With the oxception of eggs
Inid on the Teader. 2)1 were laid in the dense needle clusters on the
underside of the lower branebes. During the cndemic peviod in
194849 epps Inid on pines in poor-survival areas were also concen-
trated in dense needle chustors on the lower hrapelies (e 13).

It uppears, therefore, that on the Siuovnee Nationad Forest the suw-
fly selected shaded pines and the most densely shaded paris of pur-
tinlly shaded or open-growing pines lor oviposition.  The afltack on
roadside and reereational-gite pines wug one of a.ailability, Con-
fronted with but one choice. the sawfly oviposited on whafever pine
species wus present and suituble.
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Figure 15.—Poor susvival of a shodlesf pine plantotion that was highly susceplibie 1o
red-headed pine sawfly attock, Pine in foregeound hod large concenirotion of sowlly eggs
en densely shoded needles on lower bronches,

O the Manistee Novional Forest, Iaree concentmtions of sawfly
Bpvee woere oleerved on falo and red pse phatations overtopped by
hardwoods, Inaddition, phes gronwing in poor-nevical areas, on
=aried blows, wid alone the vdoes ol elosed plantations were soverely
infested, The inlestation paiterns sind the <everity of attack on the
fopeaog sites are dsctissed Tiete sepiraiely.

Saphodd Planctions, Dieloligton resulting from the 1916 1> oul-
break Ok the Manitie Hunevr DHetriel was pore ~evere on dsder-
planted jack piee thareon juek prse srowing bt the open, The infes-
b don wa- nore kense. both Prom she <tandpsing o mnuber sipacked
aicd e devgree of defolmon of pedividoal tree<s o vvaluaie the
inflience of Lupdwood cover an ~awtly ~ite ~selec Emn. 23 one-tenth of
il acre pled~ contineing LIS trees were pxamined inoan aver of 560
acre~ of waderplied fack piwe. The muoine of <hade was ronghidy
einated  wil Yo hardwosd overstory elosnre entesaries, aned
the mamber of rees Rifled the wder partially defoliated b not
Rillod i 1936 ancd W7 and the wnmmjuved were tatliod.

Athongly o prowressive hiereise i atinek was evident as i ud\mnd
erowh clo~iiee Leezane more completes the relitionship was nor siadiz-

tiealy signifieant (eoeflicient of vacrelation ¢ LGOS, | pervent =
BO1T D pereend osTEr, Posabdy wnder Tess wevere conditions, the

relationship noghn have been more prononueed. On the area soe-
veved S percent al the rees exumined hiad been attacked by the
sawily,

The weemnnlanive 1986 s sanily mfestation i an adjacent X0-peire
uwsdersiory jack pine plantavion was determined after the vomple-
fon of the LN defolintion.  Nine plats of 26 trees cach were
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examined along a 2-tree strip. ‘The presence or absence of hardwood
overstory was noted but no attempt was made to estimate the degree
of overstory closmre. In the shaded parts of the plantation Y84
percent of the pines had been attacked: in the open, 75.7 percent.
Among trees in the shade T48 percent had becn completely detolinted
and were dead: in the nonghaded areas only 225 percent had been
killed. ‘These differences were statistically sigmificant. Sawily
acfivity was ab Tow ebb on this plantation during 1549, A few sawlly
colonies were found feeding on the surviving understory jack pines,
where gevere morlality had occurred; pines growing in the open
were practically free of kirvae,

Plantation Fdges—-Defoliation of older jack pine plantations is
ofren more zevere along the edges than within these closed stunds.
This pattern occurred on national forests seattered throughout the
Loke States. On these plantation edges ihe branches of jack pine
extended to the ground, and the fullage of the trees wis more dense
than on trees growing within the closed stand. On the Cadillac
Ranger District in 194 and 19480 the majority of the sawlly eges
laid on boeder (rees were on the protected needles well under the
lower branches and neav the ground.

Plantations With lssoeiatrd Burdee Hardwoods—Throughout
the sawfly outhreak on the Cadillae Ranger Distrier from 1946 to
1948 exceedingly heavy defolintion of jack pine oceurred along the
edges of plantations where the erowns of border hardwoads extended
over the trees.  The majority of the avertopped pines were completely
stripped of their folinge. The relationship between hardwood pres-
ence and sawly attack was studied along the sonth houndary of one
jack pine plantation and the eaxt houndary of (wo other plantations
where residual hardwoods hadud the outer rows of jack pine. The
distunce of ench jack pine tree from an established Dageline was meas-
uved. and the pereent of defoliation was estimated with the geometric-
progression procedure previously outlined.  Hardwood stems andl
crowns were Jocated wnd plotted oy crown projections. Sawtly defoli-
ation waz identitied by evidence of previous bark feeding, reomins of
chewed needles and needie =heathz, and by the presence of large
gquantities of Irval fruss.

Pine mortality was closely assueiied with the harvdwood crowus
on the seuth wnd enst boumdaries of the study areas: the Lateer is
lustrated in figure 16, The decrease in defoliation intensity that
occurred as the distanee fron the soutli-houndary hardwood erowns
inereased is iustrated in ewee 170 That this nay have resulted
from the presence ol larger amounts of foliage on the pines growing
in the open is questionable. tn view of (he striking dechne in npmber
of trees nttacked ns the distance from the hardwood erowns inereased.

Plantutions With Lesaviated [ondoenad Havdwoads-~The relation-
ship between hardwoods and sawily acGek in the whsence of the horder
influerice was exnmined in three jack pine wrens containing single over-
topping hardwonds within platiatious. Spaciig of pioes was 6§ by 6
feet throughout. even nnder the residunl hardwoods. "The distanees
of each hardwond and of the pines fron an established haseline were
menswred, the pereent of defolingion of cach pine estimated, and hard-
wood crown projection over the jack pine determined.
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Figure 16.—Heavy red-headed pine sawfly infestation assodated with shading hy residuol
hardwoods of east horder of jack pine glantetien.

Trees direetly heneath Lardwood ceowns= mnd inoa baaud oxteteding
1o the novily were complerely defoliated i every case tlig. Is). Again
there wis a deeline i the nmaber of (ree~ adtieked o= the distee
Feony the haedwoold crown inereased.

Fihentfafions in \.!r‘fl(f YT i'f{rf[ Derery Supeieed Livore, OV W=
v wiraele wlso ocenpeed b ved aml jack pine wrowing in <l blaws
and where siwrvival was poor an the Cadillae Ranser Distrier during
PG I~ beororely estended beyond the st or <eeond rows of pines
vrow g i ~added or elosed paves of siands cligs. 90 Cand 2 and 20,
The majority of eew batehes o pines e these avens were deposited on
dersae needle elusters oncthe fower beanches, Tiitial invaston ol wew
plintine< by the sawlly oeenrred in sad Blows,

Low PoOrULATION RELATIONSIIIPS

Areas cenlogieally. Tvorable o the sawliy oo the Shawoee and
Mamstee National Forest~ werp examined periodically thravghont
the onthreaks to determine the stamns of the sawily poptaiion. Prace-
tieadly every Favornble site nrhors] reservoir poprlations long alter
the epidevne suli-ided. The-e persisting populations could coneeiv-
ably Do the loer of ftare antbreaks. Aveas on the two forests will be
discu=sed ~eprrately ax they reppresent ditferent ovarraphic areas with
dilfereni host speeies,

Shawnee National Forest

Ifirst to bevame Tree of sawilly activity when sawily populations
dectined on the Shawnee National Forest fn 1905 weve open planta-
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Figure 17.—Diagram of south ‘edge of jack pine plantation,. illustrating heavy red-headed pine sawfly attack in vicinity of hardwood crowns.
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Figure 18.—Diagram of jock pine plantation, jliustrating severe red-heoded pine sawfly
attack in vicinity of hurdwood crown,

tions. Reservoir sawfly populations persisted in shorvtleaf pine plan-
tations where sassafras and persimmon evertopped the pines and
where hardwoods shaded plantation edges. No differences in egg
parasitism between shaded and open plantations occurred which could
account for the continued differential sawfly attack in the shaded arveas.
Defolintion in the shaded areas increased in the second generation in
1949, and in the third generation sawfly activity was markedly in-
creased over the forest asa whole. Heaviest infestations were observed
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Figure 19.—Sand-blow plantations severely defoliated by red-headed pine sawfly, Manistee
National Forest, 1948; A, Jock pine; B, red pine
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Figure 20.—Diagrom of juck pine plantation, illustrating severity of red-headed pine sawfy
attack in area of poor survival,

in the shaded areas; only scattered defolintion occurred in the open-
growing plantations. Reservoir sawily populations also persisted on
the open, widely spaced, poor survival areas of shortleat pine in 1948,
and heavy defoliation of these lone trees occurred during the increased
sawily activity period in 1949

Manistee National Forest

Small sawily populations were present on all plantations on the
Manistee Ranger District and on_the shaded jach pine survivors of
the 104648 ocutbreak., On the Cadillac Ranger District reservoir
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 weve practically free of
saw(lies. Volunteer pine seedlings established in areas where complete
defoliation and mortality of jack pine had occurred were attacked by
the sawfly during 1949 and 1950, On one area 7 of 34 volunteer seed-
lings and 6 of the juck pine survivors of the previous outhreak were
attacked. Fourteen sawily egg batches were present on the volunteer
seedlings nnd 14 colonies on the original jack pine survivors in the
vicinity of the hardwood crown. One of 10 volunteer seedlings in the
shaded area between 2 east-border hardwoeods was attacked.

CLIMATOLOGICAL INFLUENCES

The profound influence exerted by climatic factors on forest inseet
snrvival, distribution, and development is well recognized. Studies
of the infiuence of climatic factors on the red-headed pine sawfly are
few, however. With the exception of papers by Middleton (27} and
Brown and Davianlt {7), ensual observations constitute the informa-
tion available.
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Temperature

Numerous workers have reported early emergence of sawflies from
cocoons spun in sites exposed to maximal quantities of daily heat, and
they report the early appearante of sawlly adults following abnor-
mally mild springs. Daviault 7 recorded that the peak of abundance
of adult emergence generally coincided with similay peaks on air-
temperature curves, and that emergencs was more rapid from cages
well exposed to dirvect sunlight. A deerease in the number emerging
and an increase in the time of emergence was observed as depth of
cocooning increased. Femules 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) repout that the red-headed pine sawlly had
the highest theoretical threshold of development after hibernation in
the cocoon of any of the § species of sawflics investigated in Canada.
Females had o theovetical threshold of 49° T, and the males 47°, with
thermal constunts of 414 and 441 day degrees, respectively. Under
field conditions, n 2.6-percent decrease in time was recovded for females
and 2.0 percent for males.

The writer observed red-headed pine sawflies ovipositing at air
temperatures as high ag 106° 16, and as low as 46°.  Oviposition time—
the time consumed 1u cutting the egg pocket in the needle, laying the
ege, and moving to the next egg pocket site—varied according to
temperature. At 907 it averaged 49 seconds per egg, and at 32° 143
seconds. Between 60° and 70°, oviposition averaged D0 seconds per egyp.

Egg incubation Lime 15 closely associated with atmospheric tempera-
ture. Ilatching occurs euvlier duving peviods of high temperatures and
is mavkedly delayed during periods of low temperatures. Middleton
(21) reported egg incubatton times of 21, 18, and 13 days at mean
femperatures of TL.23° I8, T.£50°, and 78.8°, respectively at Ifast Ialls
Church, Va. Davianit 7 reporied menn incubation periods of 25 days
ab 64°, and 23 days ak 67° in Quebee, Canada.  Egg incabation periods
avevaged 20, 13. and 24 days during the first-, second-; and third-
generation activity periods in Jane, August, and September, respec-
fively, on the Shawnee National Fovest.

Larval feeding is vetarded during conl, ¢cloudy days and neeclerated
daring warm days (21). The writer observed a decline in the feeding
intensity when temperatures neaved 100° I, and complete cessation
below 35°,

The severe mortality among migrating larvae caused by high sand-
sarface temperatires has been discussed in a foregoing section. Lar-
val survival was less than 33 minotes when sand temperaiures above
105° Ir, were encountered.  Sawlly lurvae survived fomperatures as
Iow as 22° on several occasions on the Shawnee National Forest in
1947, and resumed feeding an the warimer parts of the day.

Moisture
Fittle is lnown concerning the influence of snoisture on red-headed
pipe sawfly activity. Middleton (2/7). sormising that egg hateh was
closely associated with Inouidity, menfioned Fhat sawfly eges hatched

% Roe tootnoto o4, p %
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in 21 days at an average relative humidity of 74 percent, in 18 days
at 63 percent, and in 18 days at 65 percent. He added, however, that
normal hatch was probably greatly mfluenced by a balance of the light
and moisture with limits and optima existing. Brown and Daviault
(¥} observed greater sawily survival in the cocoon stage betsveen 40-
and 43-percent velative humidity than between 90 and 95 percent.
The threshold of development of female sawflies was 10.8° C. in the
90- to 95-percent relative humidity range and 9.5° in the 40- fo 43-
percent range. Male threshold temperatures were 94° and 8.4°,
respectively.

Light

Sawfly emergence on the Manistee National Forest from 1946
through 1950 reached its peak during the first week of June, accord-
ing to Forest Service personnel. Since oviposition generally beginz
soon after emergence and reaches its peak during this period, the
shadow patterns cagst by the havdwood crowns in the first week ot
June should closely coincide with the areas of severe infestation in
the vicinity of the hardwnods if a valid shade-infestation relation-
ship existed. In the absence of an “oviposifion week™ shadow pattern
(the lnteness of initiating field studies i 1948 and 1949 prevented the
measarement of shadow patterns during the oviposition period) the
shadow pattern cast during the weel of July 10th, 19 days after the
longest day of the year. was selected as most similar to that cast duving
the first week of June. The areas of heavy infestation coincided with
the shadow patterns cast ac 10:00 a. m., 12:00 m.. and 2:00 p. m.
(fig. 21): the 8:00 a. m. and 4:00 p. m. shadows were practically
horvizontal and therefore are not considered.

Although the sawfly selected shaded pines for oviposition and the
densest needle clusters on the open-growing pines. the absence of
light may not be designated as the only factor influencing ceu site
selection.  Other physical factors commonly associafed with de-
creased sunlight may also Le actng. Dilferences in needle charue-
teristics which conceivably influence site selection may occur under
these conditions. TFinal needie selection or vejection was undoubtedly
based primarily on needle churacteristics,

PREDICTED NUMBER OF GENERATIONS PER YEAR

The available information concerning the nwmber of genevations
per vear of the saw(ly has been superimposed on a map of eastern
Tnited States showing the average length of growing seasan, based on
the average number of frost-free days per year /8. fig. 22). Dre-
dictions of the number of generations of the sawfly are hazed on
average growing seasons, and deviations in number of generations ran
be expected during esceptionally Tong or short growing seasons.

INFLUENCE OF DEFOLIATION ON HOST

In northern Tnited States and in Canada, jack and red pines suc-
cumb to o single, complete defoliation. Single branches generally
die, although partially defoliated branches frequently sorvive if a
few needles or living needle stubs remain. Among the southern
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Figure 21.—Dicgrem of jeck pine plamtation illustrating relationship between hardwood
shadow cast duting red-headed pine sawfly oviposition period and heavy sawfly attack,

hard pines Ioblolly, longleaf, shortleaf, and slash pines often survive
complete defaliation,

Beal (3) reported shortleaf and loblolly pines betfer able to with-
stand red-headed pine sawfly defolintion when growing in the open
than when growing in competition with overtopping hardwoods.
Mortality nmong open-growing trees resulted only when 75 percent
or more of the folinge was destroyed: §4.2-percent mortality resulted
when 70- to 100-percent, defolintion occarred. Among trees growing
in competition with overtopping hardwoods, 33.3 percent died when
26 to 50 percent of the folinge was destroyed, 55.0 percent died from
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Figure 22.—Predicted number of generations per yeor of the red-headed pine sawfly, based
en length of growing season.

51~ to Ta-perveent defolintion, and $3 pereent died when Ti- to 100-
percent defoliation occurred.  Severe root competition and Tarval
bark feeding were possible additional Factors influencing suevival.
The effecls of defoliation on shortlea ! pine survival on the Shawnee
National Forest was evaluated on 125 trees sustaining varying degrees
of sawfly feeding in 10E7 in an open G-yenr-old plantation. Tree
heights were measured Lo the nearest Toot and defolintion ealhnated,
Tn November 1%H® all frees were reexuntined, tree vigor noted, and
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tree heights remeasuved.  Although the inifinl purpose was to deter-
mine shortleat pine survival following defoliation of varions infen-
sities, the gross effeets of purtind wd complete defolintion on rdial
incremient were also demonstrable,

HOST SURVIVAL AND_VIGOR

Shortleaf pine mortadity vesulting frow defolintion was negligihile
Only 3 of 44 pilaes completely defalinted by third-generarion larvan
in 1046 died ws a vesnlt of the attack. A0 teees partindly 1o completely
defolinted during the first- or second-generation peviod in HMT sur-
vived and regained their former vigor thig. 233, Height-growth ox-
pression of defolintton injury was masked by leader destruction by
the Nanineket pine tip moth ( Rhyacionie frustrana (Comst.} ), during
LT and 10450 Despite the combined sawfly and pine t3p moth injury,
height growth for the 3-yvear peviod averaged 4.3 leel on 41 (rees conm-
pletely sripped by thivd-geperation larvace in 1946, L6 foet on 16 trees
dennded during the fiest generation in B4, and 5.3 feet on 20 frees
completely defolinted by the second generation in HMHT,

RADIAL INCREMENT

The eifeets of partial and complete defolingion on radial Incvement
were detormined by equating the average annval eadial increment of
defoliated trees with thai of comparsble nondefolinied trves iy the
sate plantations. ‘Fwo pines from each defoliation category weve cut
i tnches above the ground In November 1948 and the annoal radial
werement weaxarod nnder o binoewlar microseope wlong 1 padind gor-
Faves: average radial inevereny for all trees throngh HHE was com-
puied a= 1 Single avernge,

The efleets of first-penermiion =uwily defolintion in 1047 were ye-
flocted in o reduction 1 aonual Iscrement i the yenr of injury and
a rapild vecovery duving 1S el B9 fligo 24, .0y, The reduction in
sl rcdial inerement associared with sawHy delolintion was ap-
proximately in the order of e severity of the injury  below Mkpereent
defolintion, reduetion- i gad inerement were not deteetible. When
compared on oo aectimubative annuad Jnerement basis the temporary
nadpee of the inervinent boss wiet rovenled (e 24, 7).

The ellects of complote second-genoration sawily defoliniion were
detemsined by compuring the average anvual radial Tnervment of 1
pines comspletely ~tripped of their foliage during the second genera-
tiow tn 19E7 with g like nmmber of trees complotely defolinted during
the lir-t generation. The haie defolintion was reflected 1o reduetion
i the following <epson's inerenwnr (1ig. 24, 1y The delayved effects
of defolintion o the second cenernon resulted beeause most of the
waed hadd been Intd down priov to the indtiatiou of defoliation in con-
frast to ihe former situntion in which defoliation began prior to the
completion of radial wrowth, The reduction in annnal ierement
during the year following defoliation was mininized by wn aceelera-
tion in radial growth during the ~econd growing sessun whicl re-
eained the previous losses ofig, 24, /1),
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Fiqure 23.—A, Shertleaf pine foflowing complete first-generation red-headed pine sowfly
defoligtion in 1947, Upper bronches and leader hod begun to refoliate prior to com-
pletion of larval feeding. B, The same shortleaf pine fully recovered at end of 1949
growing seasan,
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Figure 24 —~Ceomparison of efects of complete first and second generation sawfly defoliation:
A, On annual shortleaf pine increment; B, on accemulotive annual shortleaf pine incre-
mernt.

The elfects of a single third-generation defolintion were not deber-
mined.  However, in & plantation where complete third-generation
defoliation was coupled with previous severe defoliation in 1048, 2
plots of 22 trees each were selected and a small square of phioem re-
moved from the base of each tree on June 6, 1947, to wound the grow-
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ing tissue so that sabsequent growth could he identified. Five trees
trom each plot were cub in November 1949 for vadial increment de-
terminations.

Coemplete thivd-generation defoliation combined with the previous
severe defoliation during 1946 resulted in @ reduction in annual incre-
ment during 146 followed by a greater reduetion in increnent; in
147, TRecovery was rapid and the injured trees appeared to be re-
ooining their losses by 1949,

POPULATION SURVEY METHODS

The development of reliable sampling methods for determining
forest insect population levels iz often diflicule.  The methods of ap-
proach differ Trom those used for evaluating agricultural insect, popu-
Iaiions, Parficnlarly is this teue when the lar e physieal size of Fovest
frees, the vast acreages involved. and the value of the erop nre ¢on-
sideved. Tn addition, forest inseet surveys are complicated by vari-
ationg in stand (‘(]l]i[’]()sltlf)ll and density. and (ree age and she ape. Fhe
halits of the insect species and the facitlity with w fich its various life
stages ean he detected and examined infivence the methods ciployed,
Fin: ally, the ultimate application of the ingeet population density in-
formaiion haz a marked influence on the snrvey method selected.
('oniro) activities, for example. may require a survey method sufti-
ciently rapid and thovough enough that examination of the infested
forest arew ean boe mmph\lm‘[ hefore eceonomic injury has oceurred,

SURVEY GRITERIA

Adult Stage

Adull =awilies have not proved satisfactors survey eriteria,  Al-
though veadily obzerved. the llight perind is =hort and the penk of
CINCFTEIRT toh]om extends over more than a week, IF ()Hn\\m'r emer-
gence The majority of each Female’s egas are latd within 2 or g days.
Timing eomsiderations ansdl the di fhr-u}t\' of obtaining un adequate
snpp]\' af virgin fomales during the eritieal adult llight period prac-
rieatly ritle out the nse of virgin fomale haited traps in routine popu-
Tation determinations.  Adnll sawllies are not attracted (o lights,

Egg Stage

Sawlly exe popniation estimates are fheoretienlly the most relinhle
eriterion of mitial =awfly populations. Severa] ohstacles preclude their
use in routine surveys however. The size of the host tree influences
somewhat the reliability of this stage ag a useful eriterion.  Tor
example, on trees Jess than @ feet in height, egg eounts have proved
satisfactory, while on hurger trees observation difliculties reduced the
elliciency of estimating the poptlaiion.  The presence of a large egy
parasite population practienlly precluded the use of sawlly efrgs n
precontral surveys on the Shawnee National Forest. On the nor cthern
forests, widespread ege puragitism has nof oecurved wned ege surveys
have proved more reliable.
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Larval Stage

The lavval stage has proved the most reliable sawfly population
criterion for control programs. Onee larval hateh is camplete, de-
foliation progresses at a rapid vate. Although drastic population
reductions caused by extremes of woather, and predation and disease
oceur, the former ave rather infrequent and the Jatter relatively un-
common.

On the Shawnee National Forest the fivst- and enrly socond-instar
Jarvae habitnally feed well back in the sheliered, densely shaded parts
of shortleat pine. Theiv small size. combined with their secretive
Teeding habits. Timits the use of these early insfars.  Second-instar
Inrvae move onto exposed hranches and leatlers to continue feeding.
The strawlike flags left as a vesult of their carly needie-edge feeding
habits (fig. 7, p. 15) are also useful eriterin of sawfly presence,

On the northern forest aveas. where complete defolintion resulis in
mortality, surveys must begin earlv.  Jack and ved pines seldom
produce dense Toliage and the carly Tarval instars nre remtily detected.
Preconivol operution surveys can generally be undevtaken us =oon us
ferval hateh is completed.

Frass Collections

Frass eollections have heen used snevessfully in popidation investi-
gations of soveral forest insecls attacking Livwe trees.  Boeause fhe
suwlly seldom atincks freex that ave more (han 12 feet (o 15 fect in
height, this eriterion was not tesied by (he weiter. [ was move feasi-
ble te examine the tree for larvae. "The prineipal value of frass col-
Teetions was in the flentitication of larval foedinge 2 or 3 years alter
mjury.

Cocoon Stage

Thmie mnd spare cocoant connis have heen need sueces=fully in evalu-
ating spruce, pine, and lareh sawlily populations. T'nlerfunately. the
cocoons of the red-headed pine sawily are often dilicult to collect.
The Tast instar Jarvae niigrate considerable distnnees e Fare spinning
their covoons, presenting sneh a wide distribution that it is impractieal
to seareh for them. On sandy soils where a livge quantity of surface
debris (fwies and sticks) exists, covouns can be fonnd witl itHe
difliculty s in loamy sail, eocoon seareh = Futile.

Injured Host Tree

Current and past sawily defoliation are exeellent survey criieria.
Carrent injury, i the form of denuded branches or vavly ingtar foed-
mg llags, can he used where time Tonitations do nof requive immedinic
completion of a survey.  Previous searon’s sawily defoliation can he
employed when it is necessiory to predict control needs severn] months
in advance,
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Ecologically Favorable Sites

Periodic examination of plantation sites ecologically fuvarable to
the sawfly will veveal the relative population status and indicate in-
creases or decreases in the population. The criterion employed may
ba the eondition of (he host (vee or any of the active insect slages.

POPULATION SURVEY PROCEDURES

The intensity of the survey. or the acrenge of the mlested srea to
e examined, is based upon several factors.  Of prime importance ave
the overall acreages known or suspected to be infested, the severity of
the outhreak, the time available, and the manpower that can be de-
voted to the project. The purpose of the survey, 1. e., whether the
information is to be used in formulaling plans for control aclivities
or for studies of population trends, will also Influence the infensity
of the snrvey and the tvpe of information Lo be collected.  The selee-
ton of the survey eriterion will depend, in addition, upon Uhic stage
of the insect or host condition avaxinble,

The following survey procedure has proved practicable for estimat-
ing population fevels to determine the need for applying control meas-
wres against the red-headed pine sawfly: X one-half percent eruise
ix made of (he infested plantations, taking a series of 10, 1/50-acre
two-tree row plots, each 1 chain long, per 0 aeves examined.  There
plots may be examined along a single line or along # series of offsets
arpanged ns slageered =teps through the plantaltion. I'n poor sur-
vival areas. 22 frees may be sobstituted for the 1/50-aere plots, The
Tollowing infornmiion should he eollecled together with a plantation
map of the avea

. Taocation of plantation. township, range, seclion. subseclion.
ownership,
2. Dale of suvvey.
o Survey party.
§. Pereent eruise. plat loeation. and provedure followed.
5. Rough skeieh of plantation hleck hndieating parts exanined
and infested area,
LoAvernge piantation height.
7. Speeies of pine examined.
S, Entomologieat informaiion,
s Number of inlested il neiadesfod frees (enprent and past)
per plot by species.
b Stage of nseet pest Instars, efe.
eo Fstimate of previous and curvent injury.
- Ontstanding topographie featuves  vivers; Inkes, hills) and also
telephone lines,
. Estimated overstory.
a. Height.
L. Species.
e. Sky cover esbimates,
1. Boil fype and ground eover.

i2, Recommendation Tor method ol contrel: aerinl or ground

egueipment, '
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The plantation sequences to be followed should be left to the discre-
tion of the survey leader. In general, the youngest, most heavily in-
Fested arens, and aveaz of high nesthetic value should be examined
carly. Plantations of the preferred host growing in ecologically
favoralile sites should be high on the examination list,

ECONOMICS OF RED-HEADED PINE
SAWFLY CONTROL

“Lhe altimade decision caneerning the initiation of artiticial control
mensures {o reduve inzeet popudations must be based on <onnd economic
and entomological considerntions.  This obviously requires close en-
operation of (he forester and the forest. entomologist.  Bricfly, an
estimaie of populaGion suppression expendiinres must he compared
with the predicted Tosses that would vesult it control measuyes were
not applied. Tt should be emphasized. however, that it is nob gen-
erally entomelogically sownd to attempt eracication of widerpread
native forest defoliators.  Also. it i wot sound to attenipt Turther
population reduciions wder endentie eonditions.  Artilieal conirol
applications should be eonsidered temporary measures desiened o
bring the trees through a prticularly susceptible stage of their
rotialion,

The determination of eeonamic sawfly papnlaiion levels af which
artifical conteol measares must be Initinted is difienlt. Thiring the
100 sawily onthrenls on the Shawnee National Forest 10-percent in-
Testalion levels inshortlead pine plantations averaging 6 feet in heighi
and lessoand 20 percent In =horileat pine plantationg averaging more
than 7 feet in height were arbitearily seleeled,  Subsequent studies
revealed shortleaf pine able to survive sovere defolintion with relu-
Gvely low permanent increnwnt lossex.  Control applications ace,
thevetare. delayed theough at least one defolintion periad.  The necd
Tor conbol aetivities on recreational arews i= leff to the diseretion of
the Torest oflicial,

Beeause hoth jack and ved pine wre extremely suseeptible o de-
folialion injury. conirals =bould be applied when outhrealk mrwliv
populufions are Tonnd. The 10- and 20-pereent ceononiic ilamage
fevels previonsly cited Tor shortlenf pine are heing used on the pine
plantations in the Lake States and are veconmmuded Tor the North
Cenlral Stmes hard pine areas,

CONTROL PRACTICES

Control ol the sawfly may be accanplished easiest by destroving
the. Trval stage during the feedine period. Attenpts 1o destroy
the adull. egrer, or coconn stages will prolably be unsuecesstul, hotl
from the standpoint of actual population reduetion aeeamplished as
well us from the cconmmie standpaint,  Most snecossful Laeval kills
obtained during ronfine control programs on nationsl-forest plan-
taizons have been secomplished by delnyine sprayving uniil the ma-
Jority of the barvae have passed ihesecond instar and moved o exposed
Teeding siies.
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INSECTICIDES

Satisfactory control of the sawily has heen reported for practically
every stomach poison fested ngainst. the larvae.  Among the more
recently developed organic inseeticides, DIYL js the most economical
and good kills have been obtained with most formulations. The
equipment, employed will diclate the formulation and dosage to be
applied. Equipment limitations and recommeudations for specific
operations are discussed in the following section.

For aervial applieations a solution containing 1 pound of technieal
grade DDT dissolved in an auxiliavy solvent and diluted to make
1 gallon of insecticide, should be applied al the rate of 1 gallon per
acre.  This applieation rate is alse vecommended for truck-mounnted
mist blowers. Qil solutions confaining 3 percent. DIYE have given
ood resuliz when dispensed with knapsack sprayers equipped with
mist-prodncing nozzles (235 pallons per Aorr capacity) at The vate
of approximarely 1 gallon per acre. Care must be exercised fo avoid
overtlosing sinee foliage hurning is possible when oil solatious are
nsed. By allowing the inscetivide mist fo drift through the pine
olinge, sulficient invecticide s appliod (o kil ihe larvae, For garden-
pr orchard-iyvpe knapsack spraverz, 3 percent waler suspension of
wellalde DIVE powder or 3 pereent waler emudsions shoukl be sub-
stituted for the oil solutions. When applied at the wie of 20 to 25
gallons of inseeticide per acre, good kills have resnlfed,

CAUTION.—DDT is poisonous. Store in plainly labeled con-
{ainers away {rom all food products.

Recommendations For imseeticides and yarions types ol cguiprient
For use on ornamentals, small planrations, and nursery rows aree ont-
lined by Schaliner 128).

LOUIPMENT

The size of the infestedl aren, the perisd during which the insect
is susceptible 1o inseeticides, and the physical eharacieristies of the
aven, sueh as (he amount of hardwood overstory, accessibility, and
shape wHI Jnrgely dietate the choiee of equipment.  For aerial appli-
paitons (o he ceonomieally feasibie. the conteol progron should inelude
af deast 500 acrves,  dudividual areas Jesz than approximately 20
acres should not he treated frond the aiv and 1 i doubi ful whelher
satisfactory kills ean be obtained in plantations growing under greater
than st-percent hardwond eanopy cover,  Contral applications fron
e ground. uzing hand equipent, will be governed by the total
acreawe infested, the necessibility of the arex, and the size of the
infested trees.

SUMMARY OF CONTROL CoOSTS

The cost. of ppplying control measyres on nabional forests Fhrongh-
ont 1he north central region hes varied constderably. "This i fo be
expreled since the (otal size of the progrion amd the size and dis-
iribufion of the individua! Torest plantations nuderially alleet the
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efliciency of the operation. For control jobs of 300 acres or over, the
average cost per acre treated with oil solutions of DDT by airplane
is $1.75 to $2.00, by mist blower $1.50 fo $2.50, and by hand, $2.50
Lo $5.00.

SILVICULTURAL CONTROL

The avoidance of sawily defoliation injury through sound silvi-
cultural practices and planting methods lies primarily in the selection
of situations ecologically unlavorable to the sawlly. In many in-
slances, this 1s not always possible.  Sand-blow avens and partially
shaded sites nltimately will be planted. Offen these sites may be
unfavorable to substitute pine species comparvatively resistant to suw-
fiy attack. Tinder these conditions. autificial conlrol mensures may
have to be applied to hring these plantations through their most
hazavdous period.  When aveas highly susceptible (o saw{ly attack arve
planted, they shiould be kept under sucveilianee and control under-
taken if economic sawlly populations develop.

To reduce the visk of red-headed pine =awily altack, the Tollowiug
veconnmendations ave presented,

1. South Clentral States,

a. Avoid planting hard pines under hardwoods,

b, Averd planting haed pines within approximately 25 Teet of ull
hardsrood berdevs. or remove or givdle residual hardwoods,

. Undertake early release of havd piue planlations from hard-
woold overstory.

. Replant areas of poor <urvival to prevent widely spuced, open
plantations.

Promote cavly elo-ing ol plantalions Ly planling at no greater
than G- by 6-feet spacing.

I. Mamtain surveillanee over susceptible planlings,

2. Novth Centrad States.

a. Aveld planting hard pines wider hardwood overslovies, par-
ticularly with Jark pine plantings.

b. Aveld planting hard pines within approximately 25 feet of
hardwood borders or pexidual hardwood crowns. Hemove or
gidle residunl hardwoods prioe fo planting hard pines,

-~ Replant areas of poor survival to prevent development of
widely spaced open plantations,

. Substitute ved pine {or jack pine wherever possible,
O Alainfain surveillanee over susceptible plantings.

SUMMARY

siological andd evofogicad studies of the red-headed pine sawlly
(Neodi prion Treonted {IFitehy ) and it2 conirol throngh e application
of DLYT sprays frong aiveraft were winlertaken as a cooperalive proj-
eel by the former Bureaw of Eatomoelogy and Plant Quarantine, the
IForest Serviee, and the University of Minnesota.  These stadies wero
conducted on the Shawnee Nationzl Fapest in sonibern Hlinois during
LOLET, 1k, and 1949, amd on (he Manistee National Forest in eentral
Michigan in 1905 and 91, Sawily infestotions on national [orests
t Michigan, Minoestofp, Missonri. and Wiseonsin were also examined,
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This sawfly is one of the most important native forest insects de-
foliating young hard pines in castern North America, Sinece its de-
seription by Fitch in 1858, it hins 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 Manatee County, Fia.,
to Kindiognmi Lake, Ontario, and Albanal, Quebec.

Outbreaks of sawlly from 1822 throngh 1953 occurred in Alabama,
Massachusetts, Michigan, New York, Ohio, and Tennessee during the
193%%s, and in Ilinois, Michigan, New Yorlk, and Wisconsin duving
the 1940%.

Nine native hard pines and seven introduced species are hosts of
the sawfly. 1In addition, migrating larvae attack two species of white
pine, tamarack, deodar cedar, and Norway sprace.  In the Lake Siates
the sawfly prefers jack pine; red, Scoteh, Austrian, and Swiss moun-
tain pines are alse attacled but less frequently.  In the southern part
of the United Stales, shortleal pine is preferred; south of the range
of shortleaf pine, loblolly, longleaf, and slash pines nre intested. In
the northeastern part of the United States and Canada, ved pine is
preferred. 1n all rvegions the available species of havd pine is al-
tacked in the absence of the preferred host. )

The sawily overwinters as 4 prepupa n & ¢ocoon spun in the soil,
In the spring, pupation scewrs and emergence of the adults, maling,
aind oviposition scon follow. Temales lay an average of 102 to 141
eogs per bateh tn a series of shoe-shaped pocliets cub in the pine needie.
The number of exgs per needle varies from an average of 5.6 egus on
Virginia pine (o 12.2 eggs on ved pine.  Practieally the entive comple-
ment of eggs s lald; an average of from 2 to 3 egrs remains following
the completion of oviposition.

The progeny of each female sawfly feed as a gregarious colony
throughout the larval period. Newly haiched larvae chew cup-
shaped notches in the needles in which the oviposition oceurs. In the
second instar, they feed on the mesodermal pavts of the pine necdles,
leaving the centrul vascular tissne as stvawlike flags. In the third
instar, they feed on the leader and branch tip needles, Defoliation
progresses from the top of the tree toward the base. Larvae readily
{eave completely defoliated bard pines and migrate up to 19 feek across
bave sand to cstablish themnselves on nearby pines where they often
cause severe detoliation. Heavy movtality among migrating larvae
occurs when they encounter soil-surface temperntures above 103° F.
Migration across sodded areas is more suecessful than acvoss sand.

From 3 to 5 gencerntions of the sawfly per year have been reported
in southern United States, 2 to 3 generations per year in the mid-
central areas. and 1 generation per year in the northern sections and
i Canada. Digpause up to 5 years duration has heen reported.

Tifty-eight speecies of parasites and predators attack the sawily.
Twenty were exclusively in the United States, 23 exclusively n
Canada, and 135 in both the United Siates and Canada. The egg
purasite {(Closterocerus cinctipennisy was a prime factor in redueing
the sawfly population on the Shawnee National Fovest in 17 and
1048, The most important larval parasites were Spathimelgonia
spinigera and Phorocera hamuta.

On the Shawnes National Forest o linear velalionship exists be-
{ween the number of trees intested and the severity of defoliabion of
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the attacked trees. On shortleaf pine plantations ranging from 4.0
to 6.9 feet in height defolintion injury increased from 29 percent at
the 10-percent infestution Tevel to 59 percent, ak the TH-percent infesta-
tiou Jevel. Om plautations vanging from 2.0 to 5.9 feel; 32-percent
defoliation was sustained ab the 10-percent infestation level and 73-
percent defolintion at the Ti-percent intestation level,

On the Manistee National Forest o relationship between the inten-
siby of the infestation and the number of swwily colonies per juck pine
tree exists. As the percentage infestation incrensed greater numbers
of trees sufleved multiple attack,

Studies of the rate of defoliation by 1. 9, 4, and 8 colonies per tree
Tor 4 height classes of jack and red pine were undertaken. Although
diseuse killed many of the larvae before defoliation was complete on
some plots, general trends indicated the influence of Lime and popula-
tion concentration limitations. Migration habits of the sawily were
studied. :

On the Shawnee National Forest defoliantion was more severe and
the number of trees attacked greater in the shaded areas than in the
open aveas. Oviposition by femule sawflies was concentrated on pines
in'the shaded parts of the plantations and on the shaded parts ot open-
growing pines. The same situation existed on the Manistee Nationnl
Forest.  Heavy attacks were ulso common on (1) the edges of pine
plantations shaded by bordering hardwoods, (2) pine plantafions
shaded by single residnal hardwoods within the stand, {(3) sand-blow
pluntstions, and (4} nonclosed, poor-survival plantations. In most
nstinees, sawfly egg concentralions were observed in the shaded pacts
of the pines. A survey of a 560-acre jack pine plantation suggested
a linear relationship between the amount of hardwood cover and the
number of trecs attacked by the sawfly,

On the Shawnee National Forest, reservoir pepulations persisted
on the shaded »ines and on poor-survival areas during the endemic
phase of the suwwlly gradation. On the Manistee National Forvest
veservorr populations were also surviving on the shaded pines and
on the sand-blow and poor-survival aveas. In seversl instances, ve-
production coming in under hardiwoods shading previously killed jack
pine was henvily aftacked by the sawfly. '

Of the meteorologienl factors affecting the sawfy, light was of
prime importance in detevmining the oviposition site.” Shadow pat-
terns of single hardwoods cast daring the ovipesition peviod hetween
10:00 o m., 12000 my; and 2100 po o showed a close angreement with
severe sawlly attack, The length of growing season is clasely corre-
lated with the number of generations per year of the sawfly in the
United Stapes.

In the northern part of the Tinited States and Canada, jack and red
pines succumbed to o single complete defoliation. Single Lranclies
normally died when they were complerely stripped of their foliage,
Incompietely defolinted branches frequently survived when a Téw
needles or partially consumed needles remained.

Shortleal pines survived complete defoliation by Rust- and second-
generation sawlly feeding on the Shawnee National Forest. Only
T percent of the trees sncenmbed following complete fhird-generation
swwlly defoliation (194G) conpled with possible previous severe atiaels.
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Height growth was gond on all trees despite leader injury resuiting
from Nantucket pine tip moth infestafions that masked difterences
in height growth caused by sawfly defoliation. First-genevation de-
folation cilects below 50 percent were nob evident. Defolixtion of
30 to 100 pereent cansed increasingly greater mnmediate veduction in
annual increment. These Joszes weve temporary and the trees re-
covered their Josses wilth an increused annval increment the following
9 years. Complete second-generation defoliation did not vesult in
immediate vadinl inerement reduction as the pines had abont com-
pleted their growth hy the time defoliation occurred.  Defoliation
mjury was veflected in a reduved annual inerewent the next year.
The merement loss was regained during the second year following
defoliation. Completd thivd genevation preceded by previous severe
defoliation was veflected in o decreased uynual increment the follov-
img year. Increased increment the next 2 wvears compensaled for
the losses.

Among the several eviterin available for populaiion surveys, the
adnlt. egw. and cocoon stages are not recommended.  The lavval stuges
and ihe presence or ab=ence of host injury show the mest pramise.

Control of the red-headed pine sawlly larvae is readily accom-
plished using either ground or acrial equipment to dispense insecti-
vides. DBYT is the most practieal insecticide to use. TFor aerial
apy Veations, oil solulions coninining 1 pound of DT per gallon
and applied at thie rute of T zallon per acre have heen satislactory.
Three pereent DDV solutions e recommended for nse with hand
euipment. .\ simmary of applieation costs for the past 1 seasans
indicates that current acrial applications ranged from $1.75 (o $2.00
per acre and ground appHeations fron $2.50 (0 $5.00 pec aere depend-
me pon the acreages involved,

The possibility of redneing red-headed pine sawfly populations
through silvieultmal practices i discussed.  Planting ol susceptible
pines on sites eenlogicnly favorable (o sowily attack should he avoided.
1£ these =pevies nmst be planced on ihese areas. iU is recommended that
ey be kept under surveillanee Tor evidenee of injury.
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