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(~~~~Hf~.m ~~~% GS.tR;j[5E&~.tR 51 *1iJf~?;r ~gJc GS.tR~1iJf~:¥:) 

M. S. McClure 

:t.*!lJfI#ft=f!llfr~ (MatslicocCUS) s<;f!It~~.xE1!t:Ji'::ri~fHB 0 :tE~~...t;fY fl).ts<;f!It~, 't:fn 
1'!91201~±~:Ji'::.&ik1'!90 ft~OOft=f!llfr' [Matsucoccus pini (Green)] $1PJn~;lE1r:jtfl!!,l'!9f1!' 

~, ~$I'!9:Ji'::, ~~t!tft$11l'f~t!t1-tm:ff~~~:¥F (Boratynski, 1952)0 ~1-riiJ~ft/2{ 

?tfl!'~S>t1~!P5't¥JJ~~, E§JIt~iA:;Jg:Ji'::-1-£~l'!9ri#fE§~oBoratynski (952) fMcif 
~~~~WS<;M~, @~:ff§mm:ffS<;#~, WH±~~m~~I'!9~~, ~:ff~-*~ 

fiF* fP :/:t~ rw, xYl~ 0 

~@~*, ft~OO$1~oos<;#~*m~T~=f!llfrm*~I'!9~~~WE~o E*~=f 

!Ilfr[Matsucoccus matsumurae (Kuwana) ]ft ~ 00~:l/f,*Wtl1 s<;!Ji; ft, 1;~ft, 7lil ft$1 ~ft 

(fpj~iJ~, 1976), n:ft=f!lJft(MatsucocCliS resinosae Bean et Godwin):tE~OO*~t$
®:l&/2{H::~OOn:ft3&iPS<;-f!lt~E; (McClure, 1983 a)o E§:;Jgn:ft=f!llfrI'!9~:l/f,'I1:$1~ 11 
:fIMt1tt§(~, 'E~~tfUl~:;Jg13I:lH:~OOs<;f!It~o McClure (1983 b) ffiU9!IJ't::Ji'::~ 1939 ~m 

~tlt:W-tf2ff~at».. E*13I:lH:5'~ OOft~Jj!!f!It~m:¥U~OOI'!9 0 ~ 001'!9 E*ft=f !Ilfr*~iJtt!~ 

-0 1fa<JiJt~»"E*1~AI'!9(McClure,1983 b)o :tk¥il (:tErp,ffl~~) iA:;Jg'EmPJn~,ffi'{r: 

~ 00, /i§:;Jg (1) 't'1'!9~~~*~~Ei:tTili*-ffl-A~00, W~)t£I~jgffllJjffl'ft~E;m.um.@f13Ij@ 

1'!9 0 ff,; lE.31JJff,;7E*JI&131 ~ E*ft'~f!llfrI'!9~~jJo (2) 'Eft~ 001'!9 ~JYl~~'8Li¥J, ~~-fI!' 

131 Aa<J ~ E; ~1t1tt~1: Ef{J 00 ~ 0'~1!t ft)Xl. ~ lK 9.X:-* lK j&:/:t1f:@EY: )il~ E; JfUz j§";f~~ 33m 0 

'E:tEl:f§lBj&1¥ft, :tm*~*~.1<:., )Jfit~:ff)d~B:;W;o (3):tErFOO, E*;ff.I:Mf§fgr& 
:W-i¥J1:~ ••gfiS<;~~1:~lK*,~:tE~OO~E*ZOOiJt&.TW~~ffi*S<;o 

••.xE'EEf{J~.E§W.~~*JI&~~m~*:ff*.Ef{Jo~®1:~@ffl'mh~~~. 

~a<J~~ E*ft=fM";fI! ill --§m~~ft=f!lJft (Matsucoccus insignis Borchsenius), E* 
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~TAA(~OO, S*~~~~~),~OO~TAA~~~TAA--~*~~mnW~-~~ 

W~T.ofi~.~~~~~m$*~~~$~.m*ffff~~%~.3nW~M~, 

M~~*~~~-*~m~o~~m~~~-$*, ~~~~ft~T%~~~~~*~ 

7'~$%~. nW~ *~*m:o 

ft*'~TM~1¥ftJl$ • .m.#fFL~,*~ Doane (966)~5tft~*'~TM~.~o 1983 "F 
~~~.*MM~~OO~S*~TAAJI$ • .m.#mA*o~~~m-.#mA* ••~, 

*ft~l*J~E8 raH!l:1=r T1JJWff~iJ\Hio ~.1fjj*ilt~~~ (983)~m S**'~T$'r~1bJ¥.*,~ 

TAA (Matsucoccus massonianae Young et Hu) JI$• .m.'l1:m,m*:fi!l.~iJilHE'tff1 ••.m. 
~~~~~~#mA*~~*##o&~~~ ••.m.~~~X~~, m~I*J~~~~~ 

?!H~~o 

*Xm~~~~~~TAA••.m.~S*~S*~TM••.m.~T~OO~S*~T~ 

JI$• .m.#mA.~~iJ\Hi~ ••o~OO~S*••.m.~g~~~~*~, S,~S~~ 

~~lPJ#~W:.o 

S**'~TM~1b~*,~TAAJI$ • .m.'l1:m,~,*m*~~~. (983) m~~~1*!&~~i& 

1&, S**,~TAAtELIJ* 1983 "F 5J.l riij!&~, :fb~*,~TAAtEWTtt 1983 "F 2J.l fiij!&~, 1* 
1¥ftB~~l*Jo a**,~TAA'ttm,~,*B~m~ 0.1 ~3t;f§~T 5~JI$-.m.# mA.:It 
(5FE), :fb~*,~TM'l1:m,~,*B~m~ 0.05 ~3t;f§~T 5~JI$ • .m.'l1:m,m*:It(5FE)0 
ttmA.m.NtE~ ••I*J.~~~~s*,.~~~*~moiJ\Him~@102*~. 

M, ~l*Jftm.~m.~~HOOo ~.M ••-m.~, ft.~~mm~~OOiJ\Hi~~ 

~o*~ml~3t~M#.~.;f§~T~E~#mA*m~a~~@IM*~~%~ 

~~~oli.~~~~B~~~E,a~~~MI*J~m~wIom~~~~~~~~m 

m.:tB~~~o~~TAA#mA*@.~~~~*,~m~@IM*~.~~aA~ 

m••$, NaA5~~~JI$• .m.,~24~~EJ&W~.~~*ff.iJ\0iJ\Him.m.* 

§#~, aft~I*J~~oJl$ • .m.~!&~~~~*.m.~~~, ~W:~*~~~~o ••.m. 
~!&~i¥J.Si:~1t~0 1984 "F~1~TAA*~Jif!r.\l:~J*1.¥5:k**1"I~ Saybrook <J\J.l+3 
S~+Im S);fO Litchfield <J\J.l +:li S)o 1984"F S*~ S**'~TM*~Jif!r.\l:~]j(if~ 7:. 
~~iJ\Hi#:%<J\J.l +lm S)o 

iJ\Hi~3#%~*Bo~*~.~~mA*~ft-#~A*;fO~~~~~., iJ\M 
~~~=~, ~~llia-~~~IM*~iJ\~~.~~o~*~~#;f§~., ~Hi~

*~3, ~-ffia~~IM*~~~.~~o~*~.lm~.ffi, ~~Hig~~lm~, 

~~a-~~@IM*~~~~.~~otEa~~~~~E, ~••.m.--aA~.M 

~~~o mT~~TAA••.m..:t~~, ~~~~~m6~••.m.o S*~S*~TAA 

m10 ~••.m.o tEaA~$ •• .m.~:tt 2*fM!E, *~atr.~fM!~~~~~ • .m..o 
~~2*fM!tr.-~,~m~oo*fM!0~Hi~~T~~M ••,~*~• .m.~~~. 

M.~, ~m.T~~~••.m..~~~M~~o 

mailto:a-~~@IM*~~~~.~~otEa~~~~~E
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~~~~: $OO~E*~T~~AA~~~~~~E*~E*~T~~~~~ 

~rt~T~.AA~g&5':iJ~Jil~ -

-~JtHTJ\f!f'iJ.\~, 1±~I@JIH;rf'~T!lJfl"fI&:tt 5 #(~ I g..§.), 1± S*m S*t~T!lJfl"fI& 

;tis flP(~ n~.): 

-iR.llft 1. IttlUPOOB<J a*t~T!lJfl"Jlfjt~.'B.'ttm,~5K 5FE (0.1 ~JT) 5f!lB%ext,lm=mJ~ 

~~Z~m6~h*T!lJfl".d.~fi~o 

~matlJ§] ~ 3& 1 ~ 3& 2 

(:B- ) S*rk'ft't~ Igg;Jt...tt$.'!l.~ 
B:!*~gg;Jt 
.t~.'!l.~ 

S*t'k'ft'til! Igg;Jt.tft.'!l.~ 
B7;%il!~Jt 
...ttlE.'!l.~ 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

6 

6 

6 

6 

6 

5 

5 

6 

5 

5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

2 

4 

4 

5 

4 

3 

3 

4 

5 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

93.3 o 61.6 1.6 

B%t 0.8 

-iR.llft 2. It~ r:a 5 ~ h f'~ T!lJfl"Jifjt~ .'B.~M24/Nt1 B<J ~~~ 5f!l B%ext JffUl!\~}f Z raJ 6!k 
h f'~ T *'t.Rlt.'B. B<J 1i~ 0 
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~EJIJ;jIi§] ~ 11ft 1 ~ ~ 2 

( 5J'-) tI:;f'kHft~~ 

IJtl::tt.!!i.~ 
B~~~Jt 
l::ttE!l.~ 

tI:;f'kflift~~ IJt.l:ttE!l.~ 
B~~~Jt 
.l:tlEE!l.~ 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

4 

4 

3 

4 

4 

3 

3 

3 

2 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4 

5 

5 

6 

4 

5 

5 

5 

4 

5 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

% 53.3 o 80.0 1.6 

B~ 0.8 

~Ufz: 3. tr.tJeXb~;PkFAAJIt/tq)(;!H:~fFL~,*5FE (0.05 ?~Hf-)~B%G»fJfflzrEj?HjUm3 

~(~!Ji I )}k 6 ~(~!Ji 2 )rr*,kFAA.J$(;!H.8"J~T~o 

~ H~ 1 ~ 11ft 2
~.2:EJlJ;jr~ 

l$~;f'.Ff~i$ B%t~~Jt !b~;f'kHft~ c%t~~Jt(:S- ) 
~Jtl::tlE!l.~ ...tttE!l.~ ~Jtl::ttE!l.~ .l:ttE!l.~I I 

2 1 0 0 0 

4 0 0 0 0 

6 1 0 0 0 

8 1 0 1 0 

10 0 0 0 0 

12 0 0 0 0 

14 0 0 Q 0 

16 , 0 0 0 0 

18 0 0 0 1 

20 0 0 1 0 

% 10.0 o 3.3 1.6 

c%t 0.8 
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~~~~: $OO~S*~T~~M~~ffi~~~S*~S*~T~~~OO~ 

gI;f'~TlfvrafiX;~~511J.xJil.~ 

m.!& 4. J;tt€IUP OOtJ{] a*;j;'~TAA.JV(;.!H.'Y.:I:wL\~!':*· 5FE (0.1 ~*) iltt~Jt.. 5 ~tr;j;'~ 

TAAJlIlJV(;.!H.~:i:.t 24 /J\attJ{]iltt~Jt.. 1?J J%'*TAA.JV(;!1J.'Y.:I:wLm~ 5FE (0. 05~*) ~~ 

Jt~B~~~~~Jt~JtZ~6~tr'*TAA~JV(;.!H.tJ{]fi~o 

~iJjatl'a] 

(53'- ) 

':Y< ~ 1 

B*~f~ltr~fAAI~~~f·IB ~ 
~~~L ~~~l ~~~L ~~~L• ~e .~. .~. .~. 

':Y< ~ 2 

B*~f·ltr~f·I~~~f·IB ~ 
~~~.l ~~JtL ~~~L ~~JtL.$. .~. .~. ..~. 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

5 

5 

4 

6 

5 

4 

4 

4 

4 

3 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

C 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

0 

1 

1 

1 

0 

4 

3 

2 

1 

3 

1 

2 

3 

1 

2 

0 

0 

O· 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

73.3 i 10.0 j 0 o J 10.0 I 36.6 1.6 o 

m.~~ 5. lt~9=tOOtJ{] 13 *;j1~Tt'l'.JV(;!1J.'Y.:I:m,~,~ 2.5FE (O.05~*) ~~Jt;fll5!k~ 

*TAA.JV(;.!H.~:i:.t24~~~~JtZ~6~tr*T~.JV(;!1J.tJ{]fi~o 

2 5 

4 2 3 

6 3 

8 1 3 

10 1 3 

12 2 4 

14 1 4 

16 o 5 

18 o 4 

20 o 5 

15.0 65.0 
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i;\!lt 1. tt~ 9=' t!llr.HPIS:*,kTAAJIlIE$;.m:lf£m,~,~ 5FE <0.1 ~3T) ~B~~JmiiHIUtZ. 

1S]Jt.JIO~ S*E8 S**,~.:pAA.$;.!H.E81T:1go 

~EJlltr~ ~ 1lfr 1 ~ 1lfr 2 ~ ~ 3 

(7.J' ) 
~OOff£ I B%ext,Iffi ~oot-¥£ I B%extlffi ~OOff£ I B%'lxtlffi 

2 9 0 7 0 9 0 

4 8 0 8 1 10 0 

6 9 0 6 0 9 1 

8 8 0 7 0 10 0 

10 9 0 9 0 9 0 

12 10 0 7 0 9 0 

'14 10 0 9 0 10 0 

16 9 0 8 0 9 0 

18 7 0 7 0 10 0 

20 7 0 9 I 0 10 0 

% 86,0 o 77.0 ,I 1.0 95.0 1.0 

B%ext,1ffi 0.7 

i;\~~ 2. ttt& S*E8 S **,~.:pAA 5 ~JIlIEJjX;.m.~:t124 /J\EJ;fE8im~Jt ~Jt.J 0.1 ~3TB~~ 

~E8~Jm~~~~~Jt.JB~~~E8~~~~~Jt.JlO~S*E8S**.:pAA.~.!H.~~:1go 
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•••~: $OO~B*~~~.~~~m••~S*~B*~~M~~OO~ 

~It~~~aM~1Jl151.1J~.m~ 

~ml1tfiij ~ H@: 1 ~ H@: 2 ~ H@: 3 

C:h'-) S*1-+ i=lIC~IlBI5f;Cf;t I 15f;C~ S*:f$,,'1,lcttxtJrn! ~c;"r1 "" xt Jffi S*:f$,,'1, cf;tMJ1?, M ,~ 

2 5 0 0 7 0 0 5 0 0 

4 8 0 0 6 1 0 7 0 0 

6 6 0 0 5 0 0 4 0 0 

8 7 0 1 6 0 0 5 0 0 

10 8 0 0 5 0 0 7 0 0 

12 8 0 0 4 0 0 4 0 0 

14 6 0 0 6 0 0 7 0 0 

16 7 0 0 4 0 0 8 0 0 

18 5 0 0 5 0 0 6 0 0 

20 6 0 0 6 0 0 6 1 0 

ii..~ 3. lt~ r:p ~tJ{J 13 '*t,FFMJlf/EP)/;!I1,'l1:m,l~t~ 5FE (0.1 ~7f)bt 2.5FE (0.05 ~ 

7f )i!tlgrejf.. 13 '*tJ{J 13 ,*t,FF%I' Jlf/Ep)/;JB. 5 ~~:CJ: 24 IJ\a1tJ{J~grejfbtBi* 0.1 ~7fxtJmlj 

gre jfm10 ~ 13 '* tJ{J 13 '*t,FF%1'. p)/; JB.tJ{J 11" jg a 

~ml1tfS] ~ 11ft 1 ~ H@: 2 ~ 11ft 3 

C5}) $! r $' f S* Icf;t $!I $1!I1 S* r c;\';t *! I*! Is* f c!1G:f$"" :f$"" i=I ;{tf."" :f$"" i=I ;{tf."" :f$ "" i=I
SFE 2.5FE fF"" xtJffi SFE 2.5FE ;{tf."" xtJffi 5FE 2. 5FE ;{tf."" xt1m 

2 5 2 3 0 4 1 2 0 6 3 1 0 

4 7 1 1 0 6 2 2 0 5 2 3 0 

6 7 2 1 0 5 2 3 0 4 1 2 1 

8 7 1 2 0 6 1 3 0 5. 1 3 0 

10 6 1 2 1 5 2 2 0 4 2 2 1 

12 7 2 1 0 6 1 2 0 5 1 2 1 

14 6 2 2 0 5 2 2 1 4 3 3 0 

16 7 1 2 0 6 1 1 0 5 2 2 0 

18 

1 

6 1 2 0 5 2 2 0 5 1 3 0 

20 7 2 1 0 6 1 3 0 5 1 3 0 
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;flU,*~ I gJi iit~ 1 EJ!,]ga:5f!:, ~~1Itm~EJ!,]:JjHI;j1~:::P!llfl'k$)j)(;.!HJliH?!HI!rfBl 1ft 00EJ!,] a *;j1~:::P 

!llfl'JI$)j)(;.!H:tE{~X~,*1l& 51 0 fmf"-j]5f!j *~~ i:I' (983) ffl 1ft OO/G II'lJ fl!!/REJ!,] E*;j1~T !llfl'iE#pg m 
ftJ:EJ!,]iitHft, MtIl&5IiUJI$)j)(;.m.f.£mJi!,* 5FE ~g~Jt ..tEJ!,]fi$p~.m.~f"-~~ 84% 0 iE ~ I .ill 
iitMin, 1r 77 .5%EJ!,] u;j1~:::p!llfl' t.jE)j)(;.m. Mi Il& 5I¥IJ 1ft 00 EJ!,] E*;j1~ T !llfl' JI$ nx: .m.'!1 m ,~, * 5FE 
.~Jt..toma*EJ!,]a*~:::P!llfl'.EJ!,]iit~~~~II'lJEJ!,]ga:5f!:oiE~I.illiit~l,1rM%EJ!,] 

a *1tqE)j)(;.m.1Bl1l&5Ii1J 1ft 00i¥J ¥f~..to 

19I91r ;}\HffgEJ!,];'!!, a * 1'8 a *;j1~T !llfl't.jEpX;.m.1Bl1l& 51 ¥IJ 1ft 00 ¥f5b..tEJ!,] 1f7t tt. (86 %,~ I 
gJi iit~ 1 ) ~'fMtIl&51 iU a *¥f~..tEJ!,]1f7t tt. (59.7%, ~ I ffl. iit~ 2)0 iE*r~a-xf*EJ!,] 

iitHft~ :5f!:iE.1r II'lJ ¥fEJ!,]'11fl5l 0 u;j1~:::p !llfl'ii{EpX;.m.Mt Il& 51 ¥IJ 1ft 00 EJ!,] a *;j1~T !llfl'JI!1EpX;.m.'l1:m ,~,* 

¥f~1r 77 .5% (~ I gJii:i.\Hft 1), WMtIl&¥IHI;j1~T!llfl'JI$pX;.m.'l1:m,~,*"¥f~{x1r66. 7% (~ 

I gJiiitHft 2)0 £fJj1;E]~tijH~;,!!EETi&jl~m,~,*"EJ!,]7J1!/GII'lJW51J!§EJ!,]0 m5 ~JI$pX;.m. iE 
.g~..ti&J~¥IJEJ!,] m,~,* L;I:/G11J~~ .!=j*~~ i:I'~ (983) m*m EJ!,]'9:{2fi:!&~1!'BJT!&LJ!:~ 

~0£11J~~Iffl.iitHft35f!l~Iffl.iitHft4~Hftl~~~*,~lft1tqE~.m.~'f#pgJl!1E)j)(;.m. 

tt{~,~,*~ ;f~d1EJ!,] ¥f5b.&.~ 1ft oo*m '9:{2fi:!&~1!BJT!&EJ!,] ¥f5bo 1Bl1l&51 :flJIft 00 ¥f ~..tEJ!,]f$ 

.m.~,tt,;,!!$'f*BE1l& 5! ¥IJ a *EJ!,] a *;j1~:::P!llfl' ¥f5bE!X;U;j1~T!llfl'¥f5bEJ!,]1tqE.m.~o iE~ I ffl.iitHft 
5, 1ft00EJ!,]a*~!llfl':::P~)j)(;.m.f.£m~*"L;I:~nx:-~,U~:::P!llfl'JI!1E~.m.f.£m~*L;I:~ 

~/G5t, U;j1~T!llfl'f$nx:.m.MtIl&51 ¥IJ U;j1~T !llfl'~nx:.m.'tE fFL~~¥f5b..tEJ!,] ~{2fi:~*TMtIl& 51 
~UlftooEJ!,] a*;j1~T!llfl'JI!1Enx:.m.'tEm,~,*¥f5bEJ!,]~{2fi:if&:o iE~ I ffl.iitHft 3, a*EJ!,] a*;j1~:::p 

!llfl'fi$)j)(;.m.MiIl&51¥IJ a*'tEm,~,*¥f5b..tEJ!,]~f*j(JL-¥5f!jMiIl&5I¥J12.5FE 1ft 00¥f5b..t EJ!,] 
~f*j(:f§~, WMi~51¥IJ 5FE 1ft 00¥f5b..tI¥J~f*?J&JJW1~*0 ]!* Jm;,!!¥f5btioJrI'8 ftffl 0 
M;'!!iE~ I gJiiitHft 4 ~Hft 2 EJ!,]~ J!VfIl ~..tEJ!,] '1tl5l*/G~3&, *BE1l& 51 iUU;j1~T!l.!fI¥f5bB9 f$ 
.m.?J&(36. 6%)*'fMill& 51 :¥115FE 1ft 00;f:¥5bi¥J141E£I1.lJ& 00.0%)0 ]!.ill!~~~iE£iitHftlE 

1r;lJt#jf1It, 12§ 19 Mi Il& 5rEJ!,] 1tqE .m.,tt, ~ JL-¥;,!! ~ Hft 1 EJ!,] -"*0 :fit ifJM£jf1It J] ~:Bi7C~. 

!fifo 
:fItifJEiZffllb ~;j1~T!llfl'JI!1E~.m.'11: m,~,*EJT1~i¥J ga*, 5fj:(fmf"-?1JIjJ, *~~i:I' (1983)BJT1~EJ!,] 

ga*iE./G;f§ lI'lJo ft!!,1J']i¥Jga** ry:JfJj1rE]iY~ Il& 51jJ~ ~*o *BElb ~;j1~T !lJfi'¥f5b1l& 51 EJ!,] a *;j1~ 

T !llfl'ii{E~.m.~21 %, 1Bl a *;j;'~:::P!lJfi' ;f:¥5biN 5[EJ!,] lb~;j1~T9!fJ1hl1pX;.m.:Bi~~(~50%)0 iE~ 

in ~ iJ\ HftlE, 11t!:b~;j1~:::P !llfl' JI!1Epj{; .m.'11: m,\~J, *Il& 5IEJ!,] u;j1~ T !llfl' 1tqE pX;.m. {X:ff6.7%0 

~1J'Ji¥JiitHftga:5f!:.~fl!!~ry:J: U~T~.~.m.5f!la*EJ!,]a*~T!llfl'.)j)(;.m.M'flftOO 

EJ!,]a*~T!llfl'JI$nx:.m.f.£m~*1r~~i¥J&EiZo a*EJ!,]a*~T!llfl'1r=~~Hft~.&.u~:::p 

!llfl'1r ~~~Hft, Mill& 51 ¥IJIft OOEJ!,] a *;j1~T !llfl"tEm,~,*¥f5b..tEJ!,]1i4E.m.if&:, tt.;fm.1jZ1Jifjj, *~~~ 
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~f~~, $OO~S*~~AA~~2~ffi~~~S*~S*~~~~~~~ 

gItt~AAa~21l&511Jx.!\!~ 

(I983) m1J,j. fIJ ag 13 * :f'kT M*'f J*J m:~~ *~~~ 0 WJ3. 9=t 00 ag S *:f'kTMnLti!, *" ~ fflt~ 

T ~ :f'kT Mt4E Jjj(;.!H. ag ~~ [j], W-Pf;fQ ~ :f'kT MnLti!, ~~ ffltXit T ~ :f'kT Mt4EJjj(;.!H.1f ~;j;F a<J 
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fi~M!J!~OO1f¥.@/G~, ~.*Jjj(;~~~a<J~.0 ~~,a~tE~~~##~j:ffiT~ 
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ATTRACTIVITY OF THE FEMALE SEX PHEROMONE OF CHINESE
 

MATSUCOCCUS MATSUMURAE (KUWANA) TO MALES OF M.
 

MATSUMURAE IN JAPAN AND TO MALES OF M. RESINOSAE
 

BEAN AND GODWIN IN THE UNITED STATES
 

(MARGARODIDAE,COCCOIDEA, HOMOPTERA)
 

Young Bain-ley 
(Shanghai Institute of Entomology, Academia Sinua) 

D. R. Miller 
(Systematu Entomology Laboratory, IlBIIl, Agricultural Research Servue, U. S. Dept. Agm., Beltsville, Maryland, USA.) 

M. S. McClure 
(Con=ticut Agricultural Experiment Station, New Haven, Connecticut, USA) 

The identity of species of the margarodid genus Matsucoccus frequently has been 
confused. In morphologically similar species, differences primarily are quantitative. 
Unfortunately, in Matsucoccus pini (Green) and probably in other species, the over
wintering and summer generations have significantly different numbers and sizes of 
certain taxonomically important structures (Boratynski 1952). This problem only 
rarely has been taken into consideration when attempting to distinguish among Mat
sucoccus species and therefore is believed to be an important confounding factor. The 
most comprehensive study of the genus was undertaken by Boratynski (1952), but 
his study did not include all species and was based principally on information taken 
from published descriptions not on actual observations of a series of specimens. 

In recent years, scientists in China and the United States have become increasingly 
concerned about the damage caused by Matsucoccus species to certain native pines. 
In China Matsucoccus matsumurae (Kuwana) (Japanese pine bast scale) causes signifi
cant damage in large stands of Pinus densiflora, P. massoniana, P. tabulaiformis, and P. thun
bergiana (Young et al. 1976), and in certain areas of the northeastern United States 
Matsucoccus resinosae Bean and Godwin (red pine scale) is a lethal pest of Pinus resinosa 
(McClure 1983a). Because of the destructiveness and slowly expanding distribution of 
Matsucoccus resinosae and some convincing historical evidence, it has been surmised that 
the species was introduced into the United States. The species apparently arrived on 
exotic pines brought to the United States from Japan for the 1939 New York World 
Fair (McClure 1983b). The origin of the Chinese population of M. matsumurae 
also is open to speculation. There is some historical evidence suggesting that the 
species was introduced into China from Japan (McClure 1983b). Indeed, in Japan 
where M. matsumurae apparently is native, the species generally is innocuous, whereas 
in China the species is a serious pest. However, Young (in press) reported that M. 
matsumurae also maybe indigenous to China for the following reasons. (1). He sug
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gested that the pine bast scale has become a pest in China not because of its recent 
introduction, but because of the extensive spray programs used in the forests against the 
pine lappet caterpillar, Dendrolimus spectabilis Butler. The insecticides apparently,.kill
ed natural enemies and allowed M. matsumurae to reach pest status. (2) Discovery of 
the species in China was sporatic and did not occur in an expanding pattern as might 
be expected of an introduced pest. It usually was found in ornamental situations or in 
forests after the general use of insecticides. Young believes that the species was always 
in China but was not collected ~nti1 it caused damage. (3) The pattern of natural 
occurrence of organisms in China, Japan, and Korea is prevalent throughout the 
Asian biota and would not be considered unusual. 

There is considerable interest in ascertaining at least parts of the indigenous area 
of the species so that natural enemies can be located. Basic to discovery of these po
tential biological control agents is a comprehensive understanding of the taxonomic sta
tus of the Matsucoccus matsumurae complex, i.e., M. insignis Borchsenius, M. matsumurae 
(populations from China, Japan, and Korea), M. pini, and M. resinosae. We currently 
are studying three different aspects of the behavior and morphology of some or all 
components of the complex and these results will be published in a series of papers. 

Results of the first study are reported here. The remaining studies examine taxono
mic characters found in sperm morphology and in external morphology of slide
mounted specimens. 

The occurrence of a female sex pheromone was first demonstrated in Matsucoccus 
by Doane (1966) in M. resinosae. In 1983 Qi et aL began research on the female sex 
pheromone of Chinese populations of M. matsumurae. They developed methods for 
collecting the pheromone and performed preliminary behavioral experiments in the 
laboratory and in the field. Young and Qi (1983) collected female sex pheromone of 
M. matsumurae and M. massonianae Young and Bu and tested the responses of males of 
each species to determine the specificity of the pheromones. Although M. massonianae 
males did react to the female pheromone of M. matsumurae, and vice versa, the reaction 
was considerably less than in any of the intraspecific tests. 

The purpose of this paper is to present data on the reaction of adult males of M. 
resinosae in the United States and of adult males of M. matsumurae inJapan to the female 
sex pheromone of Chinese populations of M. matsumurae. A strong reaction by the 
United States and Japanese males would be evidence supporting the hypothesis that all 
three populations are conspecific. 

METHODS 

The female sex pheromone of M. matsumurae and M. massonianae was obtained by 
collecting the gases after they were passed over virgin adult females as described by 
Qi et al. (1983). Specimens used for gathering the pheromones were collected in 
Shandong in May 1983 and in Zhejiang in February 1983, respectively. The phero
mone was in a solution of hexane; for M. matsumurae, 0.1 cc of the hexane solution was 
equal to five female equivalents (5FE) of the pheromone, and for M. massonianae 0.05 cc 
of the hexane solution was equal to 5 FE. The pheromone was transported to the 
United States and mailed to Japan in sealed ampules which were opened just before 
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conducting the experiments. Experiments were carried out in 10 em diameter petri 
dish arenas in a room with overhead, florescent lights. The bottom of each petri dish 
was covered with filter paper and was marked with pencil to indicate the kind of exper
iment being conducted. An equivalent of 5 FE was applied to 1 em filter paper disks 
using disposable tuberculin 1 cc syringes. The 1 em disks were allowed to dry and 
were placed in the arena. Control disks were made using hexane only. Pheromone 
disks of M. resinosae and Japanese M. matsumurae were made by placing a 1 em disk in 
the bottom of a small vial which also contained five virgin adult females. The females 
were left in the vials which were closed with a cotton plug for 24 hours. Control disks 
in experiments with M. resinosae sex pheromone also were treated with hexane; the 
correct control disk should have been a filter paper disk with no solvent. Control 
disks in the tests with intrapopulational female pheromone of Japanese M. matsu
murae used both kinds of disks to determine if the reaction of the males was different to 
either kind of control; fortunately, there was no difference. 

Specimens for the experiments were collected in the field and allowed to emerge 
as adults in the laboratory. Females were isolated as cysts in covered petri dishes and 
were left attached to small pieces of the host. Males were kept in separate dishes as 
cocoons and either were removed from the host or were left attached. Collecting sites 
of M. resinosae in 1984 were Saybrook (August 13 and 14) and Litchfield (August 15), 
Connecticut. Collecting sites for Japanese M. matsumurae in 1984 were in Kamigamo 
Experimental Forest of Kyoto University, Kyoto (August 14). 

The experiments were carried out in three ways. If tests were conducted compar· 
ing two pheromones or a single pheromone against a check, then the arena was divided 
in half and a 1 cm disk was placed in each half of the arena. When tests were con· 
ducted comparing three compounds, the arena was divided into thirds and a 1 em disk 
was placed in each section. When tests were conducted comparing four compounds, 
the arena was divided into four quarters and a 1 em disk was placed in each quadrant. 
Mter the disks were in place, the adult males were introduced into the center of the 
arena one at a time. Because of the small number of M. resinosae males available, only 
six were used for each experiment. Ten males were used in each of the experiments 
with Japanese M. matsumurae. Beginning two minutes after the sixth or tenth male was 
first introduced into the arena, counts were made of the number of males in contact 
with each 1 em disk. Counts were taken every two minutes for 20 minutes. Only the 
bottom half of the petri dish was used for the experiments, and males that climbed on 
the side of the dish were picked up with forceps and were placed in the middle of the 
arena again. 

RESULTS 

The following eight experiments were conducted; five with M. resinosae in the 
United States (Group I) and three with M. matsumurae in Japan (Group II): 

GROUP I: 

Experiment 1. By exammmg the behavior of six adult males of M. resinosae we 
compared a disk containing 5 FE (0.1 cc) of Chinese female sex pheromone of M. 
matsumurae with a disk treated with an equal amount of hexane alone. 

,. 
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Time elapse-d 

in minutes 

Trial 1 Trial 2 

Males on 
M. matsumurae 
disk 

Males on hexane 
disk 

Males on 
M. matsumurae 
disk 

Males on 
hexane disk 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

6 

6 

6 

6 

6 

5 

5 

6 

5 

5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

2 

4 

4 

5 

4 

3 

3 

4 

5 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

93.3 o 61.6 1.6 

Total mean % M. matsumurae 77.5 Hexane 0.8 

Experiment 2. By examining the behavior of six adult males of M. resinosae we com

pared a disk exposed to five virgin adult females of M. resinosae for 24 hours with a disk 

treated with O. I cc of hexane. 

Trial 1 Trial 2 
Time elapsed 

in minutes 
Males on 
M. resinosae 
disk 

Males on hexane 
disk 

Males on 
M. resinosae 
disk 

Males on 
hexane disk 

2 4 0 4 0 

4 4 0 5 1 

6 3 0 5 0 

8 4 a 6 0 

10 4 0 4 0 

12 3 0 5 0 

14 3 0 5 0 

16 3 0 5 0 

18 2 0 4 0 

20 2 0 5 0 

53.3 o 80.0 1.6 

Total mean % M. resinosae 66.7 Hexane 0.8 
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Experiment 3. By examining the behavior of three adult males in trial 1 and six adult 
males in trial 2 of M. resinosae we compared a disk containing 5FE (0.05 cc) offemale 
sex pheromone of M. massonianae with a disk treated with an equal amount of hexane 
alone. 

Trial 1 Trial 2Time elapsed 
Males on Males onMales on hexane I Males onM. masson;anae M. masson;anaein minutes disk h(xane disk disk diskI 

!
1 02 0 0 

0 04 0 0 

016 0 0 

018 1 0 

0 0 010 0 

0 012 00 

0 0 014 0 

0 016 0 0 

018 0 0 1 

020 0 1 0 

% 10.0 o 3.3 1.6 

Total mean % M. massonianae 6.7 Hexane 0.8 

Experiment 4. By examining the behavior of six adult males of M. resinosae we com
ared a disk containing 5 FE (0.1 cc) of Chinese female sex pheromone of M. matsumurae 
with a disk exposed to five virgin adult females of M. resinosae for 24 hours with a disk 
containing 5 FE (0.05 cc) of female sex pheromone of M. massonianae with a disk treated 
with O. 1 cc of hexane. 

Time elapsed 

in minutes 

Trial 1 

Males on i Males onIMales onIMales on 
matsumurae resinosae massonianae hexane 
disk disk disk disk 

Trial 2 

Males onIMales on j Males onI Males OD 
matsumurae resinosae massonianae hexane 
disk disk disk disk 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

5 

5 

4 

6 

5 

4 

4 

4 

4 

3 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

0 

1 

1 

1 

0 

4 

3 
2 

1 

3 

1 

2 

3 

1 

2 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

% 73.3 I 10.0 I o o 10.0 I 36.6 I 1.6 I o 

Total mean % M. matsumurae 41.7 M. resinosae 23.3 M. massonianae 0.8 Hexane 0 
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Experiment 5. By examining the behavior of six adult males of M. resinosae we 
compared a disk with 2.5 FE (0.05 cc) of Chinese female sex pheromone of M. mat
sumurae with a disk exposed to five virgin adult females of M. resinosae for 24 hours. 

Time dapsld in minutes Males on M. matsumurae disk I Mairs on M. resinosae disk 

2 5 

4 2 3 

6 3 

8 3 

10 3 

12 2 4 

14 1 4 

16 o 5 

18 o 4 

20 o 5 

% 15.0 65.0 

GROUP II 

Experiment 1. By examining the behavior of ten adult males of Japanese M. matsu
murae we compared a disk containing 5 FE (0.1 cc) of Chinese female sex pheromone 
of M. matsumurae with a disk treated with an equal amount of hexane alone. 

Time elapsed Trial 1 Trial 2 Trial 3 

in minutes Chinese I Hexane Chinese I Hexane Chinese I Hexane 

-
2 9 0 7 0 9 0 

4 8 0 8 1 10 0 

6 9 0 6 0 9 1 

8 8 0 7 0 10 0 

10 9 0 9 0 9 0 

12 10 0 7 0 9 0 

14 10 0 9 0 10 0 

16 9 0 8 0 9 0 

18 7 0 7 0 10 0 

20 7 0 9 0 10 0 

% 86.0 o 77.0 1.0 95.0 1.0 

Total mean % Chinese 86.0 Hexane 0.7 
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Experiment 2. By examining the behavior of ten adult males ofJapanese M. matsu

murae we compared a disk exposed to 5 virgin adult females ofJapanese M. matsumurae 

for 24 hours with a disk treated with 0.1 cc of hexane, with a disk treated with nothing. 

Time elapsed 

in minutes 

Trial 1 I Trial 2 Trial 3 

Japanese( Hexane f NothinglJapanesel Hexane INothing Japanese! Hexane INothing 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

5 

8 

6 

7 

8 

8 

6 

7 

5 

6 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

7 

6 

5 

6 

5 

4 

6 

4 

5 

6 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5 

7 

4 

5 

7 

4 

7 

8 

6 

6 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

% 66 o 54 o 59 o 

Total mean % Japanese 59.7 Hexane 0.7 Nothing 0.3 

Experiment 3. By examining the behavor of ten adult males of Japanese M. matsu

murae we compared a disk containing 5 FE (0. I cc) and one containing 2.5 FE (0.05 

cc) of Chinese female sex pheromone of M. matsumurae, with a disk exposed to five vir

gin females of Japanese M. matsumurae for 24 hours with a disk treated with 0.1 cc of 

hexane. 

Tim{ Trial 1 Trial 2 Trial 3 

elapsed in Chinese Chinese Chinese 
Japanese Hexaneminutes 

12. 5FE5FE 
Japanese Hexane 

12•5FE5FE 
Japanese Hexane 

1.2·5FE5FE 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

5 

7 

7 

7 

6 

7 

6 

7 

6 

7 

2 

1 

2 

1 

1 

2 

2 

1 

1 

2 

3 

1 

1 

2 

2 

1 

2 

2 

2 

1 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

4 

6 

5 

6 

5 

6 

5 

6 

5 

6 

1 

2 

2 

1 

2 

1 

2 

1 

2 

1 

2 

2 

3 

3 

2 

2 

2 

1 

2 

3 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

6 

5 

4 

5 

4 

5 

4 

5 

5 

5 

3 

2 

1 

1 

2 

1 

3 

2 

1 

1 

1 

3 

2 

3 

2 

2 

3 

2 

3 

3 

0 

0 

1 

0 
1 
1 

0 

0 

0 

0 

% I 65.01 15.01 17.0 I 1.0 I 54.0/ 15.01 22.0 I 1.0 I 48.01 17.01 24.0 I 3.0 

Total mean % Chinese 5FE 55.7 Chinese 2.5FE 15.7 Japanese 21.0 Hexane 1. 7 
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DISCUSSION 

Based on the results of experiment 1 (Group I), it is quite clear that adult males of 
M. resinosae are strongly attracted to the adult female sex pheromone of Chinese popu
lations of M. matsumurae. In similar experiments with conspecific populations of 
Chinese M. matsumurae, Young and Qi (1983) were able to attract an average of 84 % 
of the adult males to filter paper disks containing 5 FE of female sex pheromone of 
M. matmm:.lrae. In Experiment 1 (Group I), 77.5 % of the males of M. resinosae were 
attracted to filter paper disks containing 5 FE of female sex pheromone of M. matsumurae 
from China. Experiments performed with Japanese populations provided similar 
results. In Experiment 1 (Group II), 86 % of the adult males of Japanese M. 
matsumurae were attracted to the sex pheromone of the Chinese adult females of M. 
matsumurae. 

It is interesting to note that a higher percentage of males ofJapanese M. matsumurae 
were attracted to the Chinese female pheromone (86 %) (Experiment 1, Group II) 
than were attracted to the female pheromone of Japanese M. matsumurae (59.7 %) (Ex
periment 2, Group II). Similar results were found in the Connecticut experiments 
where 77 . 5 % (Experiment l, Group I) of the males of M. resinosae were attracted to the 
Chinese female pheromone and only 66.7 % (Experiments 2, Group I) of the males 
were attracted to the female pheromone of M. resinosae. This phenomenon probably 
is a reflection of the lack of comparability of the methods of collecting the pheromone. 
There is no reason to expect that the quantity of pheromone deposited by five virgin 
females over a 24 hour period will be the same as that collected by the "aeration" me
thod of Qi et al. (1983). This premise is supported by the results of Experiments 3 
(Group II) and 4 (Trial l) (Group I) where males were exposed simultaneously to 
pheromone from intrapopulational females and to Chinese pheromone. More adult 
males were attracted to the Chinese M. matsumurae disks than to either the Japanese 
Ai. matsumurae or to the M. resinosae disks. In Experiment 5 (Group I), the quantity 
of Chinese female sex pheromone of M. matsumurae was reduced by half while the 
qualltity of M. resinosae pheromone was kept constant. At these concentrations the 
M. resinosae female pheromone was more attractive to males of M. resinosae than was the 
Chinese M. matsumurae pheromone. In Experiment 3 (Group II), males of Japanese 
populations were found to be approximately equally attracted to disks containing 
pheromone of adult females from Japan and to disks containing 2.5 FE of Chinese 
ph~romone; whereas, they were considerably more attracted to disks containing 5 FE 
of Chinese pheromone. These data suggest that there is a concentration effect. How
ever, the results of Experiment 4 (Trial 2) (Group I) are inconsistent with these findings 
since more males were attracted to the M. resinosae disk (36.6 %) than to the disk that 
contained 5 FE of Chinese M. matsumurae (10.0%). It is obvious that something dif
ferent occurred during this trial, since total male attraction was approximately half of 
Trial 1. Unfortunately, we do not have an explanation for this inconsistency. 
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It also is of interest to note that our results with the adult female pheromone 
of M. massonianae are quite different from the findings ofYoung and Qi (1983). Their 
results showed a considerable amount of interspecific attractiveness. They found 
that about 21 % of the adult males of M. matsumurae were attracted to female phero
mone of M. massonianae. An even higher percentage of attraction was found between 
adult males of M. massonianae and female pheromone of M. matsumurae (about 50%). 
In our experiments only 6.7 %of the adult males of M. resinosae were attracted to female 
pheromone of M. massonianae. 

CONCLUSION 

The results of our experiments clearly demonstrate that adult males of M. resinosae 

and ofJapanese M. matsumurae are strongly attracted to the sex pherumone of adult fe
males of Chinese populations of M. matsumurae. In two trials Japanese M. matsumurae 

males and in one trial M. resinosae males showed a stronger attraction to the female phe
romone of M. matsumurae than did any of the conspecific males tested by Young and 
Qi (1983). Furthermore, the Chinese pheromone seemed to be as attractive to males 
of lvI. resinosae as the female pheromone of M. resinosae. The results of this research 
provide evidence that M. resinosae may be a junior synonym of M. matsumurae. 

However, there are several potential complications that need to be considered 
before a decision can be made concerning this synonymy. (1) It is possible that 
closely related species may have identical sex pheromones. Cross attraction among 
different species is known in other insect groups (Inscoe 1982), particularly the Lepidop
tera, and has been demonstrated here and in the experiments by Young and Q} in 
Matsucoccus. The only research that has deciphered the chemical structure of the phe
romones of two closely related scale-insect species involved Aonidiella aurantii (Maskell) 
(Roelofs et al. 1977) and A. atrina (Coquillett) (Gieselmann et al. 1979). Results of 
this research demonstrated that these virtually identical species have pheromones that 
are strikingly different. A study by Rotundo and Tremblay (1975) examined the spe
cificity of the pheromones of the nearly morphologically identical mealybugs Planococcus 

citri (Risso) and P. ficus (Signoret), but they did not investigate the chemical structure 
of the pheromones. Their bioassays demonstrated a high degree of pheromone spe
cificity. (2) The experimental design of our tests may have been set up in such a 
way that certain behavioral requisites were prohibited causing our conclusions to be 
misleading. Therefore, we believe that it is essential for us also to gather information 
from other data sources before reaching a conclusion about synonymy within this group. 
We currently are conducting research on the taxonomic characters of the sperm and 01 
the external morphology of the first instars, cysts, adult females, and adult males. 



20 

ACKNOWLEDGMENTS 

We are extremely grateful to Dr. John F. Anderson, Chief Entomologist, Con
necticut Agricultural Experiment Station, New Haven, Connecticut, USA, for provid
ing us with facilities and assistance during our (Young and Miller) stay at the Experi
ment Station. We also are thankful to Ms. Patricia Trzcinski for locating heavy in
festations of M. resinosae in the field and for helping us with the tedious task of isolating 
enough males and females for the pheromone experiments. 

We are grateful to Dr. John A. Davidson, Department of Entomology, University 
of Maryland, College Park, Maryland, USA, Mr. Seung-Chan Park, Forest Research 
Institute, Seoul, Korea, Dr. Manya B. Stoetzel and Dr. Michael E. Schauff, 
Systematic Entomology Laboratory, Agricultural Research Service, U. S. Dept. 
Agric., Beltsville, Maryland, USA for their comments and criticisms of this manuscript. 
We appreciate the time and effort that they spent to help improve this research. 


