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Hemocyte types: their strucfures,
synonymies, interrelationships, and
taxonomic significance
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\('l"ilo*'lťdynlťnls

{.1. lntrrxluction

l l c r t r x r t l r , , l . r r t l l r t ' 1 r r l t  ' r l t r l  ' r ' r c L ' t l  r r t l r l r  i l r r l t t r ' l r r r t (  q r ( r l l l ) \  l l i l \ ( '

i ; : . : : ; ; " . ; t . . . í i . . ' .  ( i ,p t t '  l ( )71)) .  ' \ r r r r r l rg  r r t l l r r rp rx l s .  th t ' l  l ta r t ' l x ' t . t t

r r r r r s t  t ' r t t ' l t s i r t '11  s t r t t l i t r l  i t r  i " se t t ' '  l i ' i l t^r td  l r1  t rus t r t t ' t t t s -  r r r i t t l r -

,, i. ir. ,,,r.r nr'ri ir lxxlr. l lt,rr*x.rtt,s ol r ti,* rnrlclr. ' l*rrlrrs,.ls' lrt 't '

lx't 'rr rlescribcd. lt is ,t,,t s"'pritirtg' thctt'trrc' tl '"1ll. l:..: '1.::l l ir a rcli-

, it i. '. .,,, i i".tt, . ltssificrtirnt irl varitnrs ltt 'utotytt' tvpes ltrs lreen li ' lt

rtt,,rt' kt't 'ttl1 lrr ittst't t tttttt"tttlt l i ' i '  t l"ur l 'v tltt '*' of olltt 'r rrtltnrlxrtl

*,.,.,,,. ' r..,....,..u.' lr '. r gl'trr'rt|l1 irrr,1il ir l l lr. lrcnrrx.1.tt't-|irssiÍit' lt itttl itt

irtst'cts, l lasctl lrrrgcly on nroqr'lrokrgi<nl tlttrtcteristics' rtow exists'

llenttx-vtt' clirssifications f"tii'"rt ?tt**t-tttrtl othu artlrropods htvc'

1,".',. 
"a1i111tslr' lr i.,.. l 

u.' u.uq,l '.,1,,g1, |irltcti lnts, atttl staitrirrg or hisk>

chetrricrrl rt' irctirrtrs .,Í t."', ',"1t.'.. Ťlirrs, it i, ntrt rtnusual.to ffn<| the

sirtltt ' ltt 'nrrx.1'tr' l\ lx. .Í lts , ' lrr.x's l i lnlr* l,eing rťl.eÍred k' l)y diíl.eTťtlt

:,1'11:i';;'i;il'il1't'p"a" uy ailTerent iruth.rs - a situati'n thtt has

inevitalrl'v resrr[t'(l in il Culusí;;'nnss of tentrinologi...":]::::'""".l''

ilil.iliil.ň tliÍficult trr ".,ňo.. 
hetnm.ytes rlf otte species with

ii* .,i 
".t'"... 

rhis has paňicuíar|y hinderetl any phylogenetic con.

sitlerotion of the evolutitlr oí.henrtryte types in vari(Ils arthrrrpod

".*il"'.jlrJony.ů.ph.ra. 

či*"'lv' th.* is.a need for a'unifom

il;l;ri" classification for.insects as well as other arthropod groups'

The insect hemm.yte ",*.,n..ii,rn 
,t n, is generally used^has evolved

over m()re than half a centrr|'. Aclrlnling t" Mill-a (1947)' Cuénot

řias6il".iň.nnt t,, c|a.,ifv insect hem(re}tes ','t" f-oy1r otegories

ffi1il;;.;;i;iio*.a i. tr'ii "li"ípi!v 
Hállgnde (1909, l9lI) and

iiňl. ivlggiŇ;ih tr$e) .u;-"'i'.ďmost of th.e earlier clssiffca.

ilil";;JT.;*"i"a n 'tt'Jn'"ti"n that was widelv accpted' He

modiffed it latťÍ (wiggles*"ii'' lss,l. on the Arcrien side,

ll?l':. tisni);,,.i .íÁ"r"i"á."án,idenbl. interest in the study of

hemm'y,tes. Jones t ts6zl ."'i"eJ;d great|y imprcved Yeageťs clessi.

fic:rtion.
ln order to tdopt a unibrm henrx'yte classification for-discussing

#;Jň: ;;jiň!i' pt'y..i.,t"*i""t significance in various insects, it is

..'.].'i"^i ,,r-rt,,,ttt'lugi^ tt'ttTint'lt'ji"' t*td by different ir.thors on

tlrt' l l irst.s lrí <ll 'scri1rtitlrs' .,,,,. i^].ia.i i 'n.ti.urs' Iint' tlrit lr ' ings' irrrtl trri.
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(  r i l 1 l r . r l ) l r \  ( ) l  I r (  n r { \  \ t (  .  \ t r r ( l i (  ( l  I ' r  t l r o s r '  . l t r l l r ( ' r \ .  . \  . r r r r r r r r . r r r  o l  t l I
\ (  \  r ' r  n l . u n  l r r ' r r r , x  r  l l  l \  l n  .  t i r  \ . t r  i ( ) l \  r r r r t , t  t  r r r t l t  r  s  i s  l r r c r c r r t t  r l  i r r

l , r l r l ,  l  I  l  l r l  t l r r c c  t l t r r t s  t t r l i t . t ( r ' t l  l r r  t l r t  t r r l r l t  
' '  

I i x r l t r o l c  r r r . t r .  r r o l

r r . , r l l r r  t l r r ' ( ) r i ( i r r i t l i l r l l r ( ) r \ . l r t r t l r . r r c l r l t ' r t i u L t p t t ' < l l r  r r t r . r r l i t r r t r r r -

t i t t i z i t t (  r r t i { t t r a I  t l t ' ' t  r i 1 r l i r r t t '  . r l t l |  í i g t t r t , s '  l I t ' t t t r r t ' r t t ' :  ( ' f , t ( ' g ( ) I i Z ( . ( |  i l \

. r r r r r x  l r o t r t t  r  . r r r , l . , r  l l l r . r r l , r  r l r ' .  l r r  t l r c  o r i q i r r r l  i u r t l r ( ) l \  l l l \ ( ' l x ' ( ' n  i l \ -
' i { r r t  r l  r r r r r t l r  l o  t l r t '  r ' r r t l g o r r  ( ) l  l ) l i r \ r r i r t o ( \ t ( .  ( l ' 1 , ) .  r l t l r o r r { l r  t l r t ' r

t , ' r r l r l  l x ' i r r . l r r r l t r l  i r r  q n i r r r r l o t r t t ' t ( l l l ) .  s p l t c r r r l o < r t r ' ( S l ) ) .  i r r r r l t r r r i r l i -
p o l r t t t t r x  r  t t ,  t . \ l ) t .  i r r r s r r r r r t  l r  i r r  t l t t ' : t  l a s t  t l r r c c  l i r r t l s  n l s o  i t r ( '  \ l l l ) l x ) 5 -

t t l l r  p l t r r { r r t  r  t i t  i r r  r t r t . r r r r  i r r r c r { r .

{.2. \tairr hsnroc!te tvpes

- l  
l r (  r (  i \  ( l i \ . r ( r ( \ ' i l 1 (  i l t  . r i l r r ) i l (  i r r s t ' t t  l r e r t r a t o l og i s t s  a l x r r r t  t l t t '  r r r r r r r l r c r

( ) l  l i ( t t ) ( x \ t (  t r 1 x . s i r r r l r r i o u : i r r s t ' t { s .  l - r r r r t o n ( ' ( ) r I l i ' \ \ ' t ( ) t s l l ) i l r v n s

n i n ( ' ( ) r  n r ( ) r ( . t r p t ' s  l r a r c  l r c t ' u  r l t s r , r i l r e r l .  p a r t i ( 1 l l i l r l \  I r r  l i g h t  r r r i c r o s -

t r 4 l l '  L . I t r t s t r t r t ' t t l r t I l \ '  I r ( | \ \ ' ( ' \ ( ' r .  ( ) t ) l \  sť t c t l  t 11 l e s  h r r ' t ' s ( )  l . t t  l )ť ( ' t I

i< l t ' r r t i f i t r l  i t r  r a r i r l l s  i l t s t ' l . l s : 1 r r r l h t ' r I t t ) c \ . tť  ( PR ) ,  p I a s r r r a t r l c 1 ' t t ' ( P L ) ,
q r l l t t t I t x . r t t . ( ( i l l ) ' : 1 l I t t ' r r r I r r c ' r t ( ' ( SP ) '  t ( l i p ( ) hť t t t t r c l . t e  ( A l ) ) .  r l c t t r l c r ' -

k r i d  (O ! l ) .  i u r ( l  ( ( ) i r g r t l ( ) ( t t ( ' ( ( lO ) .  O l  t l r e s e  s e v t ' r r , . ' \ l )  h r s  l r t ' e r r  r e -

1 l r l r t t '< l  t t t t i r  I l r  l ) t ' l a u t ' l t t . | | t ' 1 l 97 l )  and  CO  l l 1 ' ( ) o í f i n e t  a t t t l  ( ) r t l g r l i r t '

t I 9 i 5 )  a r r t l  Ra t t ' l i í l i . r r r t l  P r i c e  i l 9 7 . | ) .  P r x l t 11 ' t t '  ( I ' ( ) )  an t l  \ ' ťn r r i ( ' t ' t ( '

{\,E) harr.rtt l t  l l t ' t ' t t  rr '<rlgtr izt '<l ts ( l ist iI lct t}. lx 's i|r ( ' leťtl()| l  l rI iťr().

s<l l1l i t 'strtr l i t .s str í i tr '  pr i trtrr i lv l rt 'c irttse rtItrastrttctttr l l l r ' t l re1' i r1r1rcirr

s i ttr i l i rr  ttt  Pl ,s 1l)t ' r ' t trchcl le, l97l) '  Á gt 'ner ir l  ( lescr i l)t i( ' l  <t l ' r 'ar i t lus

Irt ' rnrr l  tt '  tr 'pes, birse<l rnr bot lr l ight rrrr l  e lectrr lr  nr icroscopic shr<l i t 's.

t l rt ' i r  s lnornrnit 's,  arr<l i rrterrt ' lat ionshiyrs is prcsentet l  belorv. I nrrrst
t ' l trplr i rs ize t lrat alt l rough I rrnl incltrt l i l rg P0 arr<l \ 'E in the íl l| l t l rv i l rg
dt 'scňptitrn'  I <lt l  nr l t  rt .garcl  thenl i ls (I ist inet t1,pes. Ftrrthenrt l l re, I l l t ' -

l i ( ' \  ť thnt dt 'st ' r i1 lt i t l t  (}f. .nť\r ' , '  hentlr1'tc tr,pt 's '  l lase<l on supelffc i t|

<l iss inr i lar i t ics. shrnrkl l re avoidet l  (st 'e also Chaptcrs t l ,  l0).

4,2,1. ? rohe moc gt e (PR)

Structure

PRs nrr. snrall nrunrl, ovul, or cll iptical cells with vrri irble sizcs (6-
l0 pm rvide anrl 6-l-l 1rnr lotrg). The plasnra menrl)rane is generally
snrxrth (Fig.' l.L{), lnrt ma-v show vesiculation (Fig.4.34). The nrr-
cleus is lrrge, centrall)- lrreated, trn<l almost fi l l ing the cell; nuclear
size is virňable (3.6-12 rrm) irr vari<rtls insects; severa| nttclei lnd nrt.
cleoli ma.v be present. A thin oÍ dense, homogeneous alrd intensť|!'
basophil ic layer of cytoplasm sunounds the nucleus, the nucleocytrr
plasmic Btio being 0.5-1.9 or more. The cytoplasm mav contain gnn-
ules, clroplets, or vacuoles (Fig.4.&{).

The laminar nahrre of the plasma lnd nrrclear membrtnes inav not

! ) 0  \  1 '  ( . r r l , / ' ,

l t  r  r  r r l t  r r l  l  l r  r  r l , ' 1 r l . r r r r r  l ,  r ' ,  r . , l l r  r  r i r r t , L i r r s  . r  l o u  t  o n c l r r t t . r l r u r r  u l
c r r , l , r l r l . r . r r r r r  r r , l i t  r r l r r r r r  l l l l t .  r r r i t o r  l r o r r r l r t r r .  . u r r l  ( i o l , , { i  l r r r l i c r .  l l o t -
l r r , r .  l r l t  r i l r o r o r r r , s .  r , t r r f l r  l r r r l , r D l r r . r r i (  r ( . l i (  r l l u l  t l l l , l l l ) .  r r r r t  c r t  r r
r r u l r r t l r o r r r l r i . r  r r . r \  l r (  r r r r (  r ( ) u . .  ( l , r r t r i o l t ' s  -  r r r r l i r r r t i r r {  t l r t . r r r i l o t i t
r r . r t r r r r  , r l  l ' l l .  . r r r , l  r r r i r r , ' l r r l ' r r l r ' .  l r . r r t  l r r ' r ' r r  o l x l r r r . r l  i r r  t l r c  t r t o -

l ) l . r \ t t l .
I ' l l \  . l r (  ( (  r ( ' r i l l l r  l i r r r r r r l  i r r  ( r r ) r l ) i  l r ( l  r r l l p ,  r r r  r r r r l i . t r r r g r r i s l r r r l r l c

I t r r t t r  r o r t t r {  o r  r r r r . r l l  l ) [ . r .  l  l r t  r  t r t . r r  l r c  t r t r t r t l t r t t t . .  t r r r t .  r ' t  i r l r r t  t t t .  t l t  -

l x r t t l r r r r l r t r r l l r t r L r r ' l o l r r r r l r r t ' r l  . r r r r l  p l r r . i o l o t i t , L ]  r t i i l c o l  t l r c i r r r t t l a t
t l r l  t \ r r r l  o l  o l r r c r r . t t i o t r .  l ) l l s  , r r t  ' t  l t l , r t t t  s t  c t r  i t r  r  i r r r .

Svrrorry nries
l  l r l  t t  r r r r  t l r i r l  l r i r s r rn  i r  t r l  l o  r l i r t t  r r  i l l r  l i t t l r .  o r  r ro  < l r l r { r '  t r r r t  t .  r r .

i l l r r 1 l t i l r r r  I r r  l l l l | | i r r r l I r '  ( l 9 l  | )  i .  . . 1 l r r t l t ' t t t r x ' t ' t t ' ' ' .  \ ' r ' a g t ' r  ( l í } l 5 )  r r . t . t I
l l l t ' t t ' r t t t  . .1 r r , l I t , t t t r l t . r t r l i t l . . i I t | ( l  

J l ) | l ( ' \  i I l ) ( l ' l . t l I l ) ( . I  i  lÍ )í l )  . .1 r r r l l r t . r r r r r t '1 '

t r l i t l . . '  l  l l r ' I i t ' l  t '  . \ r l t r r I t |  1  l ! )52)  r r  as  t I t r '  í i r s t  t r l  t t s t '  t l t t .  l t . r t t t  
. .1 l r l r l t l e t t I r r '

t . r t t ' ' . . ( ) t I t r ' r  \ \ t | ( ) t | \ | | | \  t i l r  l ) l l  i r r t ' . . | | l i l ( ' I (n l l ! ( ' l ( ' t ' ( ' \ t t ' ' '  t I , r r i | | rÍ '  lÍ) |Í)) :
" l i r r t t r r t i r  l  r r ' l l "  t \ l i i l l c r .  l ! ) !5) r  " i t ' r r r rc  u l r r l r r r l r " '  ( l l r r r r r t z .  l (X) l l ) ;
' ' \ ln ( ! r l l r - ( ( ) r l ( ) l r r  

< l r ror r r r4 l l r i l i c  l ' l l "  ( \ ' r .agt . r ,  l9{5) ;  ' . i t . r r l t .  l r . r r<r r
t . rk ' ' .  1 \ l i l Ia r l r '  lÍ l |7) ;  . .p las r r la t r r t ' l h . I i kc  

t r ' | | ' '  ( l ( , t | ( . s '  l 959) ;  . . } ( ) l | | |g

l ) | i l s t t | i l t ( ' ( . \ t ( ' ' '  i ( i t r1 l t l r  a r t< l  S t r t l l r ' r l a r r t l .  l . ( ř i 6 l  ( ] r r l l t t '  lÍJ69) :  . . \ t ) l l I lg

granr r lo ty t t " ' (F r r r rqo i s .  197{) ;  a r r r l  "p ro l t . r r c r t r t r " ' ( r r r i r r r r  a r r thors) .

Intenelationship with other types
Tl;t' urntrrrvr.rsirl rlrrcstions olit 'rr raist'd r('gilr(l ing l)Rs rrt.: ( l) art.

tltt ' ' , t lrt. stcnt cl 'Ils that trartsÍilrttr itttl l <ltltr'r ItcItrtx'r.tes.l tn<l (2) iÍ.the1'
i lr,. ' ' irrt't ltt 'r tlre trrit itr l)()st('Ilr|)ry()|ric s(}r!r(.(.()í lr(' l l l()c\.tt's? AIth<lrglr
tht.rt' irrt' sttl lstirttti irtitrg r(' l)()rts tlri l l PRs tl l l tralrsíilrnI itrt() irt |(' irst t
Ít' lr,tlt lrt 'r ht'trrtr1'tc t1'1res, er' idt't lce on their lX'ing tlrt 'ttriri lr 1xrstt'ttt-
l ln'tlt ic stlttrce is itrctrttcltrsi l 'e. Tlrt'temr..1lrttlrt 'ttr()ť!,t(' ' ' suggests tlrtt
tlrcst. ct' l ls givc rise to other t)pes, l lrt it lrrs rrot )et lx'en (l('ri lor)-
strirtt'<l t'trrrc|rtsir.el-v- that al| henrtx.1'te b.pťs nre tlerir'e<| Írour PRs.
'I.ht'nrost generall1,accťpte(l r,ieu,is that PRs trirnsÍbntl intrr PLs
(Yt'agt'r, 1945; Amrld, 1952, 1970, 1974; Jones, 195.1, 1956, 1959; Shri-
\'ilstilvir an(l Richartls, 1965; \titsuhashi, 1966: Wille arrcl Vccchi,
196{i; Beaulaton, l96tl; Devauchelle, 1971; lai-Fook, 1973; Bearrlaton
and \tonpelssirr, 1976, 1977). Sevenl authors have suggested that
PRs transform into other t1'pes as well (Muttkowski, l92l; Bogojav-
lensk1,, l9l32; Yeager, 1945; Án'y irn<l Lhoste' l{X6; Ashhurst anrl
Richanls, 196{). .{mold (1952) state<i that "haenrocytes, with the tms-
sibk' t,xception of the ()errocl'toi<ls, apparentll' devek4r originally
lionr a ctxlrnr<lr strrtrce, the pÍohaem(X'ytes''' brtt has trow chirnged his
rnin<I. Wille and Yccchi (1966), houever, suggested that PR can give
Íis(. to ()E. Anx)|(| ( l97())' i l l)iplo1ltcru punt|ilta. state(l th{t PRs {rť
Iikr.Ir'stt'nr <'r'Ils l irr Pl,s. (]Rs. trrtl SPs. lrut the t|irt't 't itrrr rrl.tl iíIi 'r<'rrtit.

5 l r l t . í t t r r '  ( ! n t l  t ( \ I , , I oD l i | .  s i gn i J i c un t ' t

Fi3. 4.2. A. Ocrtrx.!"k'id of L. ,niptutorio, shwing cltoplasmic fflammts. l. Oeuxl
k)id ofP' í''ťri.ttnd' cil' x 6.8{n. c. Adirxrhernrx.1tc rrfP. antr'ricanz n1mph'
c{. x 7'225- D. (i'ilgu|lx'\lť ('fť|,itouto ťilú'rťa' ('-a- x 6'tt(n. E. Prxlrx1{t'ofP
ilDú'ri(ilna n}nph. C:r. x ;.!25. F. \i,mli(vtť ot P. nn,riruna. (,'a. x l.lg).
Cr l s t in ,  l975:  C  f ronr  ( ] l rp ta  ln t |  s ' ' thťÍ|a i l ( | .  I !x i6 :  D 'F  l i onr  ( iuota .  |969)

Fi& {.l. A. Pn)h'.m'x'{e of PPrir,|an"to omeň(lna' cil' x tj.{Xn. B. Pl$mtm/te ď
l''' ilnť.dŮnn Ca' ' l0.fin. C. Spherukx1{e of \al|'lnú,lil ťin|,ftil' c{- x s'íb. D'
( . r . l n | | l ( n t 1 ť . i l í l x ] t 1 l u n | i ý Í i l k ' ň i l  E . S p h e n r | r r e r t t r r f š ' t h u ' r e u . C a .  x 2 5 ' m ' ( c
'u l |  E  l r rn  ( ;upta  and suthťr|a i ld '  1967;  D fÍ lnn 'c (^t in .  t975)

S l , t r .  l r r t  r t  t r t l  t  r r  t r t t r r t t r t i r '  r i g r r t f r r r r r r r r



( ) i  \  l '  ( , 1 1 1 , 1 , 1

I t r r t r  t s  r l t l l r r r r r r r . r l  , , r r l r .  1 r ,  r l r . r p ,  i r r  l l r r . l r r . r r r r r p o i l l r r  l r : s r r r , .  \ r . r r { r . r
l ! l l r - ) r . u r r l  I ' r r r r . : ,  l ! ) . - r 1 /  r r  l r o r l c r l  t l r . r t  l ' [ l s  r ; r r r  q i r  l  r r s l  t l  S l , s . r r r r l  \ l ) s

l ) r , r . r r r l l r l l l c  r  l ! ) i l  r  r l t r r r t c r l  l l r r r t  l ) l l s .  l , l . \ . 0 l . t \ .  r r r r , l . \ l ) ,  i r r ( . ( t ( . r i \ ( , ( l
I t r r r r  r ' . r . l r ' t l r . r .  l . r . i r r q ' i s  t l l ) i l r  l i r r r r r r l  t l r i r t  I ) l l s  t . r r r r l i r r r r r  i r r t .  G l . l r .
l l ,  ,  r ' r r l l r .  S o l r i  L  l f ) 7  |  t  r r r r l i t . r t c t i  l r r  , r r l r c . r l t r r r i r r q  t l r : r t  l ) l l r  ; r r c  t r r l  s t , r -
r r r i r r . r l  r . r ' l l '  l r r r r r  r r l r i t  l r  r r l l r t  r  t . r r t r , [ o r i t , .  r l t , r r , l r , 1 t .  r r l t i l r .  A r r r o l r l  ; r r r r l
\ o l r i  i l 1 ) i l r  r r r t l r r i r t c r l  t r r o  r r , l l  l i r r c s  i r r  s r r l r c r r l t r r x ,  S o r r r l  a r r t l r o r r
r ( ' L l 1 l t . t  . r t r i l  S r r t I r l ' r | . r l r r | .  l ! X ) í i :  l l . ) l l | | ! i | | | l |  ( ' t  t l ] ' .  l l x . i l i ;  A L . r i .  | ! X i l ) l
( , r r p t r r .  l ! ) 6 9 r  Z l  l r i r r r  r r r r r l  I l o l l i r r a r r r r ,  1 9 7 : l )  r l i t l  r l ) t  r ( , ( t ) g r r i z ( ,  t l r t . t . r t s _
l l r r t t  o l  i ) l l s  ( \ (  (  . r l \ o  O l r r r p t c r r  2 .  l l ) .

\ .  I  . t , r t t . t l  c i r r ] i t  r .  t l r t , (  \  i ( l (  n ( 1 , ( ) r r  \ \ ' l r ( , t l r ( . r  I , l l r  r r r r r s t i t r r t c  t l t t , r r r i r r r r
p r r r t (  r r l ) r \ o r i (  \ r ) u r ( . (  ( ) l  l r ( , l n ( ) ( . \ t t , s  i s  i r r t r r r t t . l r r s i r t . _ ' l ' l r l t c  i s  g r r r r v r r r g
(  \ i ( l ( . r ! ( (  t l r r t  I ) l l s  r t ' s i t l t ' i r r  l l r t  l r < , r r r o l t o i c t i r . o r g l n s  ( l l o l l i r r a r r r r  c t  a l . .
l l X i l J r  A r r r o l r l .  l ! ) i 0 r . \ k r r i  i ! r ( l  S i r l ( ) .  l g i t l ;  Z a< . l r a r r  i u r t l  l l o l l i r r r r r r r ,
l ! ) 7 ] } :  I . . I i r t I q ( ) | \ .  l 1 ) 7 . 1 :  I t i r r L r  r t l r l  A r t r r l I t | .  l Í ) 77 )  r r r< l  t l i l l i . r t , t l t i i t r t .  t t t r r r
r l t l t t ' t l t t . t t t t r t ' r t t . t r 1 x , s ' Í I l l í l i t t l t t l t t ( l l X i 7 ) ' ; \ r r r r l I t l i | 9 ? ' 1 ) . i r r r t l l l t , a t t I a t r l t r

: u x l  \ l o r r p t r s s i r r  t l t ) ? 6 1  s t a t t r l  t l r r t  l , l l s  i r r ( , g { . n n i n i l  r . r . l l r .  ! l , r r l i c r
t  l ( i 7 1 ) ) .  , \ r r r . l r l  s t r r t t . r l  t h i r t  l ) l i s  i t 1 r p t , . r  i r r  t h t ,  l r t , r r r . l r  r r r ph  ( ) r r l '  i ' r ( , ' r ! t t -
t t ' I t t I l  a t t t I  t t l i t ' t l  i r t  g t t l t 1 l s '  s t t gg l ' s t i r t . ( ) l  t l r ( , i r  r ( ' l ( ' i t s ( ' Í i r t t t t  I l t . t r t l r 1 r r l t .
( . t i ( t i s s ' ( . \ f i l l <  i r r r < l \ i . c ( . h i ( l g t i { i ) r t , p . r t t , t l t h a t l ) R s i r r t . a l r r r r r r l i r r r t i r r
t r t ' r r  I r  t ' r n c r g t '< l  l r t ' t ' s .  l l r t  r i r r t .  i r r  o l r l  o r r t , s .  ( i r r l r t i r  a r r r l  S r r t l r t , r l a r r< l
{ l ! } f Á )  r t ' 1 l r l r t< ' t l  i I l  i I l ( . r ( ' i l s ( ' i r r  I , I . s '  ( ) l l s .  S l ) s '  a r I< l  ( ] ( ) t  (=  ( ] \ ' \ )  i l l
I \ , r i p íun t I l  | ! | i t ( r i ( ' i l , t t l  l i l I l r l r r  i I r g  t I ( ' l t l } | ( l r t  r r  i t l r  s r r l l I t . t l t i t |  ( l ( ) \ ( , \  ( t I
t  l r k l x l a r r r . .

1.2,2. P I usnu ! < x.t1t e lP L)

Strucfure

I t [ , s  i r r t ' . r r r r l l  t o  l r r r l l t , .  l t o l r r r r r r r l t l r i t . r r , l l s  r v i l l r  r r r r i i r l , i t , r i z t , s  ( ] l . l l  5
/ rÍ I l  \ \ ' i ( l ( ' a t | ( |  3 ' ] l _ . 1 ( )  p I l I  l ( ' I g ) . . I . l r t . 1 l l i t s t t r a  t t | ( . t l I l ) I . t I |ť  | | | i \ ' I I i l \ ( , t t I l -
C r op i r p i l l a e .  f i l o l t r x l i a ,  o r  o t hť r  i r r c g r r l t r  l ) r o ( , ( , s s ( , s .  a s  t v r , l l  a s  l t i r r o r , r
t ( ) t i ( '  ( ) r  \ ' ( ' s i ( . l I l { r  i n \ ' og i t ) i r t i ( ' | | \  ( i . i Í . s .  . l '  I t l :  . í ' 3R ' ( ] ) '  . l ' h c  

t t . . . I t ] t , ,  , , ' u '
l r t '  rorrnr l  or t , longirte rn(l  is g(,n(,ral l t  e(,ntral lv Ioc,att.r l .  It  nrar lx. l r i_
l r i r t l t F i g . { . i X  t . r a n  i n s t z r r t } - g p r r r r r i r k , i r r r r l  { - l 0 p r r  l ( ) r r g ,  j r r \ . r r i -
(nls iItsť('ts '  attt l  appt 'ar pun('t i t t( ' .  Scirttert ' t l  <'hrt l tttat i tt  Ir l i lsscs n|i l\ ' lx '
p r t ' s c r r t  r l o ng  r r  i t h  t l r t ,  r r r r c l t ' o l  u s  (  F - i g .  { . : } ( :  ) .  (  ) t .< . i r s  i o r r i r l  l r  ,  I  r i  r  r r r r . l c i r t c
PLs rt la1 l l t '  Í' l l rr ,<l '

. fht '  
Irrt l i r t i tr  tt i rtrtrc tí.t l rt '  1 lIasnt l  iu<l tI l l ( . l( ' i l I  nl(.t|) l)r iu)( 's t|| i l \ '  ( ' I

rDa t  no t  l ) e  r i s i l t l e .  l ' h e  c l t o l t l a sn r  i s  g t , r r e r r t l y  i l l ) un ( l i u t t  a t r ( l  l r r i r \ . 1 ) ( ,
qrurrr lar or agrlnrr lar; i t  i r  l ras<4lhi l ic arr<l r ich irr organel les. ( icrr-
t ' ra l l r ' ,  thert '  is ut l l<levelr4rccl  ant l  cxterrs ivt,  RER (Fig. - l . . lg ),  which
nla\ forrn great lr distcrr<ler l  c isterrrtt ,  or a \.rcuol{r svstt,rn. O<llgi
l lot l ies (= <l i t . tr ' r lsrtntt 's = gtrIgit ,stnrt.r rrr intt.maI rt.t i t ' t tÍrr lqtpari l trts)
(F- ig '  { 'd ' l)  trtr( l  IVs()s()tnťs (ttteltr l l r i rne- lxttttttk<l '  t ' Iet ' tr<rrr-<lense
l r r x l i t ' s .  ( ) ' l _ I ' l ] ( )  pn l  i n  s i z ( ' )  n l { \ ' l ) e  nu l nť ro l t s ;  I t , s< r s t nn t . s  c an  l l t .

F iÍ . .Í .3 '  A '  | ' r . , |Í ' l i l ( { \ t (  ' i  r I !h , | tnr i l  g t \sqp i l , I lo '  C i l '  \  | t '7H) '  B .  P l . r snra t r t . r rc
' i l l ' ť l l \ \ l l l ' l ( I I i l '  s h . ' u l t t l r r r r r n 4 r . 1 r r | | . l . ' ( ] . r  t t t . 9 5 ( l  C ' P | . r s l r r . l . l l t r ' ' ' f ( ; / r d i l . ' t .
r i i , r , r r f t \ .  \ h , ^ ! r n s  r r r r . n , p . r p r i l . r . a r x l  l , r b a t . . u r . l r . r r .  ,  6 . S ; 0  ( A  a r r r l  B  t r m  R a i ' a ,
l 9 ? 6 :  C  l r , " I  ( ; r ' t l i ' x . r . " x t  ( ; , . . r , i l , . . .  M , 5 '

5 l r  t r .  l t t r r '  í | | t { l  l d \ . l | . '

r r r  t l r r r s t ' a t t i r l r l r l  t , r  l t t i t r o r o t t t t .  o r  l l l ' l l l  r r l i l r  l x  l t t l r l t r t  l t r l l ' l ( \ l ' )

l ) l r s t t l i (  t ! t i (  r ( t t l l l t l l l (  \  t t ( '  l ) r ( ' \ ( ' l l t .  \ ( ) l l l ( ' l i r l l ( ' \  l l l r i l t l { t 1 l  t t t  l r t t t t t l l t  '

( ! ' i | I . - 1 . . L \ . ( l ) .

l r l , s  i r ^ . g r . r r 1 1 1 l l r  . r l r r r r r r l a r r l  i l 1 ( l  i 1  \ o 1 t (  1 t \ ( . ( , 1 \  t l i l \  l x  i r r r l i . t r l r

q r r i s l t a l r l t '  l i o r r r  I ' l l r  r r r , l  ( i l l t  S l r '  r ' t l  t r ; x  t  l t r l ^ t  ' r l i c t r  t l t c  t t ' t r r r t

f i r r r r l  l i r r r r t s )  o l  l ' l , s  l t i t r t '  l t ' r ' t t  t l t ' . r  " i l x ' r l  o r t  t l t c  l r i t r c r  ' l  l l t t  t t  r t z r ' '

r n ( l  s l t i l l x ' \ .

Syrronymies

l . . , t ( r . r  a t t < |  \ t t t t t r t l l t  l I $ l | )  í i n t  i r r t r , x l t t < r . t l  l l t t .  t r . t l t t  
. . l t | . l \ I l | . I l ( ) '

( . t t ( , . ' .  s ( ! | l ( '  ( ) l . t l l ( '  ( 1 n | | | l | ( ' | | | \ .  | | s ( , ( |  \ \  l | ( ' t | } | | l \  r r í ' l , l ,  i r r r .  
. . l r ' t r r ' r x  

l  t r '

( K r l l I t l t a r t '  I 9 ( } l . i ;  \ l t ' t i r I r r i k r l r .  l í x } l i ) ;  
. . l l I i ( . r ( ) t I l | ( ' l t ' r r t . r t l . ' '  ( l , a i | | r r l .  | 1 ) | ! ) t .

" l ) l r n g ( [ t t ( ' , ' " t t t t t x ' l t r x l t r ' ,  r t t t l l ' l t t l t p l t r x r t t " ' ( t t t i t r l r . l t t l l t r r r r ) . ' p r r

, 1 , * 1 k , ' ' { l ) " , r , r r ' l r t ' l l c ,  l 9 7 l ) ;  a r t < l  
' r l r t t t i { i r r t t t  

< r ' l l  ( l , t ' i t  r r r r r l  ( l i l l x ' r t '

| 9 (Í i :  I ) r . r a r r ch t ' I l r ' ,  I í ) 7 l ) .  t , l , l  r l s r r  i l r t . I t t t l r , t I r l ' . . l a t t t t . | | l x  r t l . ' '  t ' l  t r ' t t t r .

i r r r t l r o r r  a r r t l  t l t t '  " t t t ' l t t a t o t r  k " '  o l  R i z k i  (  19 . 1 ) ) .

Intene|otíonship with otheÍ types
' l . l r t ' f i r s t  

rť i l I  l )ť ( ) | ) | ( , l I t  1 ) | | ( , ( . I t ( 1 ) l t l I t ( ' r s  r l i t l l  l ) l , s  i s  l l r i t t  r r I  t I i s l i t t '

( t I i s h i I l g  t l t t ' r r r .  1 l a r t i t . r r I r r l 1  t l t t '  s r l t . a I l t . t l  } ( ) t I t t g  l ) l , 5 '  l ř r r r r r  t I l . '  l , l l ' '

T l r i s  s i t t t a t i o t t  i s  l i r r t h t ' r  ( 1 ) r r l l ) l i (  t t ( { l  l r y  t h t '  p r c s t ' t t c r '  ( ) l  l r t i r t l \  t r ' r t r \ i -

t i r l l t |  Í r l r n t s  I x . t r v t ' t ' t t  t h r ' s l .  t r r r l  t r ' 1 l r . s '  
' l ' l t r .  ( l i 5 t i t | ( ' t i ( ) | |  l x , t l l ' t . t ' t r  | , I l r

i l t | ( |  P l . s  i 5  g ( ' | | ( . r i l | l } - l l a s r r l . l t t  t l l l ' r t . I iú i r r ' t ' t ' | |  i t t t t I  t t l t t . I t ' a r  r i u r . r '  i t r .

t c r t s i t l  o l  c l ' t o p l r l s l t t i c  I t i s ( t l ) l l i l i i l '  l t t d  I l t t ' r ' r t t ' t t l  a t t< l  r l t ' r c L4 r t l r c t r t  o l

thr. i r i trtct ' l l rr lar orgatrt ' l l t ' r '
. l . I t t '  

r 1 t t t . s t i t l t  t l r a t  i s  r l í i r ' r r  r a i s t ' t l  r t ' g a r t I i t r g  l } l . s  i s  u  l t t . t l r r ' r  t l r r ' r  . t r l '

t h r ,  l r r i r n a r l  < r ' l I s  t l r r t  g i r ' r '  r i s r ' t r l  l l t l l t ' r  í i l n t t r  I r l ,  s t t r t t t t l t n  l t ' a t t r l r r r t r t l t -

t i r r r . ' l ' r r l r t r ( 1 9 : 1 5 ) t h i r r r u l t l r a l a t l t t x ' l x x r t t ' s i =  t t l r t r t l t  l ) l ' r ) ' r t t t t l t t r i l

t l t r o r r t , r i r l t i l s  ( :  l ' t i s ) ,  a r c  t h t '  l r a s i<  t r p t ' s  ( i r l p t l  r t t r l  S t r t l t c r l ' t t t r l

( l í X j 6 ) r u r r l ( i r r 1 l t a ( t Í ř i 9 ) s r r 1 l l x ) r t ( . ( | ' l - i l \ | ( ) r . \ t . I r i t t t n t t t l t r r t l s i t I l ' r r . t I  I ' l l .

t 5  } ( t r | t I g  l ) l , s .  l ) i r r t . t  t r l t r s l i r r t t t l l i l n t  r t l . l ' l , s  i l r t l l  ( i l l s  ( ) . r . ag r ' r .  | í } l . . r :

J . l i t ' s ,  l 9 . 56 ;  ( l r r 1 r t i t  t r r l I  S r r t l r r , r I a l r t l  l 9 66 ;  l l r í l i r l a r r r r ,  l í ] f i 7 ;  I ) r ' l . r r r -

. ' l * ' | | " .  l 9 7 I .  l } r ' i t r r l iú . , t r  i r t t t |  \ l t l t t 1 r r . 1 ' s s i t t '  l 9 77 ) ,  S l ' s  ( l ) r , r r r r r . l r t ' | | . ' .

l 9 7 l r  l J r c t t g t r o r t  a r r r l  l , r ' l ] , ' r r r ' . 1 9 7 6 ;  l l t ' a r r l a k l r  i t t r r l  \ l o t t p t r t ' l t t '

l 9 77 ) '  A l ) s  i i ' t ' r r t l l . r ,  l $ {5 ;  S l l r i r i l s l i t r ' a  n t l ( l  l l i ( . l I l Í ( | \ ,  l ! X i 5 ;  ( ) r r 1Ía  i r l r r I

S r r t h t ' r I a r r t l '  l 9 6Í i ;  I l a i r r a '  l 9 7 t i ) .  ( ] ( ) s  { ( i t t ; r t l  a t t l I  S r r i l r r ' r l l r t l< l .  | ( X i í i :

| ) c r t t r r ' | r t ' l I r ' '  l í ) 7 | ) '  ( ) l i s  ( ( i r r 1 l t r t  i t t r t I  S r l t l r r . r I a t t< | '  l 1 ) f ř i ;  l I r l l l i r r . r r r r r .

l ! X i 7 :  l | r ' a r r I a | r l t l  l t t t l l  \ Í t l l t 1 l r ' 1 s s i t t .  l 9 77 ) '  \ ' | ] r  ( - l . r t z t . t  t t t t |  \ l i t t r i r . r .

l 9 59 l  ( ) r r t l r a  a r r t l  S r r t l r r ' r | r r l< I .  | 96É i ;  I r ' i r  a r r r l  ( i i I l x ' r t '  l ÍX í j l  l ) r ' r : r r r .

t ' l r . ' I l r . .  l Í ř I ;  } . r i r t t 1 r l i s .  | 97 . | '  l 9 75 ) '  a l r r l  l , ( ) s  ( ( ) r r l l t a  r t l r l  S t t t l t t ' r | . l t r r | .

l 9 66 ;  \ t 1 l 1 l i '  l Í ) ? ( ) l  I ) t . r i t r r t ' I r< . | | t ' ,  I l ) 7 l :  l . . r a r r r , r r i s '  l 9 7 { ,  | ! ) 7 í )  l r l s  | " ' . ' l r

r t 1 x , r t r . l .  í l t t t  t t r l t  r t l l t r t a t t l i a t t '< | .  l ) l ' r a r I< ' l r r ' | | r .  {  l Í ) 7 |  l  r . r l r r s i t I t . r r l l  \  l . ] s

n r x l l ' ( ) s r r l l r a ' t r u t t t r r r l l r r i t t l i l i t r t o l ' l , s  l l r i r l i l i r l l r r ' l ) l ' u l t i r ' l r t r i r r r '

l i r n t t s  i r t t o  o t l r l r  t r  p t  r  i r  i t t< l i t  r r t l  r t  a l s o  l r r  l l r c  r ' ' r r t l s p ' r l r r l i t r q  l l t t r r ' ' r r r '

o l l ) 1 , ' i r r r l  i r r t r r ' . t r l r , l  o t l t c t t r l x : i t r ( l i l l i f ( t r l i , l l  l r t r r r r r r t c r r r r r r r l \  I r ) l

! l:)

9.1  , \ .  l ' .  ( ; ( , ) I i l

i r l< ' r r t iÍ i t , r I  l r r  t l t t .1 r r r , . t ' t t t . t , i r r  t l r t , ru  r tťtht 'Í( ' i ( . t i ( 'n  l ) r (X l l l ( . t s  r l | ' t l r r . l r1 -

. i , . , i ' i ' . .  ' ' ' . . ' r . ' '  . " , ' ' , ' . . ' ' .  i t<. i t l  1 l l t t l s1 l l l i t tus t '  n | | ( l  th i iu l I inť 1r1 ' r l rphr l s -

, , i , . t . * . , . t . l , . , t t , ' . l t i i : l ) . i r r , , l  u , t i  t ' l i t ' i t a s s r t t i a t c t l  r v i t h t l r t ' R H R o r t l r t '

1 " i , , f , 1 . , , , . . r , , , , .  1 1 r r ' ( i . l g i l r x l i t ' s p r t x l t t t t ' t l r c c l e c t r o t t - d t ' t t s t g r a t t -

r r l cs  lg t ' r r t : r ' i r l l r  O .5  pr r r  i t r  t l i i t rnc t t ' r )  t l t i r t  o l t t 'o l r scncs  i r t  t l t t '  P l ' s  \ l i -

. ' ; ; , . . , ; . , .  a r r t l  <. i s t t ' r t r . r t .  r r l . t l r c  l . ]R  (= . . t , rg i r s t t r l l l as t t | ( ' ' '  ( ' l . l . rťt | ( . I l  { l l .

i t r , r r . t  , t t , t ,  l x '  p r t ' s t ' l t t  t ' r c t '  r i l x l r t t t t r t ' s  ( l l r t l yso l t t t ' s  o r  pr t l r  r i l x t ro tncs)

Fll |í. lL P|emrlocyte oÍ lÍldo|mtlu *Iolontňa'. rhwinÍ Colri-((';) rnd infuÍř

o|Ámic nr<raůo|a (ň). x l',6fl). L Pofrion o| pl$makt}tť ol r' Eo,zup|(Ilu'

;*rffim:#*nn:ml..;.,""."Jilll]iff ';.i.'"ři'i*ill
ilffáífrň"rlíri'r. r}l. c* ' ,r{.lm. ir n.intenrr.trt frrln t)r.vuucltr.llr.. |9?l: B

t--ňJÁ-rezo. c *iŘÍpreted fu'm (:r'm\t.il'ť ťt n|'. 196;'
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,  r . r r rp l t . .  r r r  / ' r r l / r ' r i i r i .  r r  l r t , r r  l ) l , s  l a l l  i r r  r r r r r r r l t t , r .  \ l ) l t ( ' r ( ) r ( l (x . \  t ( , \
l  ' \ l ) s )  i t t t . r t ' r s t ' ( \ . ( 'ng( ' t .  l tA5) l  i r r  I )n ts t t1 i l t i l u , t ( , /d ' l ( ,11í\ l ( ' , . .  \ r ' l | ( , | |
l ) (  ) \  l | | ( .Í( ' l l \ ( ' .  l , l , s  < l t ' t ' r r ' l t s t '  t  l l i zk  i .  l 1 ř i2 ) l  t r r<|  i l t  / , '  l t l r , r i r r t l to .  r r  i t I t i t t  . |
I r r  o l  r r r r t t ' r r r r . r l  l r c r r ro r r l ragr ' .  OI l s  i r r t  r c rs t , ,  u . l r i l l  I ) l , s  t l t  t  r c t s r '  (p t  r s .
, r l r . r . r r  .  t .

I t  l r . r r  . r l s r l  I t r ' t ' t t  s t tggt ' s t t ' l l  1 ( ) r l1 r ta  a r r t l  S t r t l t t , r Ia l r< l ,  |íX ř i ;  \Ír l r t r r '
l | )7 l :  S r l r l r r r t ' r '  l 972;  l ' r i t r ' { | l ( |  l l tú( ' I i l l i , '  l 97{ l  }J r 'a t r Iak l r r  i t t | ( l  \ l ( , l | .
1 x ' r s s l r r  l ! ) 7 í i )  t l t r t  i t t s l ' r . t s  l t l t l t ' t r l t I r  t l t t t . I t r s i t . t r ' I r r ' t t í . l t t ' t l t l x ' r ' t t ' a t t r I
t l t . t l  t l t t ' t ' . r t t t t t t r l t t I r  r l< l rgr t i z t . l l  t r1x ' s  t t í . I t t . t t t<t t ' l t r ' s  i t r t '  t r t t . r t ' l 1 ,d iÍ} i ' r .
t ' r t t  1 l l t l s i r l l r rg i t . t I  tn l t r i l i . s ta t i r r l r s  t lÍ . t l t t ' s i t t t t r ' t r1 r t . ,  t l t ' 1 l t ' l t<| i t tg  ru l  t l t t '
p l t r  r io log ic r l  r r c r .< ls  o l  th r .  ins( . ( . t  r t  t l i l l i ' r c l t  t i rn r , s ,  A l t l ro t r (h  t l r c  P l ,
l ta .  l x ' t ' t r  r r 'g t r t | t ' t |  t s  t l t t .1 r r i t t ta r r  tv I )e  i | |  i t r5( 'ťts .  a  s t t r r ' t , r  r r l . t l t t , l r t ' .
t ) l ( ) ( \ | ( ' t \ lX ' s  i l t  r l th t ' r  i rň l t r r l1 r rx I  gr ln I I )s  r t . r , t ' t l s  t l l a t  t l r r . ( ]R '  r l r l t  th r '
I '1 , .  i r  t l r r .  l r i r r i t , t r tx '  ( ( ) r rp ta .  l t )79)  ( r t ' r ' r l so  O l rapt r . r  l l ) .

4.2.3. (Jrcnulrx yte (CR)

Structure
(ll ls art. srrrrl l to largt', sphcrit.ul or oval q.l ls (!' igs. {.1/); ,{..14,/lr

"l.f i; l. l] ) lr ' ith \ {rial)l(, sizťs 1 l ()-.l l ' pnl lrltg lrntl { -l}2 plrr wi<lr', rnre|1'
largcr).1'hr' pllsrua nrtrnlrrtrrr(' ruat or rrra! rrot lrtvr. nrir.rr4lHll i l lm., ffl-
<t1xxlia' trr rltht'r irregttltr I)r()(.('ssťs. The nttt'|t'tts ntay' lx. rt.Iatívt.Iy
snrall (rrrrrplrcd u'ith that in the PL), fl)un(l ()r (,1(nrgal(., trrtl is gcrr-
crallr cerrtrirl lv ltraterl. Nuclear sizt is vrriablt' (2-tl prrr knrg rnrl 2-7
ur t t  rv i tk ' ) .

The Iatttintr nahlre oí.the p|irsnta and nrtcleirr trrt.trtlrratrťs n|ay |)()t
lx' r' isible. The cytopllsnr is charucteristicall l. granrrlar (Figs. 4.lD;
{.ýl'}J; .l.6{). Severa| types ()f l lreml)Íalre-lx)utl(l('(l granulťs h[vc
lreen <lescribe<f in the GRs of variorrs insects (Figs. 4.M,8:4.7A1:;
4.ti{'B). Recent|y, GoÍffnet and Grégoirc (1975) surnmarize(l and syrr.
(nr)]Dized vaňous ty?es of gBtrules inttr three categori(.s, Irased on
their obsen'ations in Corausius morosus. The following summar), and
st'rron!'my of gnnules are based on these and other works:

l. Stntctrrrelcss' e|ectron<lense Branu|es: = unstruch|Ťed inc|r|sions (type
l) of Baeruald and Boush (1970)l melmosomeJike granules of Hagopian
(1971); opa<yue body of Moran (ly/l); type 2 lxxlies of Schaner (1972);
an<l electrcndense gmules of Raina (lS/6) and others

2. Stnrctureless, thinly gmulu bodies: = tpe 3 of Schaner (1972); and
e|e(tron-|u@nt Frnules of Raina (lyí6)

3. Structurcd gmulgs; = "globules" or "granules multibullaires" of Beau-
laton (l968); ..pains denses stnrcfures'' in the AD ofDevauche||e (lť/l};
ud landureau md Grellet (|ýíí); ..@rpus ffbri|laires'' of Hof&nann et
al. (1968, 1970); cylinder ioclusions (type 2), regulu-prcled inclusions
(Rpe 3), and inclusims with budlile units (type 4) of Baevald and
Boush (1970)r "Gnnrrla mit tubularer Binnerrstnrthrr" of Stang-Voss

S l t r r r ' í t l r l ,  u  n< l  l  u  l t  nu  l n  i c  r i gn i f  r . a l r r ,

Fiú {.l. A. cnnÚlcyte oÍu. ó10|6rlÚ.N - nrc|ar. x 6'il} l Goulocye ď
Thenobh dwtlca. x 9',.m. (A @tic.y ď Dr. G. Deurdrc|lc; | ůoo Fmco.r'
1975)

ř-

\ l n t r ' l r r r r ' t t t t r l r i y t , i 1 1 1 , 1 1 1 , ,

Fiú l.6. A. Gnnukxýe o{ P. anuricana' shoving stn|ct|ln.d (s) aild unstn'(tuÍť(|
(us) gnnu|es' ce. x l6'un. B. R)Řion ofgnnu|e.},te oÍ lzueophata rnarlrrat' show.
inÍ dťriť|til)n |)|.stn|chlK| (= p]ťtnť|anosome.|ilr') grann|c (r) ti"rn <i'|gi 1i;r, .t^rc.
rUn. lťÍ\.ř  ||n\ ln|ctrtfta| (= n|(. la|| in.I i lť) graru|e ( lr).  and intÍi lcvbpl{smic tnicrohF
l)n|ťs (m). x 3.ilX). (A rt'intt.4lrctct| fronr Éaerudj airl n"*r.. i.giri'r i.il'i.;qff.a
fÍom ttaloDia||. l97l)

j
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I

i
I

I
I
I

l
I

I

*uř.*.

- _ l

Fi!' |.7. A. Stru<{ured gmute frm penul.ocyte ďL r.d'ru' rlŇ|ť hn.| Úl.
cmfubu|es. x 4o'0m. l. An eÚ|ier stege of &ve|opmt ď lntem| a|oobulel
x í).om. c. s<.tion of a sfu(fuFd gnnule showing (renHc .'Er.mít ď lF
tťm{| ni(.řlň|l)ulťs' x 3E'm. (A-c from Hsgopien' lc7l)
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I

Fi!. ..8. A. sť({ion of stn|chlrťd cranuk. of{ (rilnu|(x'vtt' oÍ l'' natltruc, shtluing ar.
rungťmťilt of mi(Íoh|bu|es alxlrt 25 nnr in diAmck'r' x 63'0(n. B. lIigh|v ma'riliíiť(|
v iťs '  o l  m ic roh|b l | | ( ' s  o f  s t rucured s ranu|er '  Nok '  r r r i c ro .mi t ' ro t r rbu|e i  (5  nnr  in  < l ianr
e tťr ,  anow) * ' i th in  mi (  Íotu lN|ťs an( l  l i n l i t ing  n|ťf i lb rnnt  ( l r r )  r r f  g ranuIe '  r  2{0 ' (XX) '
(A  and B Í io l r  l |agr4 l i ln '  i97 l )
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I ' r , 1 ,  i , , , , ] , , , , . . , , , ,  i , L ,  : r . r r , r l , . , . r  l l . r r , , r r r . r r ,  l , r ; 1 .  t r r , , r l , , , , r ,
r , r , : : , :  ,  t ,  t (  I l  r  \ 1 , , r . o ,  I ( l i l ,  l \ t !  L ) l  \ (  l r . r | , . r  l ( [ j  , , r r r l
! , 1 , 1 '  ,  .  . . \ , 1 ,  , ,  L i  ,  r  , l , , , l . r r  , r r r r , t r r r ,  , , t  l . l . r r ,  l r l h  , r r r r l  I , r r i r  l r t ,  I

l  l r r  I r  r . . : l ] l  ' ) l  l l I l  ( l | . I l l I l  t ( ' t . . l  I l r r , r t l r r t ' t t t r r . I r ' \ \  t . l Í . | | l l | | t . \  r i l t t t . s  l t r l t t r
{ l  I 5  t r )  j  A l r , ) r  l r l r l  l r  \ , l n o l l \  r r r s r . r l : .  s l r i l t , t l r . r t  o l  t h r . \ t t l ( . l u r ( , ( l
( r . r l r l r ' \  \ . l i (  \  l r o r r r  ( l  - r  

t o  !  i r r r r  
' l l r t , r l r i r p r . l l  

t l r r , { r i . l l t l ( , \ . t i r \  r ) ( ,
' l l l r c r t t r r l .  { ) r , ) r ( l  {  l ( ) r { r r t r ' .  ( ' l  t r r ( l . l 1 l . t r l \  l r r l r g 6 r r . r l  l } ' i { \ .  L . . r l . B .
l ' í i \ . l J '  l ; / ]  ( . .  l ' h . \ l '  ' l . l l r , t l t . r t t t t . l . ' l  

l ) l  l l l ( . l | | i ( ' r l ) t l | | ) l | | t ' r  r r t t I t i r t  t I t t ,
s l r r t c l r r r t r l  { l . t u u l (  \  \ . r r i ( , \  l r ( ) l r  l 5  l o - \ O  r r r r r )  i r i  r . t r i o r r r  i l t s ( , ( . t \ .  l l l t ( , r -
t t i l l l \ .  t l . (  n l r (  r l r t l l l t l (  \  r l . r r  . l r o r r  r r r i r  r t r - r r r i c r o l r r l l r r l ( , \  i l l n ) u t  i  l t l  n t  ( l t -
. t t t t t ' t r ' t  1 l I . i q r r 1 l i l r l r .  I l ) i l r  t } i ! . '  l  5 / l l . \ L l r i  . | l l ( l  s { t ( '  1 l Í ) 7 ] } )  a I r r r  l l a l t ,
r I r . t r  r i I l t . r l  . . s r t l l l r r t i t s  

r r l  í i l l r i ] r . .  r r r  t I t r . i r  ' r l t ' a I l t r l  s t . r . r t . t r r r t  r  t ' s i t ' I t ' r .
l l r c r r r r r r r l r r . r o l r r r i c r u l r r l l u l t , r l x , r { r i r r n r l ( , r r . r \ \ i l r \ l i o r r r g t o l J { ) . t . r o r r r
t l r r . , r r  o r r r l r  l r r r r r  i t l r r l  l r r  l l l g o p i i r r r  r  l l ) 7 1  ) .  S t . l r a r r c r  t  l 9 7 2 ) .  A k a i  a r r r l
S i r to  t  I t )7 . ) ) .  i l r ( l  l , ' t i r r (1 , i \  (  lg75) .  i t  u l r l x . i r r s  t l ra t  t l r r ,  g r l r r r r l t , s  i r r c
r k  r i r c r l  l r o r r r  t l r r '  ( l o l g i  l x x l i l s  ( l i g .  { . f i g ) ,  t h e  r n i < . r o h r l r r r l c s  r l r , _
r r ' I r 1 1 r i r t g  r l r r r i r r g  t l r r ' | . t t t ' r  s t a g t , s  r t í  t t t r l r 1 l l r l l g t , n t ' s i s .  I t  i s  t r l t t . t ' i l t l l I t '
l l t i t l  l l r t  r tn t r ' l r r l , l r , r r .  r ' k . t , t ro r r -< l ( , t r s ( ,g r i lnu l ( . \  r ( ,1) r ( , s ( .n t  th t . f i r r r l
r l l tg r ' l r l  t I l ' r l ' I r t1 r t t t t ' t l l  l t í  | l t r ' s t 'g r{ l l l | | ( ' s  i r l  l l ' h i t . l r  th t ' ' s tn rc t r r r t< l  r ta tur t '
l r r . r r r r rcs  o l r l i t r . r i r t r . r l .  S r r l r l l os l r l l r ,  t l r c  g rar r r r l t , s  t r c  t , r . c r rhra l l t  r r ,_
l r ' , s r r l  i r r to  l l r r '  l r .n ro l r rngr l t .  l l i sk r l r c r r r i ca l  a r ra l r . r i s  s l rou .s  th . t  r r r , , r t
. l  l l r r ,g r i r r r r rL . s  t r r r r t i r i r r  r r r l l i r t . t l .  l ) ( . r i (x l r t ( , - r ( ,{ ( , t i ' r , s i . l ' rn r r r . i r r  a l r r l
o t l r r . r  g l r r r rpnr l r . i r \  o r  n( , l r t r{ l  r r r r r r r r l> , r l l sacc l r i t r i c l t , s  (F rango is ,  lg7{ ,
|Í|75;  ( ] r l s t i r r .  l975) .  ( )<r . t s i l r r l i r I l r ,  I ip i t |  < l r r lp le ts  n ta1 l x '  p resent .
cs lx t i i r l l v  i l  o l rk , r  ( i l l s .

Irr irl<litiorr to tht stnrctrrrt,k,ss an<l stnrc,turt<l granules, the t,y,ttr
1 l Ias t t r  i s  r i t 'h  i t r  Í i t ' t ' r i l r t l s t l r l t cs  (p<l |1 ' s r lnes) '  Go|g i  b<x l ies ,  both  ER
iur<l R!lR, anrl l l sosorrrt's. l\titor.hondria arc generall l. few in number.
\.largirraI l ltttt<l|r's rlí.itttrac1'tt4rlasutic nticrtthtbules irre a|s<r present
( l ' it{. .t.6li ).

Synonymies

Jtnes ( lÍJ.16) first estabIishe(l the cirtegory' tlfgrirnuIar eells. iurd |ater
Crrtl lot (ltlÍXj) trrcrrtitrrre<l..amoelrm'ytes'' u'ith ffne|r'grarrulu (ylo-
plasrr' Shrivastava llnd Richards (l965) and L.a aná čilb.t (tít66)
trcated (;Rs as ADs. The so-called "pycnoleucmytes" of Wille and
Vecchi (1966) rre probahly GRs. Recently,, Devauchelle (lg7I) syn-
()nynÍzed (]Rs with cyst(rvtes (= Cos), and Franqois (1975) did with
SPs. CRs hirr'e lreetr reÍbnec| to as ..phagm}.tes''' .;amcbx.'{es''' 

and
"hya l ine  ce l l s . "

Intene|ationship with other ýpcs
_CRs have been widely misinterpreted and snfused with pl-s, Sps,

ADs, ancl COs (= cystm.y.tes). Frangois (lg75) corrsidered the Sps, de-
scribe<| by Gupta an<| Sutherland (1966) and Price and Ratc|iífe

l ( ) !  . \ .  l ' .  ( ) u 1 , t t t  ,  
- -

, \ t , u t  t t t t t  r t t t , l  l l t \ t , t t , , , t t t ,  \ t - . t t t l l ,  t u t ,  I
:  ( l l ) 7 1 ) .  l s  ( , l l r .  ( , o l l r r r c t . r r r l  ( i r t i q o i r t  t l ! ) i i > r  r t l r o r t c r l  s t l r i r r ; r l c  c r i l l

t r r r i t  r  o l  ( j l l r . r r r r l  O ( ) r  i r r  (  r t r a t t r i t t r  r t r ) , { , \ l / \ .  . ' \ \  , t  r r l t l (  t  o l  l . r t t .  t l r l
J  . t ' p r r r r k  c r i r l l r r r t  r r l  t l r ' ( l l l  t r r o l  t o  l r c  t r r r l i r r l r l  u  i t l r  l ' 1 , .  S l ' .  { l ) . . r r r r l

( l ( ) ) i s r r o r r  r t t o g r r i z c r l l r r  r r r o r t , r r r t l r o r ' . r r l t l r , r r r ( l r  l ) r ' r r r r r t l r . l l c t l ! ) i l r
-  l r i r '  i r r r ' l t t t l c t l  l r , ' l l r  ( l l l  r r r r r l  ( l ( )  i r r  l r i s  t r l x  l l l .

l l o u  r r n .  ( l l l r  l i r r r r r t r l i  . \ r t  t l r r . r  r k  r i r r ' , 1  l i , r r r r  l ' l { '  , r r  l ' 1 . ' l  l l , r t l r
r o r r r t t s o l r r r i t . 1 i r r l r r r r ' l x t . r l r r g g t . t c r l ( \ n r ( ) l ( l . l ( ) ; t r . ( i r r p l . r . r r r L l S r r l l r -
( ' r h t X l  ( l ! ř i 6 )  i r r t l i t . a t t l I  t l r i r t  t l r t . r I t ' r i l a t i r l r r  r r l  ( i l l  l r r r r r l  I , I ,  i . . r  s l r r l r l
s t t .p '  

- l . t ka<l t  
i t t | ( l  K i t t I I ( )  { l ! )7 l )  r r '1 l r lň t ' t I  t l ra t  ( ] l l s  s l t r l r r l ' t I  l t  t r t ' t t t I  t r l

inc rc i t s r . r t r< l  l ) l , s  t r t  t l t '<  r t .asc  rv i t l r  t i r t r r , .  . \ r t ' ( ) l i s  t , rpa l r l t ' o l  t r i r r r s l i r r r r r -
i lg  in to  o t l r ( . r  t \  l ) r ' s  o l  l r t ' r r r  r r , r  t t . s?  

' l  
l r c r< '  i r r c  r r 'por t r  l l r , r t  i r r t l i L  , r t l  t l r . r t

( i l l s  <Lr  i r r r l t . t , r l  g i \  ( '  r i5 ( '  t r )  S l ' r .  . \ l ) s .  i r r r l  O()s  ( (  i r r l t t i r  i r r r r l  Sut l r c r l r r r r t l .
l 9 ú i 6 ) '  ' { r r r r l I r l  t l Í ) 7 . l )  I r a s  s t t g p t ' r l t ' t l  t l l a t  ( i l l s . . I t I i ( l I t  l ) ( ' t . l l t t s i r l t ' r t ' r I
l ras i c  tu t i t s  l ro r r t  r r l r i c l r  r r ro r r '  p r t ' r , i s t ' l r  s t r r rc t r r r t  r l  r r r r r l  l i r r r t l i r r r r i r r l l
t . | l s s t ' s  . r l . t ' r ' l I s  l t i t r r '  r l t ' r t ' I r l t ' . ' t l ' ' '  , l . l t i s  

i r  r t t 1 r 1 r l r r t t . r l  I l l  t t t r  r t t n r ' r  r r í .
I r c r r r r n l t ' t r p t ' s  i r r . \ r t l r r , r p o t l r r  1 ( i r r p t i r .  l t ) 7 ( ) ) .  l l i r r k s , r r r r l  . . \ r r r o l r l
( l977) .  h r l r r ' e r t ' r .  } ta r t ' s t tggt ' s t t ' t I  s t '1 rar i t t t . l l r ig i r t s  r l í  ( ] l l s  a r r r I  S l ) s '

T l t r ,  1 l r t ' r t . t t t ' t '  t r í . t t t i t ' r r l t t t l l t t I t ' r  i t t  t I t t '  g r i t t t t l I t . s  l l t t r l  i t t  t l t l '  t ' r  l r l1 l I i t s t t t
rí . the  ( i I t  a l s r l  } tas  t ' l t t t s t ' t l  t l t . l l i t t t ' '  A t . c l l x l i t tg  t r l  ( ] r r l ss |< ' r  1 l1)?5) .  t I r l .
l l t i< . r l l t t r I l t I r ' s  t l l . t l t r '  g r t t t t t l t ' s  r l t l  t r r t l  l ta r ' t '  t I r t '  . ' t l i r t t t . t t s i r l t t s  rÍ  t r  1 l i t . i r I
t l t r4 r las r r r i t . l l i ( . r ( ) tu l )u l cs  (2{ ,27 r r r r r  r l i l r r re tc r ) ,  n( ) r  } t i r \ ( ' l r t . t , r r  r l t ' r r r -
o t t s t ra ter l  to  l x '  s t ' r r s i t i v t ' to  r ,ok . l r i c i r r t .  o r  r  i r r l r l i r s t i r r t .  a r r t l  t l r t ' r t ' -
f i r r c  the l  shor r l t l  r ro t  l x ' ta lk ' t l  r r r i r . ro t r r l r r r l t ' s .  'A t . r r r r r l i r rg  

to  h i r r r .  ou l t
i l  I* t t t . t4 t lun ' l  i l I ( '  t l r ( '  ( l i I l rť| l s i l )ns  r r l . the  i t t t . l r t s i t l t t  t r r l l r r I t ' s  (25  r l In)
crltrparirblt' to thost' ol tlrt ' irrtru<.t toltl itsmic lti( rotul)rrlcs.

The intracltoplrsrrric rrricrotrrbult's lritvt,lrccn dcs<.rilrd irr st,r't,rrl
insec ts  ( ( l r in rs tonc  e t  a l . ,  1967;  Baerua ld , r r< l  Bous l r ,  1970,  l97 l :  l ) t ' -
r,auclrt' l le, l97l; l lagopiarr, lg7l; Scharrer, l972; tlt rnerrtirn a Íi' lv i lr.
\'estigirtors) d|xl arc gťnťra|l!.naÍr()wet i lt <Iiametcr than the nricrr>
hrbules of the granules. Thr.se intracytopllsntic microtubules may be
arranged into rrrarginal burrdles (Hagopian, IgTl) or may tre randomll
distri lxrted irr the cýoplasm (Devauchelle, l971) and supprrsedly are
found in all hem<ryte types, except OEs (Devauchelle, IgTl), al-
though Raina (1976) has described them in OEs.

42A. Spheillrcste (SPl

Structurc
SPs are ovoid <rr r<rund ccl|s (Figs' 4.lC,ť; 4'94'B) u'ith virrialrle

sizes (9-25 pm bng and 5-10 Am wide) and rrsrrall l ' larger than GRs.
Tte plasma membrane may or may not have microp.rpill{e, 6lop<xlit,
or other inegular proc€sses. The nucleus is generally small (5-9 /tnl
Iong and 2'5-6 pm wide), central oÍ e&'entric, ňch in chrtlnatin
bodies, and geneB|ly obscured by the membrane-boun<led, ele(.tÍ()lr.
dense, intracytoplasmic spheru|es that are characteristic rlÍ. thest'
crl ls.

F i&. l .9 .  A .  51 l l x ' ruI rx . rk ' t l f  . l í .  w. lo l l l r
nrrnrcrtlls spht'nt|t's lln(| il v.{1|ol,. ^'l 

,jt)Fj'{:Í...:nc nuc|eus (N) end nu.ntttttl.ttl ls.1t|rr.nr|r'.; ' lt(|l ' \r.1'.J'.  ̂ ' l  .", ' l5o ňltpň;il)i.";i.":;i, iff., l:(;i l. ' 7.fix, C. p,,d,,,n ,,f ,ph..n,l;.vt(
||l|ť r.{l(r||l||lI lt lÍ:R ). 't)||l ' ř,,L. .(., t . ' ' ., i,, 

' 
!,,:,u,t"t't"' showin* mugh e'ndop|as-h iť r . .bCuh|| l I  lRÍ:R, .  ' l ' | ' í ' r ; ; i ; .  i i ; ; ; .  

: . ' ' | \4  |  '  x l : "v| rcuuI  snowing muÍh endop|es-c.r.. r|'rxli ̂l;''.;';;:''..:,;:ií;lil.isillilii:l"Jliš:ť,.'1"fi:T;:l; ^",,".
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I

l O . l  \  l '  ( , t t 1 , t r t

, l r , , r r , l r r . r . . r r , , l l i l l l l l l : r { \  l . ! X .  I  l ( l \ . (  I  l ) r ' r . r r r r l r t l l t  r l l ) i l r l r ' r ' . r l s , ;

r l r ' ' ,  r i l x . r l  J  r n r ) J (  o r  l r ' "  l , u r . t ' t t l t u o r L  o l  l i l r r i l .  i r t  l l r c  t r t o p l r t s t r t  q l " i u .

l . l t l l j '  S l r s  r r ' l t . r . r ' t l r r  r r r . r t l r r . r l  i r r  t l r c r r  ' p l r t r r r l r ' ' i r r t o  t l r t  l r t t r r r

l r  r r r g r l r  I r r  (  \ ( ) (  \  t o \ r \ .

i l i r l , x l r t r r r r c r r ] l r . t l r , ' . l l l r c r r r l t ' l r u t  l x ' t ' r r t ( ' l ) o r t ( ' ( l t o L r r r t t i t t t r t t . t t -

Fi!. ..l0. A. Poňion of spheru|(x.}tc rlíP' gorr92ir,llrr' showing rough endopIasnrr.

rc t i cu|unr  (Rt ] l l )  and ( i l |* i  ( ( ] )  invr lhcd  in  | i )Ín ' J t i (x '  o f  rphent|e  (sp)  c ! '  x  l5 . ;í |
B. Poňiur ofrphtnlIrx.1tc ofJí. nelolonrha, rho*'ing Irxxe nťtul)Íl ('l intruC\l(I)|ls
rn i c  í ib r i | s .  C .  P r r f r ion  l l | . spheru l rx .yk .  r l f  B '  l l l . i '  shr lw i r rg  spheru lť (s / )  * ' i th  í inť
qnunrlťr. rough endoplasmic reticuItnr trrnlaining Íi|lrllrs illak.Íiil| in its ('ist(,rnilc

( rn( '* \ ) .  rnd r i l x , sornt . r .  x  í ) , .1(x) .  {A l i (n i l  Ra ina .  1976r  B  f r r rn  l )e rar r the l l c .  l9? l :
C li,rn Akai ind Sato. lg73)

\ 1 , j r ,  / | r ,  , , , , i  1 , , t ,  t , , , | , t '  \ r  , i i l i { , t , r , ,  l ( } a )

t r . r l o t . r r r r l r r r r r , , , p , ' 1 r . . , , { l , . r r r , l , . , r , , l { l r r " t r t r r i , ) l ) r . l ( r r r \ l ' r . r ' r , r . r l . r r r
t l r r l r s  ( \ . t ' r t ' ; t t t t t ' r r , t r . r t r l |  . \ r . t t s .  l l ) í | r :  \ r l t r r r r r r .  | | X Í ) .  \ s l r l r r I r s ( . l r . . 1  l i r .  l '
r r r r l r .  l ! X i . l :  ( l r r p l r r  . r r r r l  S r r t l r l r l . r r r t i .  l l X i 7 :  ( l x t n r .  l ( ) i 5 :  l J r ' . r r r l . r t u r r  . r r r r l
\ l l r t t 1 x ' r  r t i t r .  l ! ) í 7 r '  \ l r r l  l l  l ' l l l l t r ' t .  l l r l | | i t l r t I t '  r  l ! X } 1 ) l  r t ' l l r r t r r l  t l r . r t  t l r r .
s l ) l | ( ' I l l I ( ' 5  ( ' ( ) | t t i l i l l  . . l i l ) ( x ' l I t ( l t t t r ' ' .  

t l t  k i t t t l  l ) í . ( . . l r ( | t ( . l l ( ' i ( l  I i ; l i r | ) '  
. I . l r r ' 1 l r r ' l -

t ' t r t r , r r l ' t r  r r l r i t t i t s t '  l r . r .  i ' t , r ' t r  r r ' ; l . r r t l  . I  l r l  I ) r ' r r r r r ' | |  t  l 1 , } l í l .  J r l r r t ' r  r  l l ) í i t .
iu r ( l  l l i zL i  i r r ( l  l l i zL i  r  l ! )50t .  \ los t  r{ . (1  ! t l \ .  ( ios t i r r  r  l t )75)  r t .Por l . r l  l l r I

l ) r ( , \ ( ' n ( r '  o l  r r o r r . r r l l i r t t  < l  s i . r l o r r r r r c i r r .  i r r  r r < L l i t i , r r r  t o  ( l r  t r r p r o t l i r r r  . r r r l
l r u t r i l l  l r u ( , ' p r ' l r ' , r r  l r r i r L  .

S l  nor rvmies
I l r l I I i r l r r l t '  i  l tX)9)  r r ' l s  t I r r '  í i r . t  t r l  l l \ ( '  t l t ( .  t ( ' l | | |  . . ' 1 l l l t . r l t I t '  t . t , I l r . ' .

u  l r i t  l r  i r  r ro l  g t . r r t  r . r l l r  l l \ ( . ( l  l ) \  n r ( ) \ t  r r  o rL t ' r  r .  (  ) t l r r . r  t t ' r r r r r  t l r i r t  l ra r  c
l x t r r  r r s r .< l  l r r  ra r i , r r r .  { r t l ro r \  i r r ( . " (a ' l l u l ( ' s  \ l ) l r r in l l ( ' l l s cs  or  " t r ' l l u l t , r

i t  s1 t l r t ; r t t I r . r . '  ( | ,a i l I r l t .  lÍ) | ! ) :  Pa i | | r l t  a l l r l  \ rx . | .  l92 t t ] ;  . . \ l ) l | ( ' r (X . \ . t ( ' \ ' '

1 l } r g o j a r l t ' r r r k r . l 9 ; 1 2 ) ; " t ' r r r p t i r t ' r r ' l l s  { ) e a g c r . l ! } 1 5 ) r " r x . r r r x r t o i r l s
1| ) t ' r r r l t ' I | .  l ! } . l7 ) l  . r l r r .g l r r iú()c\k . \ ' '  ( ? ) ( l l I ( l ( .  lg57) :  a r r t l  . .h t 'a I i r r r ,

t . t . l I s ' '  ( \ \ .h i t t t ' r r .  !Í ř i { '  l t t ' r  F ig .  l  H) '  l l a4 laz  t ' t  { | '  i  l 9 f i9 )  < ' |ass i f i< ' r l  SP .
i l s  A l ) s .

Intenelationship with other types
. | . l r t ' t t ta i r t  ( ! 'n t r ( ) \ , ( ' r \ i ( ' s  i r l x ) l l t  SPs  (1) t | ( . ( ' I | |  th( ' t r i r t t sí i ln r ta t i t ln  t l í

t l t t ' se  t . t ' I l s  i t t I r l  r l th t ' r  t r1 r r  s ,  Í i r r t t t i r t i r t I t  ( ' l . t l } ( ' s l )h( ' r l | |ťs '  t t l ( |  t l r ( .  l i l nc .
tit lIts ttÍ'thest' <'t' lIs. ' l.Irt' trlttsÍitrntttittlt ()l.SPs int() ()t|Ier t\' l)es is |)()t
\\'(' l l (l()(urr('nt('(|. Orrptr arrd Srrtherlarrtl (1966) suggesterl that SPs
irrt'ca1lal;It'()í.trirltsÍ()nrri ltg irrtrl Al)s aIr<| C()s (= ct'strrytes) antl that
SPs art' tht'rrrst' lr es rk'rir e tl lronr ORs. \l i l larr ( 19,17) and Amold ancl
Salkeld ( 1967) tlso consiclt 'rt 'd th<' SP as a plrase in the life of a GR.
Lrtt'r, Arnold ( 197.1) stakrl tlrat "the1' scem to l)e another specialized
tr' l l rvitlrin tlre griurrrltr lrr.nroc'1tc cornplcx." Beaulatorr (l96tt) has
st|ggest('(l thtt SPs i lre degťlrťrirted ()Es' |l inks aud Anulld (l977)

crrrsidt,r SPs as separirte t11rs u'ith mitotic capal)i l it ies.
l-ittIc inÍilrnratiorr is ar'ailalrle l ln the Íilmtatirln ofthe sphenrles. Ac.

rrrrrl irrg to Akai and Sato (1973), the rrrateril l in the sphenrles is 6rst
obsen t'<l in enlarge<l cistenrae of the RER, then trarrsfened into the
Golgi ctlmpIcx' whťrť it is packirger| into the mentlrrant' lrcunde<l
sphen! |ťs '

The role ol SPs is highll- controversial. Hollande ( 1909) cnnsidered
these ct'|ls respirirt()ry in Íitncti<rn because oí.the presence of the so-
cirl lt 'd |ip<lclrrrnne. lt has l>een demonstrated |r1, Ákesson ( t945)' Ash-
httrst an<l Richartls ( l9 €y|), Arnold nnd Salkcld (l967), Gupta and Suth-
er|and (1967)' antl Crrstín (1975) that the materia| contained in the
sphenl|ťs is ttetttra| or acid mucopo|ysareharide, not a c'i lotenoid
lipid. l lollanrlc (1909) stated also that these cells contained an oxi-
dasr'. I)ennt'l l (19'17). Jones (1959), and Rizki an<l Rizki (1959) re-

SlrrrťltrIr '  r l rtr l  l r l totur lr i .  r-dgt lt jr{ 
" l l '  

r '
-TO7--

106 . \ .  l ' .  ( lu l l a

l )o r t (a l  t \ r ( )s i t l . l s (  t t r  t l t t  r l> l t t  r r t l t  s  ( t l  \ i t r i (n l \  l ) i1 l t t ' r i t  l r r t t  ( i r t l l t i t  r t t r t l

š . ' i i " ' i . ; ' " r  ( l tX i7)  l l l r r r t |  t t r l  I r r l l r i t tAs t '  i r r  t I r t '  S l ) r  l r l  t r t .L t . ' . l  l r . ' t '

ř ) . ,1 , t , .  u , ' . l  S t r t l t t ' r | iu t l l  l lÍ ř i5 )  r r t . r t . s t t1 l1 l . l s r ' l l I r  t I r t .Í i r s t  k l  ť( . Ix) r t  \ l ) \

in  t "*kr , ,a . ! r "s .  Whi tk ' t l  (196- l )  s t tggcs tc t l  t l r r t t  S l ' r  (  l t c t  l r r ; r l t t r c

cc l l s )  r r r t r  l t l i t r  a  r t l l l ' i t l  t l t c  t l r rk l ' r r i t tg  l r l  t l t t ' l l t tpar i t t l t t  i t t  so t t r l  l r -

ck l r rhap l l lus  l ) i1 l t t , r t '  I ' t i rez  t  l9 l ( ) )  re1xr rk r l  t l r iú S l )s  t r l l |  l ) i l r t  i I l  l I l \ '

i . i " ' i ' . . i l . r ' . ' ' ' . r '  t l r i s  l t i r s  I l r ' t ' l t  t l i s1 l t t t t , t l  l t r  Ák . , , s . l t t  l  l !A5) '  t I r '  l l i ' t r r

i y . t . ; " i ;  r l í .S i i s  s l ' . l r | . l  l t ( | t  IX '  5| |n) r i s i t Ig , ' t r r t t s i t I r ' r i t lg  t l r r '  l l l ' t  l I r l r t

l r l i r re  ant l  aí ie r  t t t l r I t i t tg  \ ( ' \ ( . rn l  s l ) s  i l r ( ' ( ) l ) s ( ' r \ ( ' ( l  t l |  ( t ) t |{ I ( 'g i l t ( ' l ' | |

h i J r r l r - r i , tg  t i ss r r t ' .  ( ) r rp t t  (  l97O)  l tas  s r rggt ' s t t r l  t l r t '  p r r l r i t l r l l  l t i s to l r  t i r '

. ' '  ' r ' .o .* ' . i .  í i r r rc t i . l r s  r r l  S l ' s '  I t  i s  p r t r l l i t l l l t '  t } r rú S|)s  l x l t I r  l r i s t r l I l  z r .

auá  phagr r l t i zc  t i s s t t t , s  i t t  a t  Ie i r s t  a  l i ' t ' i r r s t l ' t s ' . l . l t t ' 1 t l t i tg rx . l t i t ' I t r t t t ' .

i i.,nl"".i '. i,"'t.. l l ly'Krl||nrarr (lÍI}íl)' ()arrIt'rrrrr (l9l].|). trrtI Akt'ssrrrr

i iúsl'r, '. i i.rth.r *].,rk is trt't,<letl tlr rlr 'ttttltstratt,t' lt 'ar|1 tlrt. lrirtrrIr.

i i "  ' . ' í "  
" t sp ' '  

Ru ina  ( l976)  í i lu t r< l  t t r l  e r . i< l t , t t c . t ' r l l  th t , i r  I ( ) | ( '  i t I  I ) l I i |g(F

.*""i '. l l"*l ' i lr lr ' an<l Chrlrint' ( l929) arrt| \Ír'taIrriLrlr i l9:}.|) l i lrtr<l

t h a t t h e s P s i n C a l l e r i l i r r t . r c I a t t . t l l r l l l a < . t e r i l t I i t l | | | | | l t I i t t . \ i t t l ) l | ( )
tlg,nOl ,t"t.al that strl itts of si lkutrntr ltntt' tlt irt lrttkt't l Sl)s trrttr-

ot..i.í" .,, incunptete|1' ten<lerl |o 1lrrx|ttce rt'Ilt ir 't ' l1 sttta||t'r t1tti lttti '

[ts .,í ' in. wrsdlesw<lrth (1959) sirggestt'rl t|rtt.S|,s lre ittlrl|r't.<| itr

th. 'pt"k" and trarrsglrt of rrther sttlrstattct's, sttclr irs lt ltntttlt lt 's, Á|:ri

;;;š"i., (1973) suggeste<l thtt SPs art' s<lurt't 's tl l.stlt lt l ' Il|<xxl 1lrrr.

teins.

1]2'5,AdipohereYre (AD)

Stsucture
ÁĎ"-.'. '*uu to large, spherica| or <rval ce|ls (Fig. ' l.2(;) witlr r,itrt.

eble sizes (7-45 pm in diameter). The 1llasma |tl(' l i l l)Ii l l|ť tr|tt'()r tl l i lt '

J-r.*.-'i*"p.pillae, fflopodia' oÍ other irregular pr<rt.r,sse s' 
'I-he

''"rc". i ' *r"ti"áy sma|l (mmpared with that in-a Pl, rr Sl)),' rtlrttttl

"i ' i igr'. i ' .t".g"té, 
and centn||y rlr err.etttrica||y Itx.att't|' \rrl.|t.itr

size iJvariable ú-|0 r.' ', in diameter). Ihe nttc|erts n|iry al)lx'ar (1)t|-

Bve, bionvex, Punctate, or lobate'

The tminr nature oÍthe pluma and nuc|ear meml)ran('s tnat, l|()t

t.'i.iur.. The cýoplrom contains chancteristic sma|l to lery |trgt'

*eiň;;i Íbi áňl.t' (o.s-ts pm in diameter) ant| l lther.nrnrlipitl

qenules (0.5-9 l lm in dimeter} and vactlrl les, which' a(toíling t() Ar-

íJá]ic7i'b".ó-e filled with |ipid.s under certain con<liti<xts. lrr ;r|.

diuá", o. 
"yt"p|sm 

contains well<|eveloped Grrlgi lru|ies' rrtittr

chondria, md PolYribosomes.
Histmúemiotly, ADs are reprlrted trl c<rntain PAS1trsitiv.e srrl l-

*"*l" .r." g-"íles (Ashhurst rn<l Richartls, |964; t.ea arrtl (' i i l|x,rt.

ieobí ó.'.i'jrs75) did not recogrrize ADs as a t1.pc itt her shl<ll..

ii.:ii]:ilil].:.i'' ., Íirrt itttnxltrtr'rl th(' t(,nn ..ar|i'xrlelrrx.1lc,'. l|-

.r'.1iil'l.'ili,i''l i.'. . l d ;i illl .:.ll.l,*l 1;.Ill,;.ťll..',:illl'.'i l:
t r ' | | ' '  Í i t r  r tn t r r , | | ( . I l t ( ( . \ | ( . \  ( ) l  | | l

.|n...sl)lx.n}i(|(x.}t(.\'. t}t.ig('r' lÍ}l5' -\rrrrrl<l. l(). '2; Il iZk.i '.. l$lf:.l(trtr.s'

i i i*i]::i.., '.*.. ., l '1l ln.nrl.,..;tivhitt.lr ' l(ř i.|); arrt| 
..tl iurt1('! ' '

(Wi(lt|r,rurlrtl l ' l{ři.5) tstr' a|srr ()lra1rtcr l i)

lntereletionship with ďher types

Tlrr. nrairt ((}tltÍ('\('Ďt' 
"tuu,t 

i i j. (1'|l('(.rt|\ tln.ir it l l.rrtih ls a dis.

tind (utťg('t}'ofhenrtx.1'lt.s. s.]..i i,. ' . l tt*.l itcrltttrt,l l 'atls rltr'trr lx..

lir.r't'that tlrt'1 rrc ttot u aittit"ii'li*" Sevenl authos huve reported

t | | t r t i t i \ ( l i l f i ( l l | t t l ,< l i s t i l r ínr i shr l te . r "*cn '0oncr , lť 'Q^mold '
;ó;{j' ;;';i.;;;;;;;' .,it...^ aiii .'t ..*,g,.i,. th. cetťEory'.ďADs in tfiÉlÍ

.;í-l';:.;ii.i;.;: l96tt; Akui ",..i 
s.i.,. t9?3l Clrstill. |975l.Fmntrlis.

l975l (klÍErlt.t anrl ()řgrlire. l9?5; l|rlitau lIrd Pt'rrur'.1976l Raina.

iólá. n"*.,i"..". an<| I|on1reyssin, 1977; to mention.a fcu' rtlent

il;;. ffi;iis?6l n<*ed u pá'.ressivc utumulet|m ď||pid druns in

GRs ant| on thrl lrasis (\'nsi(f;; ADs as fitnctirltď str8es of GRs.

(]trtrta artl| Slrthr.rlatrt| ( ls6) -l;; h;;; rep<rrict| the tronsformrtim ď

i!ii.-.','i.'.^íjl. i;iy "n. 
.r *. ilňÁ.t"rr| studies (Derrruc'he||c'

iiiii i,,r rr"-*r-.r'i*"1u.1., ip.-*-r.g.r"r..,r,.!ory.. llovever, hi$

mb'oíÍrphs (his Figs. il)..2t, ze i.*.-uiú"ay ď;lbÍto dE cR' (ď.

Fiq. 4.l I with Fig. 4.6.') d"*;b.íily Hegopian ( lfrrl) end orher ru-

.l.3r.n. 
u..., otÚE histft.hemics| nefure of these.Ct|l3.|.o it i' ďm.

j.lJiJ;,."ď;i."'' '.a r....- tji. ot.g"'y' ď|T.ryr.\
ě?.irJ'. tiúsr. 

..uttnrstructural strrdies ď soql|.ed cdipoh!

inclutk' cells wbich curtrin io.li;"ted tlpid (Deyeuchclb' fgtl'

;ř.iljii'il.á."i J*u,n'r ""u"-.uJtv 
tpip.. a"d wotcveÍ. lsg)

".x*ě'ra 
r-ií.'J to be muc$otin or mucgpo|vsrcc{rerrdc (Bcal.

ilř:]ffi:.řil. i).].c*tio tró?il a"" au noťr.cogntz. thc AD on

iíIů'í "i 
*-ir.iío"l'"'"i"t.y-J í.."'o"yt.. tl bť Áilnú,u.

Tte resembtance a,tp, oiJilojy-*Ú... a-.co.'Tin6nd eddr

.. i# ilň;í.';rinuryi"glD'ií t."l t,"-"ty-ph rnpl... For

exirrnD|€. ore mry find rll gni;tn;l"'"'."" '-.i| AD. rnd í body

lřrl.Ťli;iňiilJát' tc$. lca (tgtg) '.cprl"d qlŤ."*'
..wlth excentric o.d-.. 

"o 
il.i ňttú laip a"oa AÚH bG

.#:j.iil-.i;,..fu" ůJ; b" d.,ty etbldá.d tu í

řffií1"];Áo]"d"t b ú 0-.." lclo,.AÍL Jl l ld ro 6*|

smeit"tU"tt fubodYclb'*á'l.ffiad*-ild 
rltn) ;urretrd ú1 ""H =!* GÉdL

tlonr, nc.h es ch||u.* 't.-ň'-#d.ry'* rpcride ďroúrůr

rnd rcduced metebdic ,e)Jil;Fú-;;-d Ěy chrartr to ADl
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l r i s  s rs  l r t t t ' t l  o t r  t l t t ' i r  t t l l s t 'n i t t io t t  i l r r t  t l t t ' a l -

. . ; ' ; "  l , l ; ; , , . .  r r ' l ' r . r r  th i l l t t l  k r r  2o-2{  l r r  a t  5" ( l '  s l t .n t t l  r t t t tnc r . t t s
: l lu ' . i : . i ' ' ' , i . . . . .u r l  A l ) s ,  r r t I t l ' r  t r '1 l t , s  t t í  l x ' l r t l r . ; ' t t . s  l re i t rg r t r t ' .  S t tch

l,r^ 
". 

,,, lrr. ',1,,.,tti1 re<rrvt'rc<l l ' irtltt ig t"tl Wrrgrnei.stcr ( 1953) rrotcd

..,, i,,. '^ju... 'a .. ' ' ' . 'rrrrt .l l 'Íiet' |irts irr tht' hernrr|1 rrr1rlr rlÍ.tht' stirn-!ng Jap.

rutt,st' Ix't.tle. l,t l1 úllitt ' it lponicu. arrrI CIlr\ .tlt l Chr<llxrttrl 'c ( l$Í}) r('-

;;.;;'. i;.;;.:;r',,.,,. ' ' l ,. ' i .ú ,l l l '  (= t}reir stlht'rtrit lrre1tes1.itl tl ir1;atls.

i;l;. i l;..: . ' i... l ' . '.t, i. 'k lu,l l*.., ' ' , ' Prl.Iittophont gl)n.fVl,iťlld. 
'I. lrtts. iI

lott - \ . I ' .  ( l u p t t

rb ..lr. supporcd rdipohemeÍe of M. ne]olon,,t.. B9t ío.. ň.r lr |oďt ltlc .

r'"-nuúyt.' í lr,rm. (i.m Dcvsuc'hclle ' lg'l)

Fl& .'l'. A. oenfr.no|d of 8. nrri, rhtxing crrnccnHc mgerunt ď intBcyto
p|umic fibrilr (uows) gnd eclentňc nw|eus (N). x 3,00o. B. Oen(f.ytoid of P' got.
igpiello x 6'6u). C. Poňion of (FnďÍoid ol B, mor|, ghowlng highly magni0ed vie*'
rlí. .lrcu|ric ringr oí ink.yt('p|srnic ffbÍils. N<rte r|rrr unorlented ffbrils (.mws).
cr. x 3o.m. b..r ((e. x 225,frn) lhm ffbrils in ctoss Édm. D. Portion rrf cnr>
(ý.,1d !í P' gú.v,ndld. shrrwing |ongimdina||y arm8ed intMíoplermic micffit>
uier (mr)' coigi ((j), and rilxNrrmer (fl|)' x 35,475. (A and C írom A}ai and Srtrl,
1973: I anl D ftm Ruina. 1976)
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.sÍnl(.Íurť (lnd t(l\,|u,nú( signiJir.ortrr, 10o

sťť|lls \,ťry l ikel1.that tlre appearancc (or transÍirrntatitlrr Ínnr PLs) ol

ADs in thi' hernolymph at certain tittrt's is govcrned b1' the phy'siolog-

ical statc rlÍ.the insect.

12.6.Oenusroid (OEl

Structure
OEs are small to large, thick, oval, spherical, or elongate cells (Figs'

4.2A,B; 1.|2A,B) with widely \'ariable sizes (16-54 pm oÍ more) and

,h"p.,. th" pl..u.a nre,.lrra'e is geňeratly without micropapjllae' ffl.

uŇiu' u' other inegrrlar p,.*..,,.". The nucleus is genera||v small,
á,,'.| .,, elongate, and g""era||y ecltntrica|ly lx'ated (Figs. 4.28'

4.l24'). Nuclear size mey vary (3-15,rm)' occasionallý, two nuclei

may be Presetrt
í,. la-in.r rraturc of the plsma and nuclear membmes may not

be visilrle. The cýoplasm is general|y thick and homogeneous and

has 
".veral 

kinds áf plat.., 'od-, o' need|elike inclusions. Amrding to

é.'ir" iiózsi' the o]E is áistinguished by an elabonte system of ffla.

..'.. ih". áils the cytoplasm (Fi8s. 4.L4'; 4.|%),D| and is visible

under a phase+ontrut microsúope' Histx.hemica|ly' the fflaments re-

semble the cýoplasm and hence are not visilrle in stained prepm.

;;;.Í;fh";".il966) md Hoffmanrl et a|. (1968) also heve reported

.""r, nú-."". t. 
"dáiuo" 

to the above intrrcytop|asmic inclusions

"rJ 
nl"-.tt*, a few electron-dense spherules may be present in the

..rr *"'í.. (Devauc'helle' l97l). with the exceptíon of polyribo

.o-u, .'d the abundant, luge mitochondria, which eÍ€ conspicuous'

á.r'"'-ň*tt"., such u Eň and Golgi, are poorly developed. Sup

posedly, lysosomes are absent.. 
ň"ií.n.-rc"l|y, oEs are reported to mntain tyrcsinase (f,}.ennelt'

rúii' p'.i.l" (AÍo and sato, iy/3), and PAS.positiveonly gnnules'

i"árJi.{"ín" p*.".* of glycoproteins.or neutral-mumpoJywcha.
iJ..l'ď."lr"i"a, periodate.reactive sia|omucin (Costin' lý/5)... 

ti". ř."r'."ty Jf oEs seems to be their high|y labile nature. Tbey

*-ň'ÍÁŇly r*grle in útro and tyre quickty, e}rting materia| in

the Íemo|ymph. They are nonph8gocytic.

Synonymior
Ň" t*á t".-. have caused 3s much confusion as ..oerrocytes'' and

..oenmytoids.'' oencyes dÍfier &om Gnocýoids in.thď they ere ec.

tJ.-i"!ii" -rsin, us;etty seprentrllv erranged, vellgw in colw ed

""t 
r'..*yt*lpoya*otŤ ttstol ffrst inbÚduced ůě.Prm oE' ťol.

towed by Hollande (f9lf). In order to avoid anyconfurioo lctv -

*.*vtá' rp'.p.j ty wr"to*raoky, ls66) and o€ffiťtoid.' Hd.
i*a" irerii půp"*d o rcptre the term oenocyte by .cerodocyos.''

iii. ..t ."óii.ůg that sevlnt crr|ier authon m|s!oo& ocrrocybs Íor

Strutlun' ttrd lurrtrtrnrric signiJi l urct I I I

( ) l . ] s '  L , r t . r r  aÍ i t ' r  l l l r I l i r r r t I t ' ' s  ( l92() )  < le t t i I t ' r l  r l r ' s t . r i1 l t i r r t I  l l l ' ( ) ! ] s .  s t , r .
t ' r i t l  i l t t l l t r r t s  ( \ l r , t i t I r r i k r r r  i t t t< l  ( ]as<. l t t ' t t .  l9Ž2:  l í i i I l e r .  l925:  

. l . t t r ' i r r ,a .

l92 l J r  \ t t t r r l l i l o r  an<l  ( l l ro r i r r ' .  1929;  . togo ia r l t ' r r sk1 ,  l l l )2 ;  ant l
( l t r r c ror r ,  l9 : l l )  r r s t r l  th t ' t c r r r r  rx . r rx . r ' l e  ius t t ' i r< l  o l  O! l  i r r  t l r c i r  respcc-
t i r  l  s 'o rLs .

( ) t l l r ' r  s t t t r l t t t t t t s  r r s r r |  í i r r  ( ) ! ] s  a r t ' . . t x ' t t rx .1 , t t ' I i kc  t . t . | | s . ' (Ycagt ' r '
l lH5t; largr, "rrorr-qrlrrrrlrr spirrrl lt ' <r'l ls" and "non-phagrx'ytic girrnt
I r t ' r r r rx r tcs"  ( !V igg lcsuor t l r .  193:1 ,  1955;  sce  r l i surss io r r  in  Jor res ,
lÍ ř i5 ) ; . . t . r ) s ta| | r l i< l ' .  a t r t l . .< la rk  l r1 'a I i r r t 'h t ' r rx rey- tes ' '  (Sc l rnar r ,  l962) :
..t.nstal 

tr' lIs'. (lt izki, l953, |(ři2; Nappi' lg7()); and C()s (}loffmann
t t ( l  skX .k( ' | .  lÍ ř i l l ) .

lntenelationship with other types
'Ihc 

nrain cu)trov('rsv alrorrt ()Es corlc('rus their identitl,as a sepa-
Íirt('Cilt('g()ry, ptrtictr|tr|;- tlrcir (l istinťtiot| íiurr C()s. The view that
OEs nrc prrt ol tht, (,'() crrtrplt x has rece ived support owing to the olr
seryttion lrv sonrc arrthors (Lea antl Cil lrrt, 1966) that OEs are unsta-
lrle in vitro and tlrat thcy undergo rapid and drastic transfomation into
hya|irle cel|s (= C()s)' These authors report that in řlyalophora cecro.
pía, ()Es l lt 'gin to trrmsÍ.onn within l5-30 sec, and fu|ly tmsfomed
()Es art. l ixrnd rvithin l5 nrin. Jones (1950) and Nittono (1960) also
have re;rrrrte<l srrch trans!)zration of OEs in Prodenia and Bombyx,
rcspectively. Crnrpled'/,.n tlrt 'sc obsenations rc the reports by
many authors thnt ()Es are t.ither lound in very small numbere or:ue
absent. This nray partly explain why'several authors either have not
reported OEs in their studies or do not recognize OEs ro a distinct
(utegory. Crossley (1975), however, stated that ultrmtructumlly OEs
and Cos are different, and indeed some authors (Hoffinann et al.,
l96tJ) have descrilre<l txlth oEs and Cos in their u|tÍastruďunl stud.
ies. Tlre u|trastnlchrra| identiý oí oEs is also supported by the fact
that llthough these cells eject mateňal into the hemol1.mph m Cos
do, this dres not result in plasma gelation (Amold, 1974).

The origin or derivation of these clls is a.lso ontrovenial. Gupta
and Sutherland (1966) and Beaulaton and Monpeyssln (1977) sug-
gested that oEs are differentiated from PLs' Devauchelle (lťír) hns
indicsted that OEs might be derived from PRs. Amdd (1974) steted
that..the clls seem to be állied with theomplex ďgranul.Íct||3, but
their origins and relationships ue nď undentood.'' Hin|rs an.d Amold
(lťl7) found them originating in the hemopoietic tissue.

12.7.Cu9,.1&Vte (@l

Structur.
COs are generally small to large (3-30 pm long), spberical, hyalirc,

fragile, and unstable rells, mmbining the features of GRs md OEs
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, \ l t l ( ) I ( l . | ! ) ; l ) , ' l . l t r ' 1 r I . L ' r r r l t t t t t ' t t t I t Í i t t t t ' i . t t ' t t r ' r t | ] r t \ ' i t l | ( } l l l i | | l \ l l I l ( ' I ( ) .

1 l . r p r l l r t ,  { i l o p , x l r ; r .  o r  r r t l r t  r  i r r  q r r l i t r  l l r r x t s s c r .  
' l ' l r t '  

r r r r t . l c r r s  i s  r c l r ,
' , r ,  l r  . r i r L l l  r 5 - l  I  p r r r  l , , r r g ) .  g t . r r t , r i r l l r  ( . ( r . ( ' r r t r i ( . .  r n i r l ,  r l r i r r D l r  o r r t ,

] l r , . ' t l .  . . r r . l  l t l | ( l t ' I  l ) | l i l s ( ' . ( 1 ) l I t I l s t  | | ! i l \  . l | ) l x . l I r  ( ' a r t \ \ i l ť ( ' I . I i } i l . ( ) \ \ I l I g  ( ( )

l l r t  . tn r r r rqr . r r t . r r t  o l  t l r t  < l r ro r r r r t i r r  i r r  t l r i r t  l i r r l r ion  t l ' i { .  .1 .2 ,1) ) .  A( ( r ) r ( l -
l r rg  l . l  ( ] r l l l i r r t ' t  l I t l ( |  ( ; r ( 'Í{( ) i I ( .1  l975) '  t l r t ' r t . i s  a  1 l t r r t l l l t t t t . t l  l ) ( ' r i | | l l ( ' | ( . { r
,  r . t t . r r r i r  r l ' i ( .  { . l l } \ ) .  r v l r i < l r .  t o g r . t l x ' r  r r i t l r  r r r i c r o n r l t t r r r t ' s  i r r  t l r c
I ) l . t \ l t ] l  t | | ( ' l l | | ) r i I t l r ' .  s t t1 l1x ts t ' t l I l  ( l i \ t i I lg l I i s | | ( ' \  t l r l ' s t ' t ' t . | | s  í i r r t t t  r l ( l r t . r
l \  l x  \ .

' l . l t t ' | . t t t l i t t i t r  
t l i l t l l r ( ' ( )Í  t l l t ' l ) I r s t I I i l  i l | ) ( l  l l | | ( . | ( ' t l  I l ) ( ] | l } l ' r i l | l ( ' t  l | | ! \ ' t | ( ' t

l r t '  r  i r i l r l r . .  l  l r r '  p l r r s r r r l  n rcu l l ) r t l ( '  r ! r J \  s l l ( , \ \ '  l t i (  r (n l l ) t l t r ( , s .  ' l ' hc  r . r  to -
p l i r rn r  i s  h r . r l i r r< r r r r l  r i c .h  i r r  p< l l r r i l r r sor r rcs ,  l r r r t  l ras  l t 'u t r  rn i toc . l ro r r -
r l r i r  a r r r l  r r r rx l t ' r i rk ' l r  rk . rc l r4 r t . r l  L lH .  l r r  a t l< l i t io r r .  thc  c l toptasr r r  has
. , i r r re  . l r l r r . r i ca l  '  r r  ( ' l o I lg{ t ( '  g ran l t l i r r  i r r c l r r s ions .  : t l ro r r t  I  l In  i t r  < l i l r r r c t , , r
( l . i q ' ] ' l : ] , t ) . ! - r l r l r 1 . r l i s t l 9 7 5 ) h u s r l t ' s . . r i l x ' t | Í i x r r t 1 1 > e s r Í . s l r c l t g r a t t t t I t ' s
nr ' l ' l vnr to l t iu  donu,s l i t t :  (  I  )  r . l ec . t ro r r<k. r rs t , ,  l ro r rx rger rernrs  11r i l r ru r ( . \ .
g t t t t , r t l l r  r t ' s t , r r r l r l i r rg  thos t ' i r r  ( iRs ;  (2)  nr rxk ' ra te ly  t ' l t , t t ro r r -ocr r r t , .
I to t t t r tq t ' t t ( 'ous  gr ln r r l t ' s1  ( l ) )  hc t r , rogcr r t r r r r s  gnt r ru l cs  u i , l t  i r  <. r .n t r i r l
o r  l a te ra l  r l t ' r r se  zor r r ' ,  t l r t , r c r r ra i r r ing  l x r r t io r r  l r c i r rg  l ro r rx rgcr r r r r r r s lv
qrittttl itr; alrt| ({) strtrt'ttrretl qrlrttttIt's, with intenl.rl t]l i(.r()tlt l)l||ťs
t l5  nrn  in  < l ia rnc tc r ) ,  i t r r i lng( r i  i r r  a  para l le l  l i r sh i r r r  a r rd  {O r r rn  i t l ta r t .
(irlf irrt't rrr<l ()ri,goirr' ( 1975) also <lescrilxrl structrrrai grtnrrlt,s in tht,
(l()s of(-.. rnr)rostr. It is ol)\' ious thilt tht.rc is l vt.rv r' los(, r(.s(,nll)hnc(,
l x 'hvr t r r  ( i l l r  i r t r r l  ( l ( ) s .

l{istrrcherrically, OOs are clcrrrl l distingrrishable l ionr pl_s arrrl GRs
tccording to the lx.rirxlic acid-schil l (pAS) test (Costin, 1975). Ac-
tor<ling to lrer, "comytirred with tht' cytoptlasm of the othcr t;-1tt,s of
blrxrtl cells, that ol coagulrcyte has nrrrch rcdrrced basouhil ia," lt is
Yery weakly PAS-positive.

Synonymies
Gri'gtl ire and !.|rlrkin ( l9il) íbr the first tirne intro<lucetl tht' term

"co.rgulocyte" or "unstable hyaline henrrx.1.tt," in (ir11llrrlrr and
Curuusitts. Earlier' Yeager ( 1945) Íbr the first time rrsed the tťnrl ..ťy5.

tocytc' ' íi lr cells with cystl ike inclusiorrs. Jones (|9í)) used that temr
for..crlarsely granular haem{)ťvtes,' ' tnd Iater (Jones' lg62) suggestetl
that the ..temr 

coagul(reyte Íbr these ce||s may be prefened tti cysto-
cy-te because thcse cells are only identified by their function." Wigg-
lesworth (Chapter l l)synonymized "thronrlrcytoids" of Zachary arrd
Hoffmann (1973) with COs.

Intenelationship with other ýpes
The main c<rntroversies about COs mnctm their identiý' function,

an(l origin. It is still debatable whether the COs ue ultrastruchrrally
diíIerent from GRs. Devauche||é (lg7l) found them indistinquishable

I  l {  . \  l ' .  ( ) r r l t t u
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t r t ( .

T

rlt' 4.l3. A. cmgul(ýe' shrving peňnucleď cistctrm,(WNí) udrhm.rrf mdo

Dlďmic Ř|i(tlum (e7). Nrle pre*n*of elR'|í'n<Iense (sfucfureIt'ss) gmu|r's sur.h

í;;-.;;íi' ú;'ir.ytes'.x 2J,fiX) B. Prdrryre. showing psťildí)p.xlih..NtÍť re.

]..ú** t" pňt'".*ýe .r y'u.1 plasmutilyte. .v = nuclerrs. x 9'íD. (A ant| B

Mtusy fh. C Deverrchelle)

ir
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l r r l l r l  ( j l l s  i l t t t I  s r , t t r l l l \ ' l t I i z t , < l  t l r t ' l l r  r r i t h  t I l l , I a t t r . r .  \ l r r r l r r  { | 9 7 l )  í i l r r r r r I
r r  t r  1x .  r l l  t . t ' | |  i :  l ] l t t I rn ts  d i s t l l i du l i s  l í i r ' r ; I t t ' l r t I l .  i t t  t t t ' r r ' I r '  l r t t l I t t r l .  t t t t .
t r t r r t r t r l  : t< l t t l t s )  rv i t l r  r r rc r r r l r r i r r r t  - l ro r r r r t l t , r l .  t r r l r r r l r . - t r l r t t r i t r inu  l xx l i cs
r ' I ' ( ] l J )  í i l I t , r |  \ \ i t | !  r ( ) \ \ ' \  ( ) l : J ' ' . t | | | |  t r l l l r t I t , s .  r r ' I t i t 'h  i r ( ' ( lu i t t '< l i í l i . r r . r r t
I i r r t t r  t l t r ' i n t r i t t . r t l l 1 l l as t t t i< ' t t t i t . r . r t t r l t l t l t . r '  l I l . s t Iggt . r t t , t |  t í ra t  th t ' s t , t . t . l I s
l t r t ' r ' r1 t r i r ' i l l t . t t t  t r r  ( ] ( )s  ( r . r s l l r ' r t t ' s ) .  Rat t ' l i í l i , a t t t I  l , r i t . t ' ( l97{) .  h r l rv .
t ' r r ' r '  l i i t r t ' i r l t ' r r t iÍ i r r |  ( ] ( )s  ( t l re i r  ( \s t (X . \ t ( , )  i t t  t l re i r  w l rk .  \í t l s t  r t ' .
c r ' r t t I r .  ( ) r l í I i t r t ' t  i t t l< l  ( J r t ig r r i r t '  (  |975)  r r r r<|  ( ) r r !g l r i r t ' an t |  ( JoíI i r r t ' t  (Char l
t t ' r  7 )  t . Ia in rgI  i .  s ( ' | ) i l ra tí '  i l l t ' r r t i t r , l i l r . l l t t . r r l '  A( . ( t ) r ( l ing  to  t l r<, r r r '  tÁc
1r r ' r i t t t t c I t ' i r r  c i s t t 'n ta t '  r lÍ ' t l r r '  C( )s  a r . '  ' i , . t r . 'h  rn t l re  1r r t ,n t l tnced t l ra t t
th<lst' l l PRs' P[,s' ttr<| ()|ls' arrd tlreir plasnra trr('nll)r.rt)ť is nr1lhlrt't l
th r r i r rg  <oagr r la t i r r r ,  uht ' r t ' as  thos t '  in  PRs ,  p t -s ,  aud GHs renra i r r  in -
t{ct.

Tlte r<l|e rlí'tht' (]()s itr henxrly'ntph trl irgtlIirti<rlt is gencrally ac.
t.t'ptr.<l arrtl lr irs lrr't 'tt rec.crrtly' recortfinnr,d l ly Grégoire (l97.l)'
Franqtlis (l975)' GtlÍŤinet antl ()ri 'goire (1975), and cré'{oire and Gof.
Íirrt't (Chapter 7). ()rrpta irrrd SrItherlarrd (|966)' hlruel.er. have suc-
gr.sttrl tlrr{ ( ]( )s arr. tltr. r'íIi.tl rathcr tharI the cattsc rlf couguIati()|) (;n
tht' lrirsis oftheir obst,nation that as s(xln as (1)agulation starts, several
Pl,s trrrnsÍilrtn into C()s' This r,iew, htrwever, is not accepted lly
()rť'goirc- Srrpp<lse<l|1', C()s als.l c{ntail l phenol{lxidizing enzymes
(Crrlss|ey' l975). lt nlust bc mentioned here that in sevcn| aÍthrcpod
grllrps t't lagrr|atitrrt ttí'the henro|ymph is catrsed bv the GR (Crrpta,
1979), and evidencc is ac<.rrrnrrlating that this is irlso true in some in-
set'ts (R<rwley an<l RatcliÍ}ě, 1976; Rowley' lg77).

Tht'rlrigin o[COs is sti l l delrabble. Grégoire and coíEnet (Chapter
7) rnd ll inks and Amold (1977) have suggested that these cells origi-
rratc in the hernopoietic rlrgans. However, if we accept the premise
tlrat henrocvtt,s resporrcl to bmlily injury in the insect, it is cvnceivable
that either the injury itself would induce the pxduction of COs or
s()nle ()ther b'pe of hem<ryte uould produce them by tŤansfomahon.
For rnore details on the stnlcfure, functions, and origin of COs, the
rr.rrler is refi 'ned to Chapter 7.

4'3. other hemmyte typ€s

1.3.L Podocgte (PO)

SEucfure
These hemw.y.tes have not been recognized as a sepante Brcgory

in any ultrastruchrral shrdy and m not ordinarily obsened in the he-
m(ryte smples under the light microsmlre. They should be regarded
as a varíant fom of PL. Áccording to Ámold (1974), they have been
conec'tly identified only in Prodenia (Yeager, lg45; Jones, lgsg).
However, I (Gupta, 1969) have obsened them in p. americana

S l r t t l l t t t l '  . l t td  tu\ l t t r i l ' t i ( '  s ign i J iu tu  r  l  l ' 5

Synonymies
í l , . , - . í . i ]n i s r  i t t t r rx l t t t . t ' r l  t l r r , t t 'n t t . . lXX|{X ' t t ( . . ' '  ( i r r r l l e r ' s  ( l l l 7 l )

. ._ i " - . i , , , r r , , , t  i r r r ( t r .1 r ) ( . \ . t ( , \  r r ( l  l , . t7  s  ( l f lg5)  ra t l i ak ' t .e l l s  r r r i* '  5 iu r .

i r r t  lu t l t ' t l  l ) ( ) s

lntenelationship with other t) pes

l , ( ) s a r t . < l t ' r i r t t l l i r l r r r l ) l , s ' ( i t r 1 l t i r i r r r t I S r r t l t r ' r I a r t t l ( l t ř , t i l l | i l \ ' ť s l l g -

*,..;:,i i i" ' i;-,;""tl irrtttitti.tt l i."tt i ' l ' '  
' l 'his rr'<'tns t, lrc suplxrrtc<l b1

il irki '. I ltX;2t rtlrst'rvrtiort tlrat irr /)' urltnogrts!rr u'hen P()s in<'rt'ast'

t,, , i,ff i", ',r, i,,f rrrttttts. t' l,s tlt 'crt'ast" Rizki's (l9Fil) P()s appear to lrc

I , l , s .  Wl r i t t t , r r  ( l9 t i l )  t l t t t ' r t t r t t t t t l  t l r t ' t r r l t c t 'p t  o l  POs '  ant l  Dt ' r ' i r r r c l r t ' l l e

( l ( )71)  to l r s i t l t ' r t ' t l  t l t t ' t t r  ra r ia r t t  l i r r t r r s  o l  I ' l ' s

4.!1,2. l ' e rmi< gI ( (V E\

Structure
ir' l. i l;;. is gt'rrr.rt|l l 'callt 't l r 'emriÍilnrr ct' l l antl slrl lrtlt l nrlt lr re-

qar<letl its t sťI)ilrtrt('(.irtťg()rt'. As tlre ttanre stlggests, these are ex.

l;.:';i;'.'j,;;,*;l;.i ..rr' "'iir' ilightl' g"""lt' 'rr agrarular cvkrplasm'
:i ir, l ' rt;,.|.,,.]ti,,t] l,c t,^ at.'<l ceutrally'r t 'ccentrit al ly (F ig' ' 4'2b- )'

Synonymies
i' i ' ..o.:í i inisr i lttrrxltrt.tl l t lre tertrl 

..r'enniítlrnr ce||,' ' but the tem

"r'r,nnic1te" is tnrtrt'approllrtirte 
' l\rzt't rtt<l \latrier (1959) used the

tťnll 
..gíant Í'rrsiÍilmr celIs' ' l irr \'Es.

Intene|ationship with olhcr tvD€s

i l.;;;řňji 'És is unknowí. However, it is c<rnceivab|e that they

..,.: .i.ň.ii.i..;;', pt,,' .o ho. b..n suggestctl by Gupta and Suthertand

,' i i i ir. r-.,, untl ( l i l lx'rt ( I 9{i6) trrnsiJert'd them a variant fom of PLs'

i;;;;ffi;i; i''.,|.l ( l97{). 
..the.v seenl to <rcur mainly just prioÍ to

pupation, lrrtt trevt'r in l lrge nrrnrbers'"

4.33. Additiona| miscellureous hernocyte typ€s

ln addition to the alnve nine heme.y,te ý1rs, seven| guthors have'

i..* o*. niir-., Íeported hemřýes, many or ď| ďw!!{!nve not

i,.* ;;;;ňí;;l.pi.a - for examp|e: 
..hremm}tob|ast''.of Bogojav.

ňili;93;ř.1;".ot'l""r' of Awy and.Galr 1 l íX6) an<l Árvy ( I9ýl) ;
:nffi,].|.-'í"ra;; 

"ná 

;b..hu.**.yklid'' of'Yeager (1945) and Jones

(195O), respectively. Yeager also introduccd the term "nernrtocvte'"

hlň,irmíiii.r'i, *n,k,"u.J the terms ..lamellocyte'' uť ..crvstel

.=íi; ir*iit...*"s adopted a|so by Whitten (1964). Aaording to Ar.

..,iá ris?ill..y.ái-Ji.."na l.me|imytesirre ionsidered variants of -

I-
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( ) l . , r r , ( l l ' 1 . \ . r . s y r . r ' l i r t ' l r . ( i r r l r t . r r l i ) t i l ) ) i t l \ { ) \ t r g { ( ' \ t ( ' ( l t l t : t l t l l . t t l r -

r . i i , , ' l l r r p r , ' l ' . r l ' l r . r r r ( ) l ' , . l c r r r r . . t t t h i t s  s t ' l t t t i l i r r r r t t r ' l l " t l \ r r . t r L , r l l .
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l l x l l ' .  . t t t t I

,  r ,  . r ,  r r t  t  l l l .  r . r r r c r l i r t  l r .  i t t  t l t c  t r t L r o i x  l r .  ( ) nnnp l r udo r l t i r u  y , r '

I t  l l | . l ' , l  
. / ' , l  

l r . r r r  l t t t r l  l I r l l l i t t r t t r r r  t l í ) 7 : l )  < l t ' s t . r i l x ' t I  t h t '  l t t ' n t r x ' r t . '

t l r r , , r l l , , u r t , , r r l  t l r . r t  t a l l r  l ) i r i l  i n  ( ' t t ( t l ) s r r l a t i o t t  i t r  ( l u l l i p l u , n r

,  r r i t l t r , , t ,  t , l t r r l , t  ( 1 . , r l r r r r ,  t  r r l . .  l ! ) 7 5 ) .

\ .  r ,  r ' r I  r . . r r s  . r t l . r .  I  i ( ] t t t r l a .  t í l t i 9 )  r t ' 1 x r r t t . t l  t l t i l t  t l t r ' l r t ' t t t t l t . 1 . t t ' s  i I t

. , . . , , r . r l , , r , l , , r . , r l i r r . r . r t r l r i l t  t t , , t l x e t t t t t t t l i t ' t l . ! o r t ' r i r t l t l ) l ( ' , t s o l t l l i l t

\ ( . r .  , r r r ( ) r r (  \ l ) l (  r \ ( ( ) t r .  o t r l r  
' l ' l t t s i t l l t t r a  

l t a< l  l l t ' l ' l t  s t l l ( l i ( ' ( l  A l l l ( t t l g

l l r ,  ' , r l l r , r p t . r r r i r l  q r o r r p : .  l s op t t ' r r r  l t r ( l  ! l t t r l ) i ( t l ) t ( ' r {  a r ' a i t t '< l  r l t r< l i t  s  l t t

l i i (  | l (  t I l l l ) t l ' I l ) l ( l  . . , t t r 1 l I t ' l '  t | ( '  i | ( 1 1 | | | | i t  r r í  h t . r t t t r t ' } , t t ' s  \ . i t !  i | \ . | i I i r l ) | ( '  i t I

/ , , r , r p l t  r . r .  l ' l r t l r i r . r g r l l r r r .  ( l r r r r x l c r r t i . t .  i t n ( l  
' l ' l t \ \ a r l { ) l ) t (  

r a ;  a r r t l  f i r r t l l l

.  '  l l ' ,  g r  r i l ' , 1 ' l I r ' r , l  g 1 , , r t ; , .  l r ť r t t r x  r t t ' s  \ \ ( ' r ( '  t ( ' t  t ( )  l ) ( '  s t t l ( l i ( r l  i i l  l l { -

I . l " , l r , ' f l ,  , r  \ l r ' , , r p l l r . r . . r r r , l  S t l t l t r t t t a p t t ' r t .  I t  t ( ' ( ' r r l s  t l r t t  s i t t t a t i r r t  h t s

l  ' ' ' ú t  ' .  r r  l r t l | .  t r r r , r  t t , r . r r .  l i r r  l t t , t t t r x . r ' t t ' s  i l t  t t t r l s |  r l Í . t l t c  a l r r t l . r '
, r r , , r l  \  r ! (  . l r l l . r r r . r i t i t t (  r t r t r l i t s .

,
I  L  l l t ' r r r o c r l t ' t r p c r  i t r  v a r i ou s  o r dem

I r r  l r  r r r : . , r l  l l r l  r r r r r r r l r c r o l  sDc t  i t ' r  s t t r< l i t< l  i t t  v a r i r t t r s  o r d t ' r s .  l . t l l i t l o l l -
,  i i  l l \ r r ( r , ' l ) l ( r r r . ( i , r l t o p t c r i t . i u r ( l l ) i l ) t ( ' r a i r i ) l ) ( ' . r r t ( t l x ' t l l ( ' l l ) ( t s t ( \ -

l r  r , . r r ,  l r  . t r r r l r t r l  r : r , , t : p ' .  l r r  r , L l i t i o r r  t o t l r t ' l l t ' t t ' r l 4 l t e r t .  l l t l l t o l l t t ' r r t .

, r , l  {  ) , 1 , ' r r . r l , r .  , r l  u l r i t l r  , , r r l r  r  l i  r r  s l x t i c s  l t a v c  s o  l i t r  l x ' t ' n  s t t t t l i c d ,

|  ) r  r r l r . L 1 l I r  r . r  l , l .  r . , 1 l I t  t . t .  | . t i t . l t r r ; t t r ' r a '  l t r t l  Th1 . s an r l 1 l t c r i r  i r ( ' t hť  | | r ( ) s t

r ' . i . r r i l  . l l r r l l l . l  g r . , . r t , . .  | | l ' l r t r x ' l l l . r  . l í . s t ' r c r i r |  i n s e c |  l l r d e r s  a r e  t t l t -

i : r , ' r r r r
\ \ r r l , ! l r r , r r l t r l i i ' r r , r l t l r t  ( ) R a t r t l l t r t s r i l t l y , t l s , r P l , s , a l l o t h c r t l ? e s

' i  l r r  r r r , r r  r t '  :  . i . (  r ( ) t  l ) r ( ' \ ( ' r t  i t t  r l l  i n s c t t  o r ( l ( ' r s  ( s e c  Ta l r l c  4 . 1 ) .  A c -

, , , * l r r r r l , '  \ r r , ' l r l  , l ! ) 7 { ) . i r l l  l t c t r t o t l t t t r l r e s h a r t ' b e t ' n r e p o r t c ' d o n l t

t t  ! ' t , q l '  r i , ,  \ ,  r ( ( ' r .  l l l l 5 ;  J o r e s ,  1959 ) .  \ l o s t  i n s e c t s  s ( ' ( ' n l  t o  l x ) s s e s s
l ' l i .  I ' 1 . '  , ' r r r l  ( , l l s  ( . t  t '  t l s o  ( l h t p k ' r  l l ) .

l .í '  ' Iesionrr lrphic hemmyte snd its dif ferent iat ion into other typ €s

I l r .rr r r ' l rortt <l t l . t  * ht 'n '  i( i rrpt l .  !979) thrt the grtnrr l tryte (GR) is

t lrt ,  plcr iorrror;>lr i t  l tcrntxytr ' ,  attd i t  is the onl,v lrenurcy-te type that has

lrtr.rr r ,prrrtrr l  i rr  .r l l  rtt i t jor art l trr)p(xl gr(ttrps, inclu<l ing al l  stt ld icd in-

rt ' t  t  rrrr i t .rs. .rtt<| t l t t .  ()tt l r . l rr4lhr lra '  The íi lI l r lwi l lg acc.r lrItt  r lí.t l re pres-

t ' t t t . t ' r r l  ( ] l . l  i t r  I t t r r ' t ' t l  i s  l t r s t ' t I  r t t t  An l r l l< l ' s  ( l 9 7 . l )  r ( ' i n t c q )Í ( ' t i r t i l t r )  ( ) t

\ . t I i ( ' t | \  \ \ ' ( ' r | \ '  l l l \  ( ' \ \ | |  ( ( ; t l l ) t i l '  l Íň9 )  s r r n r ' 1  l ' l . t l | ( . | | ( ' t | | ( X . t t ( . l i t ( ' r i .

t l I I ( ' i t |  | | l i l t l \  i t t r r '< . t r '  a t l t l  t l I ( ,  | | X ) s l  Í ( . ( . ( ' | | l  t r i l I t t | | | i s s i t r t t  r , I r ' t . t r t t t t  l t t i t ' r r r

l t l n l i t .  t ' | . I j \ t }  s t t t r I i r , s  r l í ' h r . l t t t x ' t ' t t . s .  A s  l i r r  a s  i r  k t t r l u . t t ,  ( ! | | \  l ] n l l t t Z

i i r x , r l r .  u i t to 'u  ( I$|7} .  l ]a r ra  ( l969) .  ( ] r r l l ta  ( lÍ ř i9 ) '  l r x l  Fmrrg l i s  {  lÍ)7{ '

ig ;s ' i , . . . . .o '11| iq1|  r l t  th r , l r t 'nxry tes  oÍ. the  A1 l t t . r ' r 'g r l t i l ;  ln ( |  ( ' l  t | t ( .

f,,,ri. ,, i if,,,.., rrrrr\s, lxrth Crlly'hol. l it is r'.tr.r'r 'rsial *'ht'thcr tht'1

slrrlrrlrl lx' irr<'IrI<lul irr A1rtr'4'grlta) iu|(| 
.l.h',sanuÍl 

1xlsst'ss-'(JRs. A||

ltig|rt'r rrrtlr 'rr rrí.i ltsr.t.lr tx)ssťss GRs (see Tall|e 4' I ). Stlnt. rl l 't ltr ' ntrxt

,, ' i.",t 1'l l\l stu(li( 's (l{(ti l i i l i lr). et tl., l 'ff i l l , 1970; }l*crwaltl an(l Bortslr'

i iňi. i i..,{.' l, i" ' ' '  l97i; }tt,rarr l97l;.Sch*ncr' l972; Rltc|iíl i.arx| Pritt..

igii. ti. ' iÍi ' ' .t iu|(| (;rég(}ir('. l975l Bt'atrlatrrn arrt| \ttrn1t;-ssirr' lÍ)7íi;

t t , "h . . I i , , c t t | . . l976;Ratc . l i í l i ' c ta| . ' r976;Rt lu ' I t ' r . i rn t |Ratc| i l l i ' , l 97 f i ;
tt.^.,l. ' ' ' '  lg77. S<.hrrrit lntl Rnt(.|iíl i. ' l977) har,e r(' l)orte(l (trr.catr lx' irt.

tt.nlrcttrl trl s|ttrrv) (iRs itt r'arirrtts ittst'cts. Thr. tnost highl}" sl)ťťiil l.

izttl ncrlrrr1rtl 'rrl i<| on|ers also p()ssťss (;Rs.

Si,r.e it 
. l,u. 

l '.. 'u Íťp(|rtť(l by s.. ',.rt| authrlrs that (x|e l|(rt|(X'!'t(.

tr 1* .ru ou.l tL x's <li l l i ' it 'rrtiate i nto another type, it is crrncrivable that

<irrring t'r 'olrrti,nr thr' plt'sitnrroqrhic GR differcntiated inkr other he-

;' ';;.ň.i ';. ' ' . It ean llt ' 1rrlstu|ttet| also that the GR rlrigitratcs l it lrr thr,

,. '. lnll".i p*,l*,n..reytt,iPR) rlr stern (ťll an(| grrs thnrugh the plrrsnra-

trr'r1e (PL) stage lr"i i lrr' lrc.trning a distinct GR ty,pe. tn tďn it} *'hich

.,,1r t;tt, hu.il lu'.,t obst'nt'd (t'.g.. Xiphosrrrl)' the PR anrl PL are

rrr.'r. '11 ,'t,,rta'ra'"nt stlgi '\ i ltt(l lr l c ttrlt lchievt'<l rl istinctness as tlpes'

irr taxt that art' repttrtetl t(t lx)ss('ss otht'r t-rpes lrcsides PR' P[-' atrd

tiirlii'..i*i p.'t'aps íi.rther.tlill.erentiriťd.into sP' AD. co' and ()E.

;;;'";;.;;;;i' i. it'"r..t"'. The post4R (liílťrťntiati(n| is gtneral|1'
tcconrpanied b;- distinc.t PRs and PLr' l.urthemrore, in thť moÍe

ili*i.ii]..*.,ň..r i"xa tny of thť t-yp(,s nra!'lE supl)rťss({l. The mf,ín dif.

ir.rcrrtirtiort l)ilth$!\s ts lxrstrtiate<l alxlve may lr rellrcsentt'd as

slrorvtr itt tlrt' tliagrarn
SP

PR - PL - GR <--- AI)

\ 
==---",,

- . 4.6. Phylogenetic siSnificrnce of hcmocle typcr

The prrls1xct of using variatiorrs in hern<x.vte tyl)es irr Bňous iDsť(.t

ordeis foi phr'logenctic corrsiderttions is severelv- l imited os'in{ to ( I )

S l r r r l l t r r l  d t t d  I u x t r t t o t r t i t  s i g t t i f i r r t r t l l

S lnu tur (  t tnd  lu*tnor t r i t ,  s i t lu i f i tunt ' t ,  l l 9

rr'. 'r, rcalizr.rl irr tlrt ' ortlrr4ltenri<1, h<rrripteroid, ur<l rrerrn4rtcroid
l i r r t ' s .  l t  sc r . r r r s  t l r r t  l rv  th t ' t i r r r c  th t 'o r t l x4 t te ro i< l  l i r re  evo lve<I ,  thc  p le -
sil lttrlqrltit. ()Il lrat| .rIreatly' rl i l l i 'rerrtiatetl intrl a|l the tl istinct ýpes
1lrt.lr,rttIl kttrlu'tt itt l)t('n,g()t(' ittset.ts, atl<l that nrl Íirrther ev<rlution in
tlr<'lrt rrrocr tc tr ltcs rr.trrrrt,tl lrevrnd that point, It is rlnrlrtl ir l whether
rr.it lt irr tlrt ' rlrtItt4rtt'rtl it l grtttr1l tny, 1llr1'lrlgenetic sigrriÍicarrce <lí.the he-
Ir)()('\ t(. t\,l)(,s t.rists. 

.I.lrt ' 
tttttrt|rt,r ttí lretntrcyte types reprrrte<l in r.ari-

o r r r  o r t l t . r s  o l  t l r i s  g ror rp  (sc t ' ( i r rp ta ,  l96g;  Anxr ld ,  1974)  i s  so  Ia r iab le
t l r r r t  i t  i r  r  cn  r l i l f i t . r r l t  k r  t l i s r . t ' r r r  a r r r '  l th r ' l ogenet i c  t rends .  Or r  the  i ras i s

Fi& {.l{. l)idgÍllt| íhowing distňbution ('f vďioug hem(rytť ty1nr in Íor wolutlm.
Iry lines (groups) ancl in symphylsn ancestor (rf lnre(te. Nde thd llrtrd rxdcn undcr
each ťvo|util)nary line ere on|-v sme enmp|el ďrcprercnutive ordcr' no. R*
srily those in which hemÉÍť types desígleted undel ex'h evo|ut|onrry llre *
pÍesťnt' ÁD = Ddig)hemft1tei co - coogulrryte; Cfl - gronu|x1tc; Ql . an*'y.
klid; Pl, = plasnrakx'}l('i P() = txd(Éyt(.i PR - prrrhemeýe; SP = spheru|aýe;
vť x !ťnni(.\lť, tFronr (;upu. lfi9)

I  l 7

oE

I  l u  \  l '  (  
" t t t t t t

I . r r  L  . , !  r r r , t | . r r t r r  l r ' r r r r l r r . , l r r q r .  . r r l t l  l r r ' t r t ' t .  t I r t .  . l i 1 Í i t ' r r I t l  . l |  l ' s t i r l r I i . I r i r r I

-  ( l r t t t l t J r i \ , , r , ' . . , r r t l  ' i r  P r r r r l l r  " l  
t t t l r t l t t t l t t t t : i r t  : t t t t l i t ' s  ( t l  I ) r ' l l l ( x \ t ( '

t u u l . , , , l . , r g . , ' , r r r r l , , t t 1 r l r i r . r l t s r r l l l t i t t l ' t t i r r t ' o t r l t ' r s l o t ' l t a l r l t  
' l t t '

"  1 , , ' , 1 , , , r r  r r r r . . r r r r r , q l . t  r , , t r r l r r r r , , r r . , r ,  l l r t , l r r s i . . l  i t r r l t . r l i . r t  \ i t r i i l t i ( ) ' \ .

'  l l , , u ,  r "  l r .  r r r , x r t c  l r 1 x  ' . r r r r l  l l l l i r  t r t t l l r t  r i r " r l  \ ' t l i r l l i ( ) r l \  i t t  t t t i t l t l  i l t -

' , t l t , r r r l t r t , t l (  L l l r ) \ \ l r  l ) ' r ' t t l r t  r r r r t r t l r t t  r r l l i ( l r l ( ' ( \ l r  l \ l l t \ l l r \ ' l l i _

. , r ' . . ' r . l .  ' .  l t . t r r ' . t t r r  l l | r r l t r { r ' r l r ' l i r  s i ( l t t Í i < . i t t t t r ' i  ' \ r r r r r l r l  r  l | ) i 2 a ' l r .  l Í ) 7 6 )
^  

. " ' , 1  \ r r r , ' l r l . r r , , l  l l r r r l '  l l ) i l r l  l r a r t  t t t l r l  l r t r t r " r ' r l r ' '  i t t  i r t s t ' t l  t i t r o t t -

, , t t t r  . t r t , l  ' t  r l r ' t l  . r r t l l t r r t '  l t ' t r r ' ' t t t { t l r ' r t t  r l  s t t  ( ) t t l t t r t  l l } 7 1 ) )  t l r a t  r r r r t r t

l ) l t \ l { i ! i . ' r . t t (  r r , l . r t r ' r r , l r i l r  l l l ( } l t q  \ i l I l ( t l l \  l r t t l r r o l r r l  g t , r , t 1 l t . i , t '  l u

, 1 ,  r r r , , r , . t r , t t ,  r l  , , r r  l l r l  l r . r t r '  " 1  
l l r l  r x l t t r t t  t r t t  o l  t l t t  ( l l l  ' l l t r l  r t t l t t  r  l t r ' '

l l l ( x  \  l I  l \  l ) (  \

\  t l r r ,  u  , , i  l l r l  r r r r l r t  l r l r r l r t r l l  l i t l t ' t t r t r t  i t t r l i t r t t t r  r r t t t t t  p l n l r r

( r ' t r t  t t r  l r . r t i l '  r r r  t l l (  ( l i \ (  l \ r t \  ' r l  t l r t  l r l t t t r x r t t  l r l l c r  i t t  l l t r t ' t t ' t  a r . r r

f t o t t l ) . t \ t l r (  r ' r , r l r r t i o t l . t r r  l ' r k l t ' r i ' r t t < t ' t r r k r l r l " i l : '  I  l l i ' l ' l t i s l v i t s r t l r -

. ,  n r , l  t l . , ,  l , '  \ I r r " l r l  r  l ( ) 7 1 1 .  ' r l t l t ( t r t { l r  l t t  ' r t t r r l r r r t c r l  t l t i s  r l i r t ' r s i t l

l r r o t r ' t r r  " s l r i l l r  i t r  t l t t  r ' l t l l t l l ' r r t r  ( t l l  ( 1  i l ' l l l l  l t t t r r ' l t . r r '  " r  r t r  i l l r " t r s i t ' ( t r -

r r r t r r t , ) l  l r t l r ( t l o t s  l ' r  r l i l l i r ' r r t  t i " t t t ' '  t l t l r t  l o  l l l t r l o q t t r r '  \ r t t l  i t l

l ,  r . l  t r r  t  t  t l l t i r r  l l t \ l . l l l (  (  \  l t c  r l r ' t r  l r t  r i ( l r t '

\ .  l . r l  . t r  i r  I r r r r r r t r '  l l t t I r  l ] r t t t r t z  ( l t , ( ) | t ) .  \ t i l I r L r . r  l  l 9 . t ; ) .  l } i l ť | l |  {  I | X j ! , ) ) .

( l r r p t . r  L l l X i l ) r . , r r r r l  l i r . r t r \ ' r i *  r l ! ) 7 1  1 9 7 5 )  l t a r t  s ' r r l t ' t l  o r t  t l t t  l t t t t t r r

r t t ' . r r t t I r t ' . \ l ) t ( . Í \ ( ( ) l . I i l t l t r l r l t l t I t t . l l l t : i s r l t . t l t t ' s . . r v t l r I s ' ( ] r r l I t ' r t r l x l I a
-  

l x | \ ý ' . .  . , ' ' l ,  i | r . .  1 r I t ' s i . l r r . r 11 r l t i t .  
(  ] l l .  r r  l r r ' r c t :  t l r t '  T I r 1 ' s a r r r r r a  ( [ , c 1 r i s -

t t r i t r ( l i ( i . t t t t t l , r p , , t ' r ' s ' l ' I . . ( ; l i  S l " t r t ' | ( ) ( )  A s r r r r r r i r r g t l r a t t h e T l r l -

l l r t l t t i t  r r t i ( i t t . t t t , l l  l i r , r l r  S r r t r 1 l l t r I l r - I i L t . . r l r t r . . t r r r t .  a r t r l  t l r i ú  t l r t ' l a t t t ' r
'  

l r r t l  l r t  t t t r t t l i t '  t r l x ' s  t r l l r p l r i r b k '  i o  t l r r r s t  o l  5 r  r r l i r " r l l l l  ( ( l r r l l t a '

l g f i t J ) . s c f i i ' , I  t l t a i  . , r t t h r t t i o t t l i " r r n i r t l ' l { ' P l " ( ; l t  S l '  \ l )  r r r r l ( l ( ) )

i r r  t l r r ' ' l l t t l l l l r l t t l  i l l ( \ ' s t o r  t o  l i r r t r  i l t  t l r e  Thy su t r u r l  l t i l s  o< t r t r r t ' r l  l

1 r , , t ,  , , , ,  , ' .  i , l . ' r t . , ' t ( t  \ l l ( t { ( ' \ t  r r l r t ' t l r t ' r  t l r i s  i s  a  r t ' c t l t r r l t r l  s t l p l ) r (  \ \ i ( t t l

i t r r t l : r t r  r t ' t l t t t l i , t r t  o r '  ' t '  \ r r r r l t l  ( 197{ )  s r r q ( (  \ t (  ( l  t t t r i l r r r t r l r k ' t o  s l r i l t s

i t t | i t t t t . t i t l n s . t t i s a | . . l 1 l l l r r i l l I l ' t I r t t l i r t r r r t ' r t r r l l i t ' : r r ' i l I r t . r r . i r l t r r t r r e

t 11x ' s  t l r a r r  a r r '  l t r c s t  r t t l l  k t l r t r v t t '-  
' \ . . . ' ' , . l i ' 'g ttr () irr1lt , l t tr ' r  (|Í)7(i),  the t l t ' r i r .rt ion rrftht 'Ptery'gt l tn l i rrnt

t h t '  i l 1 ) t (  ngo t ( '  T l t , , , u t t t r u  i s  a l l t t o s t  r r r t i v c r s t l l l  t c t l ' l l t c t l  l t  i s  a l s r r

q t , r r . . r : t I l 1  l , . . l i . ' . . r i  t | l a t  t I r r .  1 r t t . 11g r l t t . s  t ' l r r I t t ' t |  . t I r r t t g  í i r t t r  t ' r r t l u t i l l r

, ,^ l i t t"t ,  pak'rrpt lroit l '  ort lroptcroit l '  hcruiptenrit l '  ant l  trertrttptt ' r l r i<l '

l t  is i trtt ,rt .st irrg trr t '()tť 1l. ig. {. l{) t l rat in the Palacoptera, althrntg}r the

ttrtttt l rt ' r  of l t l ' l t trxvle tr lx:s hts ttot i t lcrt ' lst ' t l  fr l ln the rureestral thy-

\r|| lIrt|| l t l t||| lX.Í. t|rt '()!] l rrs alrr ' i r t ly. ttr i rt l r ' i ts i r1lpt ' l r tatrct. in t|re vcry

,  I n ' q i t | | | i | l {  ( ' l . t | rť  t . l  t t | t t l i r r l t  r r | . r r ' i l r g c< l  i t t s e c t s .  l t t  n ( l ( l i t i o n .  t h t .  PR  h t s

. l<. lI i r .r  t '<l t l ist i l t t ' t t tt . .s '  t l tr l  t|r<' ()() is t ' i ther suppressc<l t l r  i ts í it l l<.t ir ln

i l  taLt,t l  r l r . t ' r  l l r  t l rt '  ()R, rr 'h i<.|r is gť||(,rr||t '  t l tr ,  c irst '  i tr  strtne rrtht 'r

i trt l trr4xtt ls {tr lrrat ir '  Olrel ict ' rttn nntl  strnt '  ( lnrsttct 'a) '

r l t i . t l s . l t ' r i t l r ' r r t l r l l r r F i g . { . 1 { t h a t | x , ; . o n t l t h e l r t l t l l l l t e r l l i r l | i t t r '

t l tr '  t tttttt l l t .r  rr l  l t t ' ItI l( .\ t( '  t\ ' lx 's i t t(.rease<I, ancl a|| thr '  s ix trr st ' r , t ' tr  t), l rt 's

Ňfu ioPt tnoIo  l l t l
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I  t l l  t l t c  i t t | i l r t t t l t i r l t t  1 r r t . s t ' t t l l r  a ra i I i r l r l r . '  t l t r . l t t . I t t t l t ' r t r ' t r1 r t , s  r t r r  Í i r r t t t

(X) . . \ l ) ,  ( ) ! ) )  t r1x .s  l r i r r c  l r t ' t , r r  rL , r tu r r rs t r t t r . r l  l 1  ' l ' l i \ t .  ( r r r l i r r t r r la t t , l t ,
.  l t r . t t t . r  r  t r . s  r r I  r t , r  t . ra l  l t r . r r r i1 l t t . r r l i r l  . , r . | . , r ,  I tu '  . '  t | ( ' t  l ta . t |  \ t l | ( l i ( . í |

( ( i r r1 l ta ,  l$ iÍ) ;  . { r r r r r l r l .  lÍ)7 '{ ) .  t t t t t s t  r lÍ . t l t t . \ r ( ' rk  lX ' i | | t .  t r l t t f i l l t ,< l  t r t  u  l i ' r r '
sp t ' r . i t . s  i r r  t l r t '  o r<k ' r  i l c r r r ip t t ' ra  lPo i ss r l r .  lg2J ;  l l r r r r i l k l r .  lg : l l ;
Nrtnrrt. l(ř i"1; WiggIr'srr'rrrtlr, l955. l95ti: Jtrrres, |Íři5; [.ai.}.txtk'
l97( ) ;  Za i . | i  a l t t |  Kha l r .  |975) .  ! - i r t .  (PR.  P l , ,  ( ; l t .  ÁD,  ( )E)  t r1 r t ' s  l l r ,
I i r :h t  n i t . rosu\ r r  rnr l  l i r r r r  (P l t ,  P l , .  ( ;R ,  ( ) ! l )  l r r .  l ' E \ l  s t r r r l i r s  havt ,
Ix'err it lerrtif it 't l ' ' l . ltt ' t1rpart'trt irl lst'trt,t, tlÍ.SP arrtl C() in th<, ht'nritl-
tt 'roitl grortp ts t rvltolt is prolnlrl l tttri lrrrtalrle to lack ,,1 enorrch .trr(l-
i t< l  s1 l t ' c i t ' s .  I t  i s  l l iÍ I i c r r I t  t ( )  i | r t rg i l I c  t l r l t  thcse  tu . t r  t r l r t . s  l t . t l e  l l r ' t . t t
rrrpgrrcssetl irr tht, ht,rniptt,roirl or<lers.

ltr tlre trt'ttrtr1ltt'rtl i<l grurp' rvr' Íintl the sťvell l l|aj()r tr1x's (PR, PL'
()R, SP, AD, C(), OE), althrnrgh not all thest,tvpes havt, lrecrr rt,ported
Írtttl l t ' lrch rlí.the tlrdcrs irr this grrnI1l (()trpta. l969). iuttl trtlt it|| are rec.
<tgrrizt'<l as tvpt's by all tuthors. As a nrntter oÍ.Íilct, tht' ty'pes tl{.}tt'ttttr.
(ttes relbrted tary widely (,\,ett tithirr ln order in this grorrlt. F.or t,x_
anrpl(', ts,o to seven types have been reported in Leli i<krptt,ra,' Colc'r4ttera, arrd l)iptera; fivc \ ltes in Hymenoptera, Nerrroptt,ra, an<l

. N|egaltlpterir; and on|y thrťť (PR, PL' GR) in Trichoptera (st.e cupta,
- 1969' Íilr various |istings; Arnold' lg74). Since all the orders are highl},

t volved, it is quite conceivable tlrtrt rrrost or all nrajor types woulJ be
lirund in all the orders u rnore strrdies lrcrnne avail irble.

4.7. Summary

Among arthropods, henle'!,tes have lren nrost extensivclv strrdirrl in
inseďs' A unifom hemrcytc classification is sti l l |ackin{ Íár insects as
well as for other arthropod groups. There is drsagreement among
insect hemirto|ogists about the nrrmber of hernocle ýpes in vari-
ous instrts. From. one oÍ a few to as many as nine oÍ more types
have been described, particularly by light microscopy. Ultrasiňc.
turally, however, only seven ýpes have so fu been idintiffed in vari-
ous insects: prohemcýe (PR), plasmatmle (PL), granu|myte (GR)'
sphemlmyte (SP), adipohemocyte (AD), renmytoid (OE), and coagu_
lmyte (CO). Of these seven, AD and CO have been described bv oiilv
a few authors. All seven ýpes have been described under various

. other nmes, and these synonymies are mentioned. It is suggested
that of the seven types of hemmytes' the cR is the p|esiomorpÍc he-. mcyte ýpe md hro evo|ved into other hemm''te types' I have postu.
lated that the CR originates from the PR and' goei úrough the PL

. stage before beoming a distínct GR type. In texa in whic}r on|v cRs
have been found, the PR and pL ue merely evanescent stages and
have not achieved distinc'tness as typ€s. In taxa that.'. ,.po,t.d to

s ' ' ] r ( . lu11, t t t td  t l l t l l o l t i l ' r ig lý r r r r r l l '  l ! l

l x r s r t ' s r  o t l r c r  t r  pcs  l x ' s i r l cs  I 'R .  I '1 . .  u r t l  ( ) l t ,  t l r r '  l as t  l i r r thcr  < l i l l i ' r c r r t i -

i r t cs  i r r to  S l ' ,  A l ) .  u r t l  ( )} l .  t to t  t t c r t s .a r i l y  i r r  t l ra t  o r tk ' r . ' l ' l r i s  gxr . t - ( iR
r l i l l i ' r cn t i r t io r r  i r  ger rc ra l l r  u t r r ru lx r r ied  l r r  t l i s t i r r c t  l )Rr  l rx l  P l . s .
F r r r t l r c r r r ro r t . ,  i r r  r r ro r t ' l r igh l l  t ' ro l re t l  tana .  t s  s t l l  l s  in  v r t te  k t* t ' r
(tr!('5. {tl\ rlí.thl' tr 1rr's trtlrl l lt ' stl1r1rrt.ssr,tl.

.{ rcvicu ol l lrt. irrst'ct lrr.rrrrxltr. l itt.ratrrrt. irrrl icrtt's solrt' grhllo-
gcr r t . t i t  t r t ' r r r l s i r r th r '< l i vc rs i t l  o l t l r t 'h t ' t r t tx r tc l rp t ' s l s t l r t ' r ' ro l t t t i r l t -
ary larklt'r is asccrrrk'<l irr lrrscttt.

Acknor'ledgments 
'

| | l ' r l r a t l ' r i a l  l | f t . Ý . t l t l a I  l l I  l h i '  ( l l . { Í l 1  r .  r l I l 1 l r r l . u r . I  r r r . x I i Í i r r l  l r l n i l  ( ; u l } t . .  l l 9 ? 9 l

$ i t h , t r ' t t l r c l r r l , l i s l l r l  i l l r r s t n l i r r r r l h . r c i r r l r n l u l . t h r . r . r i c s s , r r k l r r i l l r * c l x ' t r r

1x  r r l i I r I t  '  ! i  r  pn  l  x I i  | |{  t I l '  $  i th  I ) r i  t | ( \  ( ' í  l l ' ca t i  l  e .  l r l I  a |  | r ' s  i  nq  | i l l .  k '  ÍťpÍíÍ|u(1 '  th( ' lÍ

l l ' | ) | i shť(|  i | | l ' \ tÍ{ l i (n l \ .  I  l | ! |  i l ! ' \ l  iD( le l i l ( . ( |  | '  l ) r \ .  l |  {La i '  R .  J '  l |ac rua| r | '  \ '  \ | '  ( i x .

t in .  ( ; '  l ) c r  lucho||c .  J '  l . ra l r s r r i . '  ( ; -  ( ] r r l } i r r r{ '  ( :h '  ( ; r ( i ( l ' i rť .  A .  \ . .  l ínx|  ( l i ' r  thť | !k .  Dr '

\ t .  l l ngr4r ia r r ) .  . { .  K .  Rr ina .  ( j .  Sa l t .  a r r l  S .  S i l k r .  I  i rm gra t . l i r l  to  l ) r .  J .  W.  Anxrk l  l i r  h i r

c r l r t l l . r r t s  l t l |  s r rggr ' l t i t l r s .  Tht ' t r r t iÍ ' c rťd i t  a |x|  |n\  ( | ( t ' l )  nppfťc ia t i l |n  lb r  pn1ur i r rg

n l |  thť i | | l ' \ t r r l i ' i l l \  ( ' |  { | ' i \  r{ \ iťs  ( ( '  t |  l ) r  ) . .  
, l . '  

D* ln r l  \ t r .  S .  l l -  Rurs*an1 '  I  r in .

rc re| r  ap1r r r r ' rak '  Ih . .  \ťcÍ. l i r ln |  . l r r i s ta r t r .  r r l  \ | r s ' . J r lu r  ( i r r r ss .

References

At .a i .  I I .  l !* i9 '  L ' | t r ! \ tnx l l l r l . r í  hae lxx ' rk ' s  r t l l s t 'n t ' r |  on  thc  l i t |xx| r , t r ' | | l  in  P| t ' ío .

Ý ln t i í l  duňng nt{ l |n l  rq) lx r i i r  '  l l x r  '  / '  .  rpp l '  uno i lú l ,  L , l  '  l : J '  |7  -2|

A| ra i .  l I .  '  ant |  S .  Sat l '  l  97 l} '  t . I t r l s tnr t{u  n '  o I . thc  |an J  henx x .y te\  l í  the  \ i I lwon i l .  8or , .

Ďur llrri L' (lr'pitltlpt.ra: Brlnb1 cir|ue)' lrl ' J ' lnstcr 1loryhol, Entnrl ' 2l3|:il|i -

3 1 .
Ákess.rn. B. lí}45. ()hf^'ati(ills on thť hneilÍx.|k'\ Í|uÍiilg thť nrťlanÍ)rr'hrxis rlf(iol.

liphoru cytltottphuld ( llťi'{' ). jt í^, Zll,l' 6t 12 ):2()3 - l l.
Arnrl|<l. J' W' |952. The hlemrx.vt'r of the \lcclit.nancarr 8trtr ntxh, ř)1/rerÍía *riň.

tlitlla Zt'||, ( t/pi(l()pl(.Ía: Pr rrI i<li<iac ). (:rrl. ,l. Zrxll' 'Jí,:]]52 -6| '
Anxl|tl' I. w' l97()' lraenrrx'rter lrfthc l'ar'iÍit'|x.et|c crrkJ|Ach.I)ipk',il?ru lrun.lnta'

(:un' El l  t tnol '  lí l j l7):&]o-5.
Anl l|r l .  J.  w' l972l.  l Iatrnlx}ro|l l{\ in i i lsť({ |) i .)s}\t(.nrat ics l  The prosp('t .  cdl.  En,(}

ltt l '  lí! . f i55-9.
Anxlttl' J. w. |97!lr' A c.lnpuratirc snr|1 oíthe hatrnrx1rer (b|ux| c.l|s)ofcrx.i<nu.hes

(Insc(tl: Diťt\1'tÍťra: B|anilri{), s,ith a \ i('s,ofth('ir sigDiffcan('e in trxonmy' (:dn'

Ii'úonuil' l(X:3U).4l].
Anll|d. j. w' l9/4. The henrt'lrcs ol. insccts, pp' 20l -54' rn \|' RŇlstr'in (ed.)' Tň.

Phgslology of lnsecta. Vol.5.2nd cd. Acaclenric Press. Ne* Yorl.
Ánxr|d, J. W' t976. Bimvsternatics rlfthe genus Elroa (lr'pi<|optea: !(e.tuklae). VIll.

The hemrrvtrr|ogica| psi&rn of ||' lx'ltllrilťi iD tlte 
..dec|aÉte 

*Mp,,'C4n' EntG
nnt. l$u:138i -.\1.

Amok|, J. W'' and C. F. lIinks' l975. Bi('sysk{Bltics ol thť gcnus ťuxrv (lzpidopren:

\(ret|li(h('). tlI. lIernrx'ttoIogica| rlistitrcti('l\ |x{s,ťen two c|osely re|ďcd rpecier,

E' cnn4x's|ril .ttld E. du.larutu. (:4n. L:ntonú,I. lí)il l095-|l(tr.
Anlttt|, J. W.' and E. tI. Sa|keld. 1967' \rorpho|og-v of the hcmcýes ďthe gimt cc*.

rruch, Blalx,nlr r'rÍtilll\t!' with hi$tú.hemi@| tests. Con. f,ntlrmol.9o:ll3EJ5.
Anll|<l, J' W', trrcl s' s. S.rhi. l9?{. Hr'mrxytes ď.Valocoroma di$slria Hůber (kpi.

dopicrr: l-rirrrnrpirtae): \lorphok{a.v ofthe c*lls in fresh blxxl and rfter crhiva-
t ion nt ťiíÍo. {:on. ] '  Lxt '  5J(4): ' l t l l5.

s l l | t ( . / | l l i  í l , t I l  t 1 l \ | , | l l , , | | i !  ' i r n i l i ' t t t t ,  {  l ] : ]

l ' r ' r r ' r ' ' r .  I  l t l ] ]  | | . r r r . r r t .  , r . , r u . r r r .  I r . I l | . ú t l l ! ' l t I l ! I I l t  J ,  l h l l ' t , u , ! ' q u , ' t t . , :

l 1 . t . , r r l  f  l ' " . " , , r t ,  l , l r ' r r r . r t L , l . r  ! " t  I  ! t " " r  \ l ' t t ' 1 " ' i  l u l ' t t ' !  l t  l ' - 1

, I l

t 2 :

I t . ! r \ . r l , l  l {  |  . r r r , l ( :  \ l  l t , r r . l ,  t 9 ; ( ,  l . i l r (  \ r n r ( 1 u r . { , t t l !  l r i l r r r r r r r . i l l t i r r l , / r r r i , r a
, , , r r , , i , , r ! a , ( ) r r 1 r , , r i l , , , ,  l t l . , r r , { 1 . , ,  s r r l r l , . r t r r r r l . i l ( . 1 , . , ( . , ( (  r ( , ! , r . r , { i l , . , i l , , , , , ( l l ( . .  /
I  l t t , t , ! t l u  !  l l ,  \  i l  l l l  r ' l

l l . , , r \ . r l ( l  l t  l . , , r , l L  \ l  l l , , , r , l ,  l 9 ; l  \ r , 1 , 1 . , , t . r . , . . , ! , { t , , , ( ! l ( l i , n , t i l r , , , o t , , r , ( , , { u l , , , t ( .
t t r  r r x  L r r l l  l r  | ' (  | | | . !  \ ( . . '  l  l \ \ ' l  (  l ' l l  j l ] .  : ; |  ( í )

l t ' l | ' ' l  |  \  | l x l !  l ' . ť | l I  l  l r ' . ( i ' l I r r r r l l i I r . .  | \ t ' ' | . l | { { . ( l ' l . i ' l l | . t r \ l ( ' r . r t r . r r r r r l r . ' r r . r r r ' r r
l r , l r r r r L  r r r r r r , r l . , ' r , , , , 1 , , , 1 (  l . r r ! r , ( , t ' , . , \ n . . . ( ) , l L , r r r l x r l r s , . (  l i  r { a r i  s , /  t i l , r \
] ó1 l )  l l ) l  ] j

1 i , . , , , 1 . , ! ' , ,  I  l ! , h \  E t r ' ( l ( , ' ! l ' . N t n , r { , , , . r L , r 1 \ r , x l r r r ! i , t r r , . i L . , q l . r r r k . , 1 , r r { l r r r r u r ; r r s

r L  r I r s . r r o r ť r r r r r r t r r r i l r i i . r ! , . { , t ( i l ! 1 i l i , . i l r ( , . r q r . , l . r r r . r r r , \ . 1  l , , r l r r r r l , r , ) r , , r i l ( r \ ( . \
l ( 1 . ( r , , r l \ . r \ ( r  l ( \ l i l t r r - ( , ' r r | ' , 1 r \ ( . r l L . . l r r [ r , x r t r r  I  t l t t i l \ ! t u t t  R , \  J i . l ; f

l t l . . l ' l l i l h ' ' | .  l . . r r l |  \ | '  \ | r l r 1 x ' l . r r r ' '  l l ) i 6  t . | | l . ' ' t ' l l c t l l l ( ' ( ' |  1 \ t Í t r l l l I t I i l . l l ( ' '  | | . . I l I l X \ | i ' .
l | ' \ ! l / ] . ' l l 1 l l x ' I l ' i ( ; u . l r ' l l . ( 1 } i ( l t 4 Í l ' Í i l .  \ l t . t . l . n ' r r r r ( l t r | r ' { | l | ( i l ' Í l | ' i 1 ' I l l  . i q i . I . l r
r r i f t . f . t ' r o l r r i r n t x v t t . s , p l i l \ n r n ! t r \ k s r . t { r r t ' u l r x \ t ( \ . /  I l t t i l \ l ú r !  l i | r  ; ; t ! ) . t t j l

B e i l r L t o r r .  J . .  . r ' ! l  \ l  \ 1 , { , t x  \ . ' r ' ,  l 1 ) i 7 .  (  l t n r ( r r r c h r n , ( , t  ( r h x . h i i l ) r ( . r L , r  h , r r r r , x r r , . r
( l ] \ x r l | ť r i l l t / , l , f i l q i ( ; r l t ' r ' L l , l ' 1 ; i t l r 1 t t ' l r . \ t t a r . k l . l ' ) . l l . ( i . l l r r l r ' \ L i \ t ) | ' ( i n l l { ' \ ( { t ! . ' l ( L

r r t r r l r . r .  Bnr l .  ( i ' l l .  2 , r r l I  t : ]  8 .
Br rg l t ja rk .ns l1 , '  K '  s .  lB32.  T lx .  fo r rnr r |  e Ic r r l r l s  r l l  th r '  I l I rxx l  (í  i ' ' 5ťťts ' . l ,1 ' . .  f i t l \

: t ru t .  l l i s l .  l i r rbp l .  l l :361-86.  ( ln  Ru\s i{ ' r . )
l } r r i k ' lu .  ( ) . '  r r l |  J .  \Í '  l , ( .Í f in| '  l9?6 .  Eh( l ( ' (k . s  h i r t r rx ' r t . s  r I r  JÍar .nŇúun tuúun 'h iu t

r - l  f  x rnas l  ( l f  r r r r l l r r r :  . { ,ph i< l i r l a r ) .  ( i rn . . f  .  Z t " t .  U  \2\ : !2U - : \ .1 .

Bn ' l l | | i r r .  \ | . .  D .  Zachary .  an<|  J .  ' \ .  t I l lÍTrnar r r r '  l 97Í i '  ! . r l x t ions  t |e r  gr l r l r r l rx r1r ' s  r r1 r r .
l1n ' s  t |ans  |a  c i cuh ise t ion  chcz  | ' l r íhop l i r r ' ,1ú'ur t i l  i l | i l t i l |o | i t !  l . .  l .  1 r i l  r t lw ' ,  I l i r l l '
( i ' l l .  !5{2) :  l } ' } -6 .

Br t r rgnon.  l l  ' ,  ax|  J .  R .  l r  Rcr t '  l  976.  F|ut l r r l t i r l r  r l l . t | r r .  I rcnr rx . r  t c  Ír l rn ru|a  arx l  h r r r l  r
l r r r r l r h v o l u m c i r r t h c c a k . r p i l l a r P n , r r r l , r a r : i l r . . | t t . Z , d . t i , r f  r r r r a r  r i r l ) : t - 1 2 .
( In  l .Í . .nch ' )

Bn|t|t2' l,' lg(Ili' \ouvr||es rechcrthcs sur l'('xcrt1ti()n t{ |a phag()('\1()sť (hť7 lt.s Th\.
sunourts' ',lrr'lr' 7ool. Exp. Cún. 38:{i|'1]Í].

( ]unr r ' rou ,  ( ) '  R '  l9 t} | '  ln l lm lnra t i<rn  in  thc  ca tc4r i | |a rs  rí ' l , cp i r | r l i l c ra .  l '  ?a|ho l '  Bae-
k'riol. ,18:{41 -66.

CaŤrxaltťŤ. F' }|. lc76. (;trl|ogit'a| hirton .rx| ('\o||lti(n| ()f thť i|tsťct' Proť' l5lll ,ill.
( : !nýr .  F .n t  onÚ l .  l97ó163-70.

Clarh, E. W., snd D. S. Chadlxnrn,c. 1960. The hernrx.rres of noniialxust, and dia-

;nuse lun'ae and pn1xe rlfthc pirr|t lm||wonn.ÁilD. |;nt0'k,l' s0ť Áll'r' ,í3:682-5'
co$tin' N' l|. l975. Hirkx.htnri<'a| obscnatirrns rll.the hilť'n(X'ťk's o|.l),d|stil niÉra.

toriil. lrilhx'hen. J. i:2143.

Cross|ev' A. C' 1975. Thr. cytophy'siokrgv of insect h|rxxl' Á & . ! nÝd Phgsid ' ! ! : ||7 -

9 , t .
Crrilxrt, l,. 11196' Ehldc\ phr'sk)|ogiqu('s suÍ lť$ ()ňh('pt.'Í(s.ArCh. Bill' H.Ůa.
Dtnnel l .  R. I9{7. A sh(lv ol i ln insect cut ic le. Proc. R. Sor ' .  l ln l .  18) IJJ:79-l  10.
Dr'r auchcl|e, (i. l 97 l ' Eiude illbstn|ctura|t des hi'mrr1les du Co|ir4Íi're llrlrllonllu

mtlolonthu (L). l .  I , l trortftk l '  R/r '  . ' ř ;492-5|6'
F.rar4rlis' J. l97'{' Ehxl(' UItn$tn'chrra|e <les hémrx.ytes du Thr'sarxxrrc tllruoĎil r/r"

'n,rr i .r/ I lnŠť({(' '  Apt.hglÍť). Pťílo}n)lo( ia l . l :|f i  -62'

( . . d l l i l l . l  ( '  . ' | . . | ( : l ' { ' t . ' ! . ' ! ' .  l ( , ] . l  ( i l r t r r | . r . t .  ' | | | . l . l t ] . I l . ! l ' . l t Í l | | l { l ! ' l t ! ' | \ t | ' l ' I l i l
(  ' ' d f  i r " ' r " " " r '  l '  \ r ' i  i  t r l  I ' l u ' t " l  u r u l nn '  \ !  I  ; r r ;  l ' l

( ' r . r l t r . \  l r i l  l . I ' r . l r . . l l l r r t t ' ' r 1 ' . r . l r . ' , r . | . - r  l l r . r | t ' r . 5 l l : / ,  \ Á n ' l  t , l l l l  \ . l 1  l t l . '

\ t r r r r b l { l  l l
( . r r  u r l r r ' '  ( ] l r  l . r i l  l | .  l r r ' , | . r r r t l l '  L . r . r t r l | . l | r . , r r  l  i i ř )  l í |  / , .  \ |  | t . " | . . t . . l l '  . . l  j  , / . .

I t , t ' r ) " : , t  l , ' , ' , , r ' ,  \ . ' l  1  i r ' , 1 , ' t  \ , .  ' r " r '  I ' r " '  \ ' s  \ ' r l
( j r r ' g r r r r r ' .  ( ] l l . . r r ' . I  \ |  l . . 1 ' ' r I r r '  l ( , : ý l  l ] t . I n l  1 ' I l { | t l J t t . ' I l  r r r . r r r l r r . 1 l . x I r  l  l l r .  . . , . ' c r r l r

t l l l t | . l I i I l ý l I l r l . " l l . . . . r r ' . l r , r l $ l I l ! t l I l ' l l l l . N ( ' ( . x I t ' . r \ | l I l | ( t l ^ 1 r l !  I , l u t ' d ( , m r
( ) " ' , / l l  l : b  | "

( ; i l i l r \ 1 , ' r ( .  \  \ . S . l t , l l l , r . r r r t .  r r r ( l ( '  5 . r l t  l ( N r ;  \ r , ' l , . t t ' r ' r r r r r r ' ^ " ' l x ' ' l r r t l \  r ' l 1 n l '

$ r l ,  1 , , , , , , . , r r , ' , 1 ' r  r i l * . r l ' 1 , ' * 1 , ' l l '  /  ( , 1 /  \ ' r  i : \ l  i ) :

( ' l l l i l . l '  \  l , .  l 1 | $  | | .  I t | . !  \ ( '  \  r r t  S .  l t i r r , r r  / / r r  t t t t t t t t u  u l t l , t  i l | | l l  t | ' l '  . l l | ( . ' ' I t \  . ' l  l t l ý r  t . '

\ r r l  l ] l r ' ' l r r ' ' /  \ l l  ' \ ' l l  '  í } /  L  l  l :  l ( ) ! h  1 )
( , r r 1 i l a .  \  | ,  l ! l Í ) ' \ t l ( | l ( ' . l í r l r t ' I r | . ' x l . ' l \ t r . I r l r | . l ' r ( ) r I t ' r 1 l r ' l . r . l  | | l r  I u ' r r l x r t r . ' t i l

t : | hd | | ! i l ť t | Ú ' | . i l  l } i i l \ k ' t ) ' . ' ' x | . | ' \ ' ! ' ' r r r r r r . ' l Iw . r r r . x r l r ' t . ' n I l i t | . ) | ' ' g i ' . ( ' ' l ) / . ' ! | l
; J r ! r : t l { x )  I  l .

( ] l r r l t a . 1 . | ,  | ! ) ' ( ) , \ l l ( | $ t l | ( . ' ' . l ' ' \ i n l . ' l ! i l d I l t n t ' i i l t t | i l  l ( i ' I r r ' | Í r ' r r ' \ t r . l . l r l . l ' t '  \ l ' r  l - l '

l r l l l l rr l '  Sr l  , tnr l  r ,  ďJ I i lJí i 'E '
( ; r r p t a . , \ '  l , '  l 1 | ; 9 '  \ l I l l f t ' t n x I  h r ' r r l r x r l e l  l r r t l  1 l l l r | . r g r ' r r r . 11 r  Í l i 9 . i } 5  l ' '  \ .  l l  ( ; ' ' p | J

rrr l . l . . trt/rrr '1rr l  l ' l rr l , rr ,  rr '  \ 'arr \rxtranrl  RcirrhoLl \crv ' l i t r l '

(; '||)t i l .  '{ I, .  .rr l|  |) '  I  Srrrhr 'rIarr l .  Ir ř is.  ()|)\ťni l t i t i l 's  r l r  thr 'rphl.nrIt rr '||.  l t ,  . . l t t .

l l l i t rrrt i l  (()frhlt)t l ra,.  Bul l  t  n!u*l Srx trrrr '  l l '16l

{:rrpta. .\.  P..  arxl  l) .  .| .  srÍhr'rIant l .  |96ř i '  t i l  . iírí) tÍrt. . l i ' r i l |st i 'n|\ lí t|tr ' ins( '(t l} lá\tr|dl .}
( \ tť itt  (t 'd l i l '  i ' ' \ťťt\ '  , '  l l \ťl l  P/ l l rn1' lJ: l j69.75'

(; ' 'Dt;. A'  I, . '  l r l |  I).  J,  Sr*her|.ux|. lÍJ67' l ' l rasc co|úri lst i lD(l  hiskx.hť|rt iQ| shÍlk' .  o|
. 

'ph. 'ru|..  tc l|s irr err|.r.ucher '  ' l .nn' I| ' lh lnol '  s(r ' .{ i l ř 'í '  ď,(:]|:í '7.( i5 '

t;..pt].. l. p'. .*t o. J ' Suthr'rlarrtl. l {ňtt. t]ll.t.ctr of sIr|llcthr| rlrlsel of chkxlarrc rn lhe

h(. ' i l{x '!t(.s anr| rni<|gut cpith( 'I iu i l '  oth'ňPl i lntt i l  aný,f,( i l ,|(. .4l i l .  trxro'!) l '  s0. '

j\ , 'ťí. 6l  ({)|9l()- l l t .

l Itgrpial ,  \| '  l97l.  ( lDi l l | l t  stÍucl l|ft '\  in (hť inrťct Énn|u|{r h(rntr l t(. i .J.  t ' l 'ÍdJlroí.r '

llrr' .]6:(i|6-íJ.
l| lmi lknl '  }t.  A'  l93t '  Thc rnoql lxr|on ofthe u.att ' r  strtqr iur,\qú Ci lú'ícu l . iur. Prrx. '

Zool '  Soc' ln*t. l93: l(Íi7- l l :Íi .
llaruu. !... \' xis|ť\ ' and A' ze|(rr. ls0' E|.'({ffnr{nicmx$pic sh|diťŠ ol hťmú.ttes..--...,i'.t*' 

i:'.'n.i"n .'riltorrwonn, S2rx/o2fu'fu littoíalis (Boiv|uY{l) infě{ed with a nu-

c|ear.pol1'he<lrosis r,inrs' as crrmpeled to DoninfŘ{ťd hcnxxýts. l. NoninÍKtrd

ht rrrrytcs..f . I n*r|tbr. Pathtil,Jr 175-{15

rrlul... c' É'' n'it t' w. Anlrlr|. lýř. Hu'moÍDiťsis in t.pid()ptcrs. It' Th{'rcl € of thť

háťnroÍx)iťtic orgms. C an. !. Zol'''5( l0): l740.55'

rr.,tr..nn' j. e. ls6. Em<le des mnrrrtoides chez Lnrla migrororia (Otthrptěr).,l.

t| ia'ft,sc. lPoÍis| 5 :269-72.
l{oftrlann, J. A. 1967' Etude des hémt.1es de Lta6'a nigÍa,oria L. (()rt|rrrprěre).

Arch ' 7,ool ' F.xp' <)én' l0l]:25|.9| '

Itoffinaln, J. A.. A. Porte, and P. Jo|-v. lť/0. Orr tňe lrxuliation ofphenoloride rtiv.

it} in ;(Mgu|ati(Íl of lax.nlta i|igťuloÍio (L.) (oÉhoprera). c' R' ,,el,d' séanť"'

.4cod. Sci. Parir 97OD:629J1.
l|offmann, J. A., and t|' E. střke|. l$!t. Sur |es modiffc'rtions ulmmconles des

(Bgu|m}1es su ({s de |a ctuguletitrn de |'hémolymphe chez un ins€(Ýf oÍthoP

terclde: imrro frigra|Í,Íia c ' fi. Sdancer Sm' B|ol' S*oúary 162:2!LÍI -9.

Hoffinann' J. A.,l|. E. stckť|, A. Poňe. tild P' Jo|y. lst. U|msfu(tuÉdes hémÉý€s

de lzillsut t|ilíatoňa (oňhoptěft.). C. R. Ilebd. Sloncer Ácad' Sci' Parir

'66:íR-5'



17 lderrtiÍication kel' Íbr hemocyte types in
hangin g-drop preparations

\ .  l ' .  ( ; 1 .  l ' ' l  \
l \ t , t t ! , n t , t t  ' , 1  I  t , t ' , i , ' , 1 , , : r , , t , , 1  I  " , , r , , t r r t  / , t 1 , ' ; u  l l n r L ' , .  I  I t r i ' \ r l v

\ l  I  l l , | , l ' l l  I l  {  \ l  ! i  , l  ' \ . 0  í r \ ' Í ) j  l  \  \

(inrtents

17 . 1 .  l n t n ' dud i on
l7.2'  Selcc{e<| spe(ies foÍ ersmit|st iut
l7.:t. Píredure foÍ hlil*in*.dŇp p.eprřilion
17.{. SumnraD
ReÍ.ťÍťncťs

tBt 527
s27
519
519

17.1. Intrcduction
'l ' lrc irk'ntif ir 'atiort kt'r ' qrrt'st'rttt'<l rs 

'Ialrle | 7 l is lbr the novice who is

strttly' itrg ittsect.trr íilr thlrt nratter lrtt1 <ttht,r arthro1xx|_herrrm.1'tes Íbr

thr' Íirst tinrt'. lt is tlÍit'tr vt't1' lhrstrttirrg l i lr r l lt lgiuner to try'tlr identi{.r'

r irriorrs !-pes of h('nr()cytes in a hentrl l trtlrh sanrple ttr fi lnr uncler l ight

tlIicr()se()pť. This kt'y shoul<| lr ht.lpÍirl in grri<|irrg the lx'ginner to lr-

crrrne acrlrrainted with the sevcn tnaitr tylres ol henrtrl'tt's dt'scribed

in Chapter,l. Because not all ht'rnrx'1'te types are reatli ly obsened in

lny' orre species, at all developrnental stages, and under all physiologi-

tal conclit iurs, it is imp{)rtant to examine hemolymph samples fronr

iliÍl.erent s1recies at variorrs develtlpnerrta| stages md rrn<ler different
physiological conditions. The method of shrdf is no less important.

The key is based on hemocy'te obsen'ations under a phase<nntrast

rnicroscope in hanging-drop prepantions of ffxed or unffxed hemo

lymph from various insects (Gupta and Sutherlmd, 1966, 1967; Gupta'

1968, 1969).

179. Selated species for emination

Although the key can be used to identify hemm'ytes frcm any species,

I suggest the following insects lre used in the beginning: adult Bla-

Ďenrs spp. for typical prohemcytes (PRs), plasmatcytes (PIs)' gran.

ulm'ytes (GRs), and spherulm'ytes (SPs); laryae ofGalleria rcllorcIla

anr| Porthetňa dispar Íor typical PRs, PLs, an*ýoids (oEs)' SPs'

and adipohemrcytes (ADs), particularly in lanre aboutto molt' whdl

3n

-  
l t l '  t t t r l i  u t i o t t  * t u  l , , r  l n , u t 4  t t t t  t u t u  \

I  \ r , ,  i ,  , . .  . ,  , r ' t  . "  !  : . , 1 ( '  , ,  , ,  I  t l r ,  ! ,  t  '  ,  i  . , , ' ,  , ,  r , i r  r r l r t ' r r  ( i l l s  a t ' r . t t r t t t t l l t t ' l i 1 r i t | s  r r r t l  i l ) l x ' a r  ó \  . { t ) s ;  a t t t i  l a na l  7 i , l t '

l ,  ru, nol i  l  ot l i rr  .\ l)r .  prrt ior l l r l r  .rf icr t l l '  l , rn l t '  l t . l  t '  l r . ' t 'n chi l l r<l l t

5 "( l  l i r  20-: l . l  hr.

17.3. Preedure for hanging.drep prepention

l .  l l l t ' r  s , l r r a r c  c o r c r s l i p  r r x l  pu t  r  t i r r r  d r r 4 r  o l  r a l i r r e r t ' r s r r r t ' t \ aO l .

{).9 g: t i() l '  (}.9. l2 gl Cac-|r, (}.(ř|! g; \al|C(\ '  {) '(xE gi ( l ist iI lRl *irt . ,Í.

l(X) rnl + 2",1 rt.rst ' t tr .).
9. ( i|t  th( '  t ip ol .thť i l trtťn||a or |( 'g (( 'r  1lrr l leg) iurr| |t ' t  u t|rr4r t l l  hrrrrtr|1r lt1rh

tkru into thc sr l i rr ' -rerserx'  t l rr l r .
()art 'Íir||1 hrrrr tht '  trrrersl ip upsir|c t|r lur l  atr<l 1r|ar l  i t  r l r 'er the

t lt1>ressi l l t  rÍ. l  <leprr 'ss i l l t  ()r (. .r\ ' i t\ \| i(|( ' .  St 'a| tht. s idt.r rr l . the trr l . t 's| ip
u i th lx.trolcrurr jr . l l r .

l l r tur inc thc hrnging<lrop prcparrt irrr urr<k'r thc phast '<rmtrast mi<n>
!(r) lx ' .

5. Youq' i l l t|ot i(ťthatthelrťnr(X.) ' tťsarenrtrreel 'en| 'v<l istr i l rutcdnegthe
g'riphe4 tharr at tlrt' r*nter of the hemolynph dnp. lt will, therefore, be

cirsit'r kr Íixrrs thenr sharpl1,nt'ar the periphery.

6' \ta!e u liesh preparotion í.or examinatitrn eveÍ!. [l-lo min beour

hewrttes lx'gin to <ieterionte after bleeding.

7. For longerJasting preputions, you roy try herrxrlymph fmm e inwt

that has beeu hoat-txed in wrterat 6O qC for about 5 min.

17.4. Summsry

A beginner's identiGcation key for seven main hemocyte types (pldre-
mmytes, pl$metmytes, 8lanulmytes, spberulmyt€s' adipďlGElo.
cÉes, mgu|ocytes, and o€nocytoids) is presented. It is suggested thet
hangingdrcp prepaÍations of hemolymph be used to idenťfo tlrrc
hemocýes under phse.contrast micÍoscop€.
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urtl.

or nrrr not lx. pÍťrťnt: nucleus genera|l!. snral|, rrlrntI

oÍ ckxptc' and geuerally t'etlrrtricl rells rarialrlc

in  s i ze  and shax '  genr .n| | l '  l vsť ( l t l i ck | \ ,  iD  l i tÍ) '

ei €ctin* nutťria| inkr the henxr|}'nrph (l.i'{s' {.2Á.,'.

It. l4. lo. l t: .  13.23)
. l  (3,) '  cÍ(nlssn' (| is l indIr Erunrr lar
1,' c}top|&sm prominentlý And chmcteristice|ly grrnu.

ler; gnnule s mry or roy not be nunrenrusi nucleus
crmpantirely smull (!omp.Hl *ith that in plasmcb-
ct'tť) end ({ňpsd, round or e|rlrgale' md genen|ly
(rntral {Fisr. 4. |D. l3. l t l)
(Nde thst cRs io |oÝeÍ orde6 m 8enenlly |erger
th{n in hidrer ordeB.)

5 (.l,). cmul€s in cytopl.sm cwsldcnbly enlar8ed md
rppéÚ s distinci sphcru|es o droplcir

5'. Sphenlec Mrc&in8ent' g6en|ly o'boňng the
nuclcus' numbct ď rplurule* vrryin3 from fe* to
my; nwlcus nlhd smll, cotrd o rentric; clb
wad a mnd with wlible rlzer, mrlly hrgcr thÚ

rrcleybr'.nd By b. obriled Fl€'sins É.!érie|
&a |DbŇ|G. ioto l.fulyfiph by .r@ytqts (Ft8s.

4.rc.t, n.!e)
c F,). snl.. c óop|ctr E&lntot oýtnt !o pErc

ďBg|dlr*!ourBwb rndl (mprrcd wttň th*
b tůEfu'b ď tDbcfu|ayres)' Mnd c rli8btly
c|ort' mtn| or ffirbic' ed my oÍ fuy nď

tppa. @ve' bimvcx, punct.t., or |obatei (ýo
p|erm mey cqbln ďher mlipid g.nu|er (Figs.

P ln\nk! loťu l (  | I , l ' )

onoqtoid IOÍ:)

Gran.ulrute ICR)

Sphctlocttc (SPl

{-|lc' lO.lc' l0.{ (Ierger €u) Ad|pohefrďu,e (AD)



l8  l r rsect  l rcnrocytes under l ight
microscopl': techniqrres
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18.1. lntroduction

Irr gcrrt'rirl. tlrt 'tcclrnirgrrr.s rrsr'<l irr rt.rtt' lrrate htrttatolog! nrust lx'
tttrxlif irtl Íilr tht, strrtl1' rrí.ittst'<.l ht.nr<x.1.tt's. Tlrt' sirnte princip|('s o|.
tct lrrrirprc npgrlr', lnrl thc irrst'r 't henrrx l tt 's c trr be obst'n ed in virrr, in
r itro, in l iving crrlturt., arr<l in blrxxl fi lnrs firerl and stained in a !'eriety
tlí.u.l1s. Tht' prtre<lrtres <Ir'scri lrt '<| lrr'Itlrr' art' a snra|| sampling rrf
thest.tt'<'hni<1ues.

Eaclr 1lrtreedurc prrlr' i<les ir s()t|l('s'h.rt <|iíli:rent r' iew of the ce||s'
nrrtl it is <rllen rrseÍil l to eurp|oy' nrlrrr. thatt trne trrt'thtx|' if possible.
Strch a crrmbination oí'nreth<xls at lx'st inc|rr<les an in !,i\,() or in vitn)
tt'chttir1ttt, irs a lrasis Íirr interpretatitlr rl l.f ixe<| arrd stained ce||s. To
s(nne ('xt(rrt, all the rnethrxls are enrpirical Inuuse of variability in
the clrirrrrctt'r tll.lrotlr lrtrrrrllyrrrph ant| henurytes in diÍferent spec.ies.
\|<lst oí.thc Íil l lrrwirrg technit1rtes hal't ' lrett f<rund suitable for a wide
r-irrietr <rí.ittsr'cts' lltrt tht'r<, trr' prt'ft.nt'd rnethrx|s f<rr certain speres

I t r ' ,  r  I  l t , , t1 r , t  u l t  \  t tút t !  !  l t ! l r l  t r r t r  t t t \ t  1 ' l ,U  l t , t  I r r r r l l r  r  t - I )

. r r r r l l o r r l i l k . r t . r r t l ) u r l x r \ ( . \ . . u r r l t l r r . i r r r r r , , p r , x r r l r r r l r . , r l r r r , r r r . l r  l r r r r -
t I l ' r I  t l l  r 1 x . t . t t . '  r r  l l l t  l t . t t r r 1 r t t r ' t t t  . r r r . . r .  . í  t l r r '  l x x I r

l |í .2 .  I l t  r i r l r  pnx 'cdurc

\  r t  l . r t t r  r ' l r  t  l r ' . r r  . r r r r l  \ o n t (  t u r ( . \  r ' r r r . l l l r r t  r  r r ' r r  o l  l i r  r r r (  l r r . r r l x . r t r , t
t , r r r  l x  , t l r t r r r r l r l  r r i l l r  l r r r r s r r r i t t r . r l  l i g l r t  t l r r , r r r g l r  l t . l r \ l ) . l r (  ! t l  t ( , ( l o l r \  r ) r
. r l t p t  t r l . t q t  ,  r r l  r r . r l i r i r r  i r r s t ' t l r .  

' l l r r '  p l x r . r l r r r , .  r r  . r r r r r l . r r  k r  t l r t .  r n r r .
l , ' t r q  r t . t  t l  I r r  r c r t r ' l r r . r t c  l r c r r r a t o l o t l i r t r  l o  r l r . r r r r r r r r l r . r l r .  l i r  i r r t  l r l r x x l
t  c l l s  r r r  t l r i t r  t i r r r r r . . ,  r u t  l r  i r s  l l r < . r ' a r  r r r r . r r r l r r , r , r t . r r l  l l r c  r . r l r l r i t  o r  t l t . t r x
t t t t ' t t t I r r a I t t .  r l l  l l r t .  l r r r g .  S i l r r 1 l I r  '  i t  i t t l  r l I r  r ' r  i t t t t l t r l | l i l i z . r t i r l r r  r í  t l t r .  l t t s r ' t . t
s r r  t l r i r t  t l r c  t r rn\ l )a r (  n t  \ l r l ( . t r r r (  t i r r r  l r r .  r r r . r r r i l l r r l a t t r l  r r r r rk . r  t l r r . t r l r r -
l x r t r r t r l  t t r i t  ros t r r l l t ' .  \ \ ' i r rgs  { r ( .  i l r { rs t  s r r i ta l r l r .  l i r r  t l r i s  p r r r l x r r r . ,  i l t ( l  l i r r
I r ' r t  r t . s t t I t s  t} t t ' r  a r t ' s i r l t t l r r , i t ' l t t . t l  i t r  q I r . . . ' r l ' I  r l r  r t ' í i t t t r I  i t t t t t t r ' r s i l l t  l r i I
l r t ' l r r t ' t . l t  t I t i r r  g I tss  l r l r r ' r s I i1 rs  ! r l  r t '< l t t r . l . r I iÍ l i a t ' t i r l r  a t  th t ' c r r t i r . | t - i r i r
i r r t t . r I i t t r . iÁ r r r< l l t | .  |95! ) ) ' . l . l t t ' r r , i t t t l s r rí . t l r t l t l 4 l t t ' r r l i t | i t l s r , r . t s i r r t . l r s t l r1
l r r ,  i r s  th r . l rL rx l  t . i r l r r l a tcs  l i c r ' l t  t l r t . r t ' i r r  t l r i r r  t t ' i ns  a r r r l  s i r r r r s t . s .  a r rd
tlrt' lrt 'rrrotrtcr rrt' largr'. l)rrticrrlarl l irrrxrug tlrc l lrge blalx'roid
trrkrorcltt's. tlrt ' lrr,rnrx.r tcs carr be olrslr r t.rl herr. rvith great clariI at
l r igh  r t r i rg r r iÍ i<.a t i r r l r  ( l . ig '  | | i . l ) '  r . i r c t t Ia t i t tg  Í ie t ' |1 . i r r  th t ' l l I txx|  or  nx l r .
i t tg  r r t t t t ' l x l i t l t | | r . i t t  r t 'g i l t t t s  tx t t  t l l . th t 'n t t in  Í l< l r r ' ( . {nx l ld .  lg6 l ) .  Nota| |
t.|ear-rr' itrgc<l itls('('ts i lr(. s<r satisíitctltn' ' l i lr t r'arit 't1' oí'reasons (Ar-
rro|rl, |Í1(i|), int.Irrdirrg thr' srna|| sizt. rlÍ.thr' htrrrtx.t'tt.s (e.g., atrtorlg
llcuriptera), the'extrerne thickrress ol tht'r 'cin u'alls (e.g., Odoneta),
tlre near rrec.|ttsion oť l't. ins l ly' trachcar' (t..g.' Le1litloptea), the gnr
circulatirrr of blrxxl in tht' u'irrgs (e.g., Diptt'rr), or the extremely rapid
circulati<m ol bLxxl in thc wings (e.g., Hvnrenolrten). Nevertheless,
with ingenuitv.rnd lxtiencv many such insects carr lre rrsed to gein m
impression of the rcal size and fom of the living hemrreytes befm
resorting to techniques that invo|ve ínjury or sacriffce ofthe inseď or
denatuntion of the hemocles. Similarly, with ingenuity &nd p.tiena
other appendages and c|eď Íegions of the insect lxxly cun s€Pe .s
windows to the b|ood. The legs' prctlroncic extensíons, crrudel ccrci,
anďoÍ respiratory stÍucfures of some aquatic insets can be urftr|,
md the dorsum of the abdomen mmetimes pmvides a view of henp-
cytes in the donal sinus or heart. In these cses tm, clarity is im-
pmved by covering the structure or ma with ssline (with I trece of
wetting agent) or gIyc€rcl oÍ immersion oi| under a ovenlip. Al.

lcontinuecl frum Jaciug Dagel
hrle' lE.{. llt'mr1'tes oÍ E' decloru.o NRer npid Giems staining. lE5. Hemýes ď
t... i".loíala aíier fu|| Ciemg staining. 18.6. Heqtes oÍ E. declarato e.&er hem.
tox}liil.g'sin_a|ciln bhre staining. N& very ielB.ti!'e sbinin8 ofšph€ru|ú}tes'
lt.7. lItrnrx'rtes otť ' declarala aliťÍ reMine stainin[. llďe distindions bc.
tut'ťn (ra|t|l|(t\1c\ arrd spheru|rrrtes. Note mik)$is in the |atter. S - sphenr|qrte;
( ;  -  {Í{ l l l ' | íX ' \1( ' l  ( )  = rx r r rx ' r t l i d lP  = p|asmutx ' !k ' '
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Fig. lt.l-t8.7 l|ťn!x)tcs of infr{s as stl'n with \'aÍious tť(.hnklu('s. \|{g|lifi('alxn|

a\ indiciltt{|. in nicrotIs. lE.l }Iemrx.*es ofBlabťnl! dgnlcus (l)icBopk.Ít) in

v i \1 ' .  in  l  s ln{  ! t ' i n .  l t2 .  l |envr . r{es  o l 'Í]uÍ!ú dk l l ruu  ( l ,epn l ( I i lť řa)  i t |  f i tÍ( ' ,  as  d

r l t  f i l r r r .  16 .3 .  l t ln r r r l cs  o t l l a lavvna i l i s : r r i r r  t l , r l r i r l l i l e ra)  i r r  r i i r ' .  i r r  r r r l x r r l '



53.1 / .  \ 1  . \ r r r r l r l  t t , t r l  (  .  I  l l t , t l , \

l l t t r t tgh  p l r i r s t ' -< l l t l t Ia5t  | | l I ' ' | (  \ (1 ' l ) \  ( 'n t |  | r t ' l t . . .< l  l t t . r r . .  t t  i r  r rí i l . t r  t r . s r  t . t -
I t ' r ' t i vc  thar r  s t i r r r< lur r l  l i g l r t  rn r , .n rs<"rpr  r r  i t l r  t l r c  r r r r r rk . r r s t . r  r r r . r r r rpr r -
l t ted  k r  in rprovt .c r r r t r i r s t  i r r r t l  <L 'y r th  o l  f i t . l t l  ( scc  l l ro  O l r rp t t r  :10r .

183. In vitr,o pmedure

Th is  l ln rn lurc  in t . l r r tk . s  a  r  i r r i t ' t r  o l  t t .< lu r i r ; r rcs  t l r r r t  i r r r  o l r  c  t l r r .  t r : r r r r -
í i ' r  rÍ . l l |o rx l  í . r t l t t  thc  i t t s t . t . t  k r  g|asr  * ' i t l r r l t t t  t l r  l ' i t } r  l i t t I r '  ( ' \ |x ) \ l l . ( ,  t ( l
t i r . ' l ' here  t r ( ' t s1)  c (nnr r ( t r I  o r r t ' s .  l r l , xx l  r r r r r le r  o i l  a r r< l  nr  r  r rc t  f i l r r r
tttrdcr I covcrglass. Perhal)s tht, sirrrpk,st tt,r,hrrir;trc is to st,r cr tlr. lrr-
te r rna  r rn<lc r  n t i r re r{ l  o i l  (n r  r  g l i l s s  s l i ( l ( , .  Bkxx l  i s s r res  l ronr  thr ,<. r r t  r . r r r l
attd íitnrts a <|is<'rt'tt ' g|tl l lr|e tlr tlx' sIi(l(. ' l)r{)tc(.t({l Íirlrr thr' ait l lr tIrr'
ir lt,rt rl iI. tltttIer tri l it lr lttt.rsitltt. tlr lt Itlu't 'r ttral.ttiÍicrl itrtt rr' it lt irtt Ittt-
rtersiorr a<lalttt'r, the ht'rnrx.1.tt's crrr lx, oltst,n.c<l irr tlrt,ir rr<tnrrrrl lonrr
as they Íl<lu.frrut the anttrttta att<| in grttltrt||1 t' ltartgitlg ítlrtlt tttr tltt,
g|ass surÍitct'.

The nxlre (rn|lrn()t) tt.t.hnit1tle' tht' wt.t Íilnr' it lrrtlrr's <lirt.<.tlr trirtls.
fening a drr4l of lrkxrl kr tht' nli(.n)s(r)lx. rl i<le arrrl (r)r.(,ring it in,u,,.-
<lÍately with a coverslip ringt'<l u,ith pt'tr<r|ertttt jel|v t<l r'rc|tlt|t' air.
The hemrre l tes  a r ( '  seer !  her r . c l r .a r l r '  1F ig .  l t i .2 ) ,  l x r th  i r r  sus lx . l r . i r r r
for a short tinre lrnd attache<l ttt the g|ass. The1 sIrru'|1 a|tcr tht' ir Íilntr
and size under these c(nditi(trls rrrd shrxrl<l lr evrnrint,d irnrnt,rl i-
at^el}...It is hťJe that the cxp|osir'<'srx'a||ed ctragrt|rx.r'tt 's |na}'l)ť i(letl-
tiffed best. The view ofct l ls irr culture is sornewhat sirnilar tir thts (.tr-
no|d and Sohi, 1974), through the flat surface oí.the stan<|artl rtsstte
cu|tuÍe flask (Fig. l8.3)' brrt the $pical hemrrey,te firnrrs are lrot nlait).
tained in sulx.ultures.

The technirque for wet fi lms can be used efl 'ectivelv l lso with
treated blqd. Heat-ffxed b|rxxl can lrc used directly, or íiring bl.xx|

|Íí.{. |. l. iratirm anr| rIidc p]ťprnt|('r|

l I t ' . r t  t . r I r  s t ' n r ' t r r  í t r  l r r ' t t r r x . r t r . r  r r . l r  r . r I l t . l I r  r r t I l r t r l  t l l l  | | | \ ( ' (  l .  ! r t | | lo u l . l l ) l ) r ( r ' i . r l r l ( . r l r . r r r g r . l r r  l l r c r r  r l r . r l l . , , ,  . , r , , . . , , , , 1 , r t  t l r l  r . r r r r r  t t r r r r
I l r t ' r t . t t t t r u q t t l . t t i l l t t . r í t l t r ' l , . ' t r r . , | r r r r | , } , ' ( i . r t r s r . r 1 t t r ' t r l l r ' . . i t . . . r . . . ' . r t , . . .
t io r r ,  thc  l r l rxx l  t . . r r r  l x .  r r  i t l r r l r . r r r  r  l i , r i r r  r1 r . .  i , , . , .1 ,  . , , , , i  .1 , , , , . . f  r , , r s r l r  r r li t  u r i ( r ( ) \ ( r ) l x . s l i < k . u i t l r o u t  r . l r r r r r p r r r r . J  o r  r l i r l o r t r o r r , , t  t i , " , r , l l .  . . t r  t 1 , , .sa l t t r .  t i t t t r . .  t l t r '  í i l r r r  r l l  I l I rxx l  . t r r< l  i t .  < r ' l I s  u . I l . . ' . . . .  . . , . ] , , i '  t . ,  t I r . '  l { | . r . .r r i t l t t l t t t  t t r . r ' t l  í i l r  a t I l t l , s i l t ' r '  l t . . . . t  Í i r . r r r . , , ,  r .  . . . ' . , , . . , , i , . i , . . . i . r , .  , , r . , , ,*i r tg  t l t r ,  i r t s t ' r t  i I l t ( '  r i , . l t ( ' r  l t t , I t t  . t t  . t I l I l r r r r t l t r . r t r . I l  í r ( | . ( ]  l r l t  . l  s t r r r t t
l x ' r i ( (1 , ' I 'h ( ' t ( ' r ! r l ) ( , ra tur ( , r .a r r  l r  ra r i r . i l  u i t l r i r r  5  " i : . ,1 , , ; , " , , , i , , , , { ,u ,  r t , , ,s i z t , r l í  t h r ' i t t s r . r . t .  a t t < l  l l l r . r . r 1 x r r t t r r . r i t r i t , t l  l r r l t t l  I  t . r ' | ( )  r t r t r r  . , r r  ( l r r .
s t rnc  l r r s i s .  lV i th i r r  th r . s r . l iu r i t s .  t l r ( , t { , r l l x , r i l t r r r ( . .u r ( l  h , ,u1 . , ,1 ,  , , , , , , , , , , -ca l ,  l r r r t  sh . r rk l  l x ,  r .g r r la t r r l  fu r r  par t i . r r l r r  a , ; , . ; ; . :  i ; ,  , ; , , ; , ;n( . r r  r , . \ r ,i t tg '  S I i<| r ' | )n ' l ) i l r i l t i ( ' t !  u , i t l r  I l ,a t .Í i r l . t |  | , | .* , . I  r .  . .  ' , , , , j , i . ' ' ' . , , . , . ' . . . .  . ,1p la r . i r rg  a  < l rogr  or r  t l ( ,  s l i r k .  a r r r l  r , , , , . t ,u ,x ' , r  , ,  i t t ,  ;1 , ; ' . . : i ; ;  , ' , ' ,  , ,  , ,^, . r_s l ip .  u l r i c . ' i s  t l r r . r r  r l r . r r r r . l ' rg  r l r r , , l i ; , .  

" ; ; i ; ' r ; ; ; . , i , . , i , , i . , , , r , , ,*  r r . .h i r r < | .  T h t . r t . s r r l t i n g  l l I r x x |  Í i I n l  i r  a i r l I r i l l l . l , . ; . i , ' . . i ; i ' ; . l l , . . . t , . t . '
u,i lnD('r at alxlrt 32 .(]) lx'íirrt'\tit i|tittg'

| ) i Iu t i< l r  < lí . l i r ' i I rg  I l I rxx l  t | i r t , c t |1 ,  i r l t r r  a  wat t . r . s r r I r l l l l r '  r ' l r r . t l r i t . . r I  í i ra -
j:l ':.::':.. l.*I']Trn'isher ra1li<| firati l lt rlí.tlte h",,u".,]t. '. '.. ' i it ' i ' .,|....,..*.l | jan()n  ( ) l  th . .  l re t t t t l | r r t t t r l t  r l r  r r . | |  <| i s t r lŘ i rx t .  I t  i s  t l t r '1 l r l ' l t ' r r r  r I  l r t r ' l l r rx I
1..l.,.,.-': 

Ins.'(.t5 atId írlr stl ltr 'ptl4xrsr.. ' l.s1rr' ia||r .. ' lu.,.. .. .........,.,,,o l  l ) | f l [  sdn l ) |es  i r  r t . t1 t r i r t r I  l i l l n l  th l ' sa t t l t ' i r l s r ' r ' t .  l ) i I r l t r ,  r r l l t t t i r r t t l  t t íkrnnalin (57c) or glrrtarakk,hrde ()..1 tt) or,, ,,,."u,,,,,,1,,,1,..i. '.1.1,,. 1rr,,-c rdure  invr r l ves  the  pxt I ingoí .s t lu ' " . , t  r t ' . , ' r* . . t j , . l . , j . , i ' . , ' , . . , , , . , , . .  , , , , .crosolx' sl ide, immersing., rplx,,,. lng. .,,"1, ,,. rir, ,,,L,.,,,,"',,, i,. ,,,,,rsevering the apprrdage s., thai ih.. |,|.xx| Í|.,u , .i i,... i i ' . i ' .. l, i i,.. .., '.,.tion without crrntacting thc air. Il|rxx| ítrlr ' .,th"r tr 1x*'.,t.*.',.,,,.r. ...,.also be dropped from alx^,r, dire<.tl1.irrkr the ti.uri. ',]r,, ti,,, i,jrl",r,,r,.
to aiÍ is very lrňef. In cithr'r casr' tht, lrrixtttrr, is rtirrrrl i,, ' l,,... l io,. ',, t.,p revcnt  c lumping o f  rhr .<. t l l s  a r rd  r . ; r ,  l x . s '^. r< l  , r r r  r i " , , l i ; i l ; i , i l . -
sire<l. The nixtrrre is thcn air-drird c,,.pl,t,. ir,,,, it*,,lj,|,.,,,,,f ,,,,r,_ft(' rťm('t.ť tracrs oí.fixatir <, |ťíilr<' stairl ir l(.

, ' l  l l r ,  l r r  r r r , ' l r r r r l , l ,
I t r . t t t o r r  r l  r L . . r r r , l

can be diluted in fluids thatcan t)€ dlluted in nuids that suppÍess coagulati<ln' such as Turk's t|ilut
ing fluid (Fisher) or dilute solutions of se<luestering agents such aagents such as
tetrasodium ethylenediminotetrocetate. Here the fom-of the hemo-
cltes is retained for longer periods than in wet fflms of livinc blqxl.

lE.{. Blood film ptcpmtion

Although veňebnte b|ood can be prepared for micrcscopy by plrcing
a drcp directly on a micrcsope slide and dnwing it out with a mver-
sIip. to dry quickly in air, inseď b|ood treated in this way wi|l usuď|y
agglutinatr. before the fflm an be made or'elre will show much ellu-
lu distortion. For this reason, it is best to ffx inseď b|md treforc prc.
paring the ffIm. This is ammp|ished ín two ways: by a suitable de.
gree of heat ffntion or by dilution of the blood in a fintive that das

S : ] t i  I  \ l . . \ r r r , , / r / r r r r r l (  l .  l l r i l r

l l i ,{,2. Stuiuirrr

l o r r r r r r r t l ) l r r l x r \ r ' \ . l t r ' t r r o r ' r t t r . t t c r ( . r i t t l t l t t t o t r r ' , r l t l t t  H r r t t t . t r t o u . l t
p r r . l r r r . r l i o t r r .  u  l r i t  l r  , l t  pc t t r l , r t t  l l t c  lo r t t t r t l i r t t t  r t l  i ru  t t r t ' a t t< l , r t l r t ' r ,n i t l a '
l r . r r  p r r r l t r t l .  r r l  t t t t l l r r l c t t r ' l r l r r r ' .  r r . t t a l l r  i t t  t r l t t l r i t t a l t o t t  t r i t l t  r r r r t t t
i l l r r r r r . r ' , r r r .  l (X i7 t  \ \ ' i t l r  l l r c r t  P r r ' l r r r i r t io t r . .  r . r r ia t i t r t  , ' l  t l r c  l r r r l l i ' r
l c r , . l  t , r r r r r r l  t l r ' . r ' i r l . i r l l  i r r c r r i r r c r  l l t t  p r c t i r i o r t  o l  t t t t t l t ' r t r  s t a i t t i t t (
.u r , l  ,1 . ' r ' r r ' . r . . ' .  r  r  t r4 l l a r t r i c  l r r . r4 r l r i l i r ;  t l t t '  r c r  t ' r r c  in t  r t ' r s t ' .  t l t t '
. r r r r , r r r r r (  o l  l r l r r c  i t r  r i t r io t t r  t  l t ' t t t t ' t t t s .  ( ) r r t ' t i t t t .  th t ' r t ' l i l r t ' .  a l t t ' r  t l r t ' r ' l l
l i r ' t  r ' l  t I r r . r t . r t r t  t r l r  r I i l l t . r t . r r t  l ) ( |nx| \ ( '5 .  \ l i 'Í i t r t l  t l r r t  I l t r . ( i i t ' t l t sa  1 l r t '1 r i r .
r , r t r o r r  i r  r r r o r t  r , ' l i a l r l t ' l r r , l  r r s t ' i t  i r l r r r o s t  c r t l r r s i r r ' l r .  l t  c l n  l x ' t t . t ' r l
r l i r t . r ' t l r  l i r r  r i l l ) i ( l  \ tn in iu(  o r  s i t l r  r l i l l i ' r c r r t i a t io r r  l i r r  t t to r t ' r ' l t ' ga t t t  r t ' -
' r r l t .  r . t ' t  . r l so  O l raptc r  20) .

Rrpid Giemse staiďng (Fig. t8.4)
S , r lu t i r r r  o l  ( l i l n rs l  ( l ' i s l r t ' r ) :  I  < l r r4r  r t l  t r t t t t l r t t r r t r '  pc r  r r t i l l i l i t c r  < l i s -

t i l l t . r l  rv r t r . r  i r r  a  S t t ' r r< l t ' r  r l i sh .  P lac t 'a i r - r l r i c r l  s l i rh ' s  < l i r t ' t t l r  i r t  l l t c  r t r

Iu t io r r  o r  r l i c r  I  t t r i t t  in  a l r so l t t t c  r t t t ' t l r1 l  n lu r l to l ,  l r r sp t ' t t  s l i t l t ' s  I r r

tlt.pth rlf sttirriug irl ier 3 nlin (uurx. 5 ntilt). Rirrst. irr tl istiIlt.<| rr' lrtt,r íi lr
I nrin. Bkil<ln rrsiut Krxll l i lt 'us-t' lt 'atring tissttt'. \ftrttttt lx'nlriulcl lt
sl ir lcs itr (]anrrtlu Ira|sarrt; tťullx)ri lry sIitles irr g|1t.l 'rrrI tlr itrrtttr'rsi lr lt
o i l .

Full Giemse steinine (Fig. IEJ)
lnrnrcne rir{ried fi lnrs of hclt-fixed henxrllrrrgrh in Oierrrsr solu-

ti<rn (l drup of crlrt(ťt|tnte IFÍ uli|l i l itet tl isti|lerl water) l.or 20 rrrin to
2 hr. Rin* irr tl isti l led wuter; thtrr imrnerse lrrielly in disti l led water
to which tr ícw dnrps trť lithirrnr tlrlxnrate har'e lren H<|dtrl (to differ.
t'ntiate red-staining stnlchrft's). Rinse in distilled water, then inrnrene
brieÍy in rlistilled water to which a few drops of dilute hy<lrx.hklric
rcid have lrcn added (to difierentiate blue-staining struchrres). Rinr
in <|istiller| water and exanrine. Repeut diÍTeÍentiution iístuining is tm
dense. Bkrt dry using Kuda} lens<'leaning tissue. Mount in Canada
bslsm.

(]rllnnrenls' Ct|ls arc lrtter dií[ercntiated thgn wherr npi<l Gienru
method is ured: exccllent for photography.

Hcrntuylb-codn-.lcir bluG rtrlnlnf (Fi* lE.6)
tmmerc airdried 6|ms ďheet.fixed hemolymph in l5%acetic reid

in merheno| fc Í) min. Hydrere thmgh gnded alcoho|s to disti||ed
g.t"r. lmÍrerrc in t% al.cirn b|re EGX in 0.l N HCl for 2o min. Rinre
ln distilled weter end immre In Herris's hematorylin for 20 min.
Rin* in distilled wsteÍ rnd diftrentiete in rt.id a|mho|; then b|ue in
S<ott's s<r|ution. Examine and Í€p€rt di{Terentiation if naessary. De.

l t tv  t  l  l tnu 'q l t \  | l , | ( / ( , ,  , i { l l '  r | l i í ' ' l } \ l  í | l ,U  l .  r  / r r l t . l t ,  '  Í|7

l r r t l r r t t .k r  ! l ř i  . r l t r r l r r l I  a t l l  i t t t l t t t . r r r . i t t  l , i  r r t r t t t  i r r  t l ř i  i r I r r r l x l |  í r l r
j ]  ru i r r  R i r r s t .  , , l l  t ' r t r . r .  r ta i r r  i r r  ! I l i i  a l t r r l x r l ,  t r .u r r l r . r  k r . r l r ro l r r l r . l k r r
I ro l .  t l r t . r r  to  r r  h . r r t ' ;  rnour r t  i r r  ( iu r l r l r  ba l s l r r r .

( ' { ) l r | r , . ( , r l , \ .  \ t i t l l t t t '  <r ' l I s  aÍt ,  t . i t s i t . l  k r  i r l t ' r t t t l r  t l r r t t  t t t  ( l t t , t r tu .
rl.rtntrl prt.lrirrrtirnrs. Sgtlrr.nrLr.ltr'\ tr(, \(.r\ rl irtrrrrl. rt.lainirrg 1uk.
ltlttr. ' u,lrr'rr' it: tltt ' t.1'tr4rIastn rí.alI l i lht.r t.r.|| t\ lx,\ \l ir lt|\ 1rirrl i t lr pirr\.
i s l r  p r r rpk . .

Acelmmine steining (Ffu. lt.7)
l|r1rrt'rs snlir|| lx'at| tl l.íir.sh herrxl|1 nt1rh lit lt l a C(),-uunrÍizlr| irt.

\('(.t ()t|t() th(. (1't|tt'r tr|.ir rtrtlttcl <rtr'ťrghss a||(| it lr t.rt ttr t.r a r i l| rtí.gh-
t' i lrI at.t' l it.at.i<l íilr Í|) tlt itr. Rer't 'r*'ctx.ergluss u.ith hr'nrl|1rrrplr u1r-
lx.nnost in a solirl u att.h glass and urvcr with atr.trx.anlrirrr
(l I ttttl irstlr. |.$7) írtr Í)() tlt iIl. Bk{ trff extr.ss stain tan.lir||1 attr| sr1ttash
tItr' 1rrt'1uratitnt gťnt|) ()nt(' ir tttit.nrscrr1x sIir|e irr a <|nt1i lú.\i 'rrt't iarr
trr11x,rrtint'.

(lolrrrrrlr. (i ' l l tr'1x.s an' i<k.ntifiablt.; nritotic cvlls ven clear in all
lr '|| tr1x'r: r'rtr,||r,nt íitr 1rhrlttlgra1lhr'

Acridine omgc strininS
. llx1lrt'ss a snra|| drop rlf írcsh henxl|1rnph íirxn a C()1.runrrtized in.

sť(.t ('t|t() a (lllaÍtz nticrrrsco1x s|ide. trtir with ur e;ual r'olutm ďrri.
tlitrt'orange so|utitnt, (}.I nr1y'rn| in 0.9.Á NuC|. P|ue crrvergtss wer
heuroltrnph pn.txration and immediately emine with fluorcxrruv
rrtieroscolx'.

(.'onun{,rttr. Tht' inclusions of sphenrlm-ltes m. npidly end spcciff-
cal|y stain<| to gi\'e an intťnse ()Bnge flrtorcsemt. Nuclei oíell h+
n)(r'tes git'e a ye||owish gmn íuorcscencv.

185. Summery

Trchniques for light micnxopy of in$R{ hemrytes rre nodt8o:
tions of thore used in vertebrate hematologl' ud inc'lude In viw d
in vitro prtrcdures as well as methods of ffntion rrd rtrinioj. Tlc In
vivo pnx€dures rtti|ize tnnsprrrent regions of t|rc |nnt body, pl!&rt.
bly the wings sandwiched in an ineÍt solution undcr s|..1 Th. b
vitrc pmcedures inc|ude the enminrtion ď b|ood |ru|q ůur l
wound under oil, of the ce||s in o|ture, or more canratody ďprt
tions of werd wet fflms of llving blood dn&d gl(i trrtCl tor-
clude air. Prepention of inret blood fur stendud hLolojbl *rbh3
should be prccrdcd by thc hlung ďtl'. inrcG{ tn ho. r*? b & ů.
el|s and pr€vent hemolymph m.gu|ď!on m by ďlodo ďthc |ňrerg



19 Techniques for total and differential
hemocyte counts and blood volume, and
mitotic index determinations
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The t|trt'e DN)st c(nntn()l| tt|ťas(lre|nel|ts nrirtlt 'trl tlt 'scri lre the b|txxl
1lit.trtrt' tlí'a gir,en iIlsect at a given tittte trr Íitrtrr <ltrr, ti lrte tlr iuttrtlrer art'
total hernrc;.te ctnrnt (THC), diÍI.erentiaI hctntx'1'te, crlrrnt (l)HC). and
Itlmd volume (BV). The purpost, o[ this chapter is kr crlmine the
nrethods used to obbin these values arrd their reliabil itr.

192, Total hemocyte count

The first study oÍ THCs io insects was nra<le lly' Taulrer arr<l Yeagcr
(1934). In 1S15, they studied Orthoptera, Odorrata, Hemiptera, and
Homoptera. A year later, these same autlrors extended their study to
include Neuroptera, Coleoptem, lepidoptera, and Hymenoptera. The
insects were heat-ffxed (60 "C for 5-10 min) and bted from a proleg,
afteÍ which the blood sample was diluted with physio|ogica| saline.
The THC (i.e., the nunrlrer of circulating hemxýes per c'ubic mill i.
meter) was detennined by the method employed for mammalianmeter) was detennined by the method employed
blood counts. This work represents an outstanding contribution and
has sewed as a model for subsequent investigations.

Taulrcr-Yeager (lf,}S) í|ui<l (NaCI' 4.65g; KC|' 0.l5g; CaCI".
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/ r r ' l l r r r r \ l r . t P r r o ( t t r l . . l 1 ) t i 0 r Y i r r r o r r , l l ) 7 1 ) . ' l t r r L s r o l t t t i o t t l l - 2 r ' l ( l a -
.  t . r l  . r t r . t l r  .n  i . | .  ' l i ( l r t I r  t . r l I t l r r . t I  u  i t l r  q t ' t t t i . l t t  r  i r r I t . t )  r ra t  r r ' t . t I  í i r r  /1 r . '

t i t t t \ l l t l l t t t  r ( ] l i r rk  . r r r r l  ( ] I r . l l l x t t r r r ' . . .  l (ň( ) )  t r r l I  l i u  l . ] r l r r ra  (Ar t r r r I t l  a r t t l

l l l t I L . ' t 9 ; í i .  l , . t t t r l t t r t t t l l . . I i r r t t l 9 5 1 ) ) r t ' 1 r r l r t t . t l t l r i ú - l . r r r k ' . s r r I r r t i t l t r t l i < l
lo t  l ) . ( ' \ (  r t  r r l rg r r l r r l i o r r  i r  l t t ' r t to lv r t t l t l t  r i r t t t l t l t ' s  r t l  l t c r i l t l r r t t t ' l r i .  \ ' t ' r -
. t r r t  t I  f  i  t c t r . t s rx l i t r t t  l l l ) lA i  rv rs  \ t l l x ' r io r  t ( t  T t t rL  s  so l t t t i t t l t  t t t t l
r r r . r I r t c  i t t t r l  r r ' i t s  r t l t t t i t t r ' I l .  t r s r r | .  Wi t t ig  1  l9 ( ř i ) .  ih l t I r ' i r rg  1 l l t tg l l t ' y ' t t r s i s
i r r  l ' r l ' t l r l a l r . t i r t  I r r r r t ' '  a Is l l  I i r t t t l< l  r t ' r se t t t '  (2 . ' {  1 r I r r s  i r  t r i r t .e  r l í . l r r t ' t l r1 .

I t ' r r t ' l r l r r t . )  to  l x ' s t rp t ' r i r t r  to  q l l t iu l  a t t ' t i t  r c id .  l ' onr ra l i l r  ( lO ' ' {  i r r
().|t5c1 \aCl) lrirs lIst, l lt 't.tt t 'Ittpl<lrt'<l as r <|iIrrtirlg Ílrri<| (Jolrcs, l95fi)'

Plr1sitl|rrgit.at 't l irr. 't l itI rl()t I)r('\'ť|lt ct' lI agg|rrtinrrtirlrr. l lut the t<ltl i-

tirltt ttl.rt.t,tit. at' i<l 1 lcí ) .rr l i lnlttlt lclry'<le retlttced clttrrr1ritrg'
I tt rtrit l itr{ k)ti l l (1)lItlts Írrlrr Pir,rís' the first and secotttl tlro1rs l l l.ht-

rrr,rlr nrlrlr *'r'rt ' uti l izt'<l (Kitarro, 1969). The first cln4r ol ht'moll nrph in

rtttfirt.tl.rtttl rrrrl i 'r l Íl/lrx/nilo. (\)ntil ine(l trrtrre herrrtre\'tes tlrirtt tlre sec-
rrlrrl rlr<t1r Urnres, l(Xi2). Thc nrrntlrer ol.hetrrrx'ytcs $,i ls i l ls() Íe(lr|ce(l
l ionr thrcc successive drops o[Eontbgr lrenrolymph (\tatsuntoto tn<l
Sakumi. l95ti). On the other hantl, Wittig (1966) l iruncl no significant
rliíl.erences in DHCs takerr Ínlrr the first and sectlnd drops oť Psutcla-
|elirr herrrtrl1rrrph. Jones (1956) rrsetl the first drop oí.Surco;lltagrr he-
nrollnrph for DHCs. The rest ofthe hemolymph was placed on a sec-
on<l slirle, an(l a portion was used for THCs. Sonre 3 or 4 drops of
Pnxlgúa hemolymph were a|lowed to Í|ow on a glass s|ide. A portion

of the bkxxl u'as drawn into a Thoma white l)Iff)d cell pipette, diluted,
and tountetl (Rosenberger and Jones, 1960). After the hemolymph
rvas tliluted in a pipette, the ffrst 3 or 4 drops were discarded (Jones,

1967a; Shapirc, 1967, lS8).
ln many instances, hemolymph was drawn into a Thoma white

bluxd cell pipette, diluted, and counted in a hemacytometer. The he-
molymph dilution ranged from l:20 (Rosenberger and Jones, 196O;
wittig, 1966) to l:5o (Cluk and Chadboume, 1960; Shapíro, 1967) to
l: l0O (Fisher, l{X}S; Gupta and Sutherland, 1968). Wittig (lS6) ad-
justed the dilution of hemolymph so thst a suspensíon contained be-
tween 800 and l,6(X) celtýmmt area counted. This adjustment could
not be made when the amount of blod available or the number of he'
moc}tes p€r cubic mi||imeter was low.

Fisher ( l$5) found that the standard white rell pipette required tm
nrrrch hemolymph ÍromPerýlluneta. A micropipette was made that re.

l l .  t t t , , , , t t t  |  | ú l , I ! \ '  l ) | | \ \ l  t  l t l t t t t t t  '  t t t t t l  l l r t t . , 1 t .  l l r l / r  l  5 . | l

, l t t t t t r l , ' t t l r  l . ? g l . r r r r l r r l i r r . r l r l r l r r t r o r r o t I  l l . l ' . r t t r r r r . r r r r l l . l r r r t L l i ) i ( l
. r l ' , r r r . r ' r f r r . 1 x . t i . r l u l ( r r ) l ) i l x , t l ( . l o t l ' r t r l t l u r u t u  r r r r r l n . l '  l ! 1 , ' l l r (
t t t , r l r  r t t p l t  t  o r r l < l  l r t  t l r l r r  r r  . r r r l  r l r l r r t r . t l  I  :  l ( X ) .

' l l l ( l . . r r r . r r r r r r r l ť r l  
i r r . r . t . r r r , l . r r r l  l r r . r r r . t t r t o t r r r . t t . r . r t r o r r l r r r q  t r r  t l r |

Io r t r r r t l i r  r . lo r r t  r .  l ! )6J r :

I r c t r r o c r  t t . '  r r r  r  l - r r r r r r  \ ( | r J 1 1  \  '  t l r l r r t i , r r r  r l J | t l r  o l  ,  l r . r r r r l x  r
r r r r r r r l x ' r  o l  l - t t t t t t  r r ; t r . r t t . r  r rnr r rk ' t l

h i t r r ro  t  l lX i l ) )  r .o r r r r t t  r l  t l r t .  r r r r r r r l x ' r  o l  l r r . r r r r t . r t t ' .  i r r  t l r r '  . r r r r l l t ' r t
r r l t L tn  i0 . (XX)J5  r r r r r r2) ,  <r rur rk . t l  f i o  r r ; r r i r r t  r .  a r r t l  r r r r r l t ip l i , r l  l r r  i l  l n . to r
l r l . | . ( ) (X)  t r l  u i re . l .1 | ( ] .  F i s l r t . r  t  lÍ}}5)  t r t t t t t t t ' r |  | t t ' t t t l x ' r t r ' r  l i t l t t t  t l t r r ' r . t r l
t l t r .  l i r r r r  u  l r i t t ' t r . l I  s t l r rn r r . s  i r r  t ' r t  h  o l  t l r c  l r ro  r . l t iu r r l x , r r .  \ l ' i t t ig  {  l l l * i )
c i r l t  r r l a t t  t l  t l r t " l ' l  l ( l  p r . r  < r r l r i t .  r r r i l l i r r r<. t t ' r  l r r  t r rur r t i r rg  u . l l r  i r r  l i x r r  l -
t t t t t t :  a r r ' l s  i t r  t ' a t .h  r r l . t l l t ' l r l ' r l  t . l t l t t t I l t ' r s .  l I t ' t t t l x . r ' t r ' s  í i t l t t t  Í i r t '  l . t l t t l r '
sr1ttlrt.s (tlrt 'íi lttr <rlrttt'r iuttI t.t 't lIrirl sr1ttirrl.s) rr.t'rt 't.tttttttr'tI lrl Rtlsr'tt.
Ilt 'rgr'r irtt<l Jrlrrt.s 1|!Xi{)), Jl lrt 's 1l967a), Shapirrr i líIi6. lÍři7)' arrt|
( i t rp t r r  i r r r r l  S r r t l r t ' r l a r r r l  ( l9 f i l t ) .  Wh i te  <. r . l l s  i r r  r l l  r r i rx '  l - r r r r r r t  s r ; r r ln . s
s t'rc orrrrrtrrl lrv Clark rnrl Chadlxrrrrrr' 1 196{)).

lrt rrrrrrrtirrg tlrc ht.rrrocl tt's, ir varilt iorr is kr lx. r'r1x'cterl. But wlxrr
t l r ( . ( l i s t r i l )u t i ( )n  o l  th t ' ce l l  ( r t rur t  uns  unt ' r ' r 'n  a r r< l  c l r ru r l t ing  u ' l s  ob .
st'n'r't|, tlre trtttttts rr't,rt' t l ist.irr<|t'<| (Rtlst'trl l<'rger irtr<l Jorres. l9ó(); Sha.
pirrl. l9fi7; Kitlrrtl. lÍři9). Stt'1lhtrrs (|963) r1rrt'sti<netl u,hctht'r it u'as
rt'astrttaIrlc kt <list'ard trltttrts rvht'rr the lnettts rl l.tIte tu'rl chtnrlx'rs <liÍ..
l i 'recl grt'atl1'. wittig (lÍřři) [cIt that srr<'lr a rcjectitlr s'us justif iťd ií.it
ri 'as dtrtte tlt tht,l ltsis rtl.p'rct'nt tlí.tht'ntt'an instea<l oí.the trunrlx'r<rí'
ct'Ils !rt'r rrlIttnrt., ..íi lr 

tlre u'cight tlťir ttlttrtIlt 'r is diÍfcrtrrt for hi,.h and
Ios 'n t t ' ans . "

19.3. Differential hemmyte ount

Irr gerreral, tlre nreth<xl rrsttl by Shaliro (1966) may'lr crnrsidered 6p
icul. llrvae were subnrergecl in a hot-water lxth (56-58 qC for l-
2 nrirr)' arrd a pro|eg on the sixth abdominal segment s'as cut with fin €
scissors. The hemolynrph was allowed to fall on a clean, grease-frc
nricroscope slide, and a smear was mad- in the crrnventional nrarrncr,
by drawing a second slide across the first one at a 45' angle. The
snrear was allowetl to airdry and was stained lry a mtdiffed Pap1rcn-
heim-panoptic rnethrxl (Paplrnheinr, l9l4). The details of the
methtxl are as ftl||ows: (l) Í|<xxl air.<lried smeu with May-Grůnwa|d
so|uti<n arrd allow to rťrnain on s|ide ítlr 3 nrin; (2) add disti||ed water
so that a laycr is firmed arrd allow to stand for 2 min; (3) discanl the
May.criinwald.wateÍ |ayer; (4) Í|<xld s|ide with Giemsa srrlrrtit ln (l
part concentruted Giernsa to 40 parts distilled rvater) and allow to dry;
(5) u,ash sIitlc itr ntnnittg tap watťÍ ant| a||orr.trl tln,.
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19.4. Blood volume

BV is u l ittle used but in)portaut valrrt,. lt hts lren reportecl that an
invt'rst.rt' lationship exists l)etu'een tht, THC and BV in Bornbrrr (n-it_
tl lrrlr. l96()). iIt atlults o|. l lnltxtu (Wellle1'' lg5l). arrd i lr Iašt-stage
tlr'trr1lhs iur<l arlults <rfPeríplarrcto (Wheelt'r, l962, l963). In a<klition.
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for sevenlnrirrutt's .n<l cerrtrifused (3. tfi) qrm fr,. i i l;;;l l 'Ti-" ;J#' ;. *_rrxrlerl, trrcl the p()rtion of the htt)e contairrirrg.sedimented hemmyteswas r.ttt rtff and t|ist'arded. The p|asrna *"'.áo*n.inl., 
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I)nrnrnvrrd micropir)etre ( ro-pr.capaci11.) una JituiJ' in-r".l"e-n.-srlů llrÍl.er (0.995 \r). This srl|rrtion an<-| the standard (Aronsson'slrttíIer) u.ere p|a<.t.d in s<.paratl' I.rr..l 
"..':.tt..irl-ň"fji*ill.ihr*o
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r r l r c r t  \ '  .  L l r x x l  r , r l r r r r r ,  i r r  t t t i c r o l i t c r . ,  t /  =  r , ' l t t r t t , , r l  r l t c  i t r . i t t l t  t l
i r r  r r r i c r o l i t r ' r r :  r  '  o r i q i t r i r l  c r r r r r t t t t t l t t i r r t t  i t r  1 t t ' r t t ' t t t ;  r "  t r t t t t t t t t t i l _
t i o n  o l  t l r t  i r l i t  r  c i r c t t ] ; t t i o t r  i r t  1 l t ' r t t ' r r t .  l t r  o t r l t ' r  t o  o l r t i t i t t  t l t t  l r l r x r t l
r r r l r r r r r r ' .  \ '  i r  r l i r i r l t r l  l r r  t l r t  l r , x l r  s t  i g l r t , r l  t l t r ' l i r r r i r .

19..5. Reliabil itr- as influenced bf intemal and exlemal factors

l l c l i r l ) i l i t \  o l  r l a t t  i s  i r r l l r r c r r t ' ,1  l l  t so  l i t t t t t r s .  i t t t i t rg  s t 'p i t ra t t '11  or  i t r
t r l t r t . t ' r t :  (  |  )  i t t t r ' r t t t l  í i t t . t r l r s '  r r  l t i< ' I r  l t r t .  r t ' Ia t t ' r l  t r l  r ( ' i r |  ( | i l l i . r ( ' | | ( ( ' s  l ) ( ' .

t rvcer i  iuscc ts ,  a r r t l l r r  (2)  t ' r l t ' r t ta l  f i t c to rs .  t t r t s t '< l  l r r 'p r r l l r l t ' t t t s  i r t  t t< l r -
r r i r l r r t , s . ' l ' h t ' sc  t \ \1)  r r ( ' r s  l  i l l  l x '  t l i s t  r r sse t l  a t t t l  ass t ' ss t ' t l .

19.5.1. Intemal factors

S<lrrc <rť tlre r.irri ir|it lrs Ilr 'trvet'tr sitlri l irr itrsects lrirr t ' lrt 't 'tt slrrr*'tr t<l l lt '
relrrterl to real httors in phlsiokrgy (,{rnoltl, 197'l). Pattorr antl Flint
(1959) olrsonetl tlrat bloql ct' l l cotttrts <tl'P<'riplunetu varie<l signifi-

cantl-v intrtsyx.cifictl ly' arrcl u'ith the stage of devektpnrerrt. Tlre tnt'ttt
cell ctnttlt was í)'400/nrrrt3 rvitlt a rangc rr{.2t,(XX)_9o'0U) i l lr<l tt starr-
<lartl deviatirxr of2l,fiX). The atrthors conclrtded that a nonrt tnrtst be
estal)lished íbr each insect llelirre the THC can lre elrr1lloyed as t ntea-
sure o[the physiological state. Coll in (1963) showerl thtt the variabil-
ity of the total count in Melolontln was alrtrut 3(ř7o. He Í.e|t that the
great variabil ity in the relative prolxrrtirnrs oflrenrtrytes (DHC) nrade
it difEcrrlt to rrse that meisrrre as an index oÍ.the 1lhy,sitl|ogical or pntlr-

ological state ofthe insect. Jones (1967b) found the great variabil it l of
unfixed DHCs of Rhotlnius was not attributable to great variations lr-

tween set1uential lOO<.ell crrunts per sanrple oI t() gr(.at diÍl'erences
between the sexes.

A|thou'{h t()tir| coutrts Íilrn itrsects rverc r' lr i ir lr le, t|rt,rirnge trIr-
tairred was "rlrite comparable to the range obtairred by'other iuvt'sti-
gttrrrs frrrnr ttl it lttltta|s,' (Tarrlrr and Yeager, l(R5). Yeager (lÍX5)

l I I h | ! , I l l Í l  |  | , I t ! l t \ .  | , | ! \ \ !  t  l , l t t n t t .  t t t t t l  l t t t t l l t i t  i t r l t , l  5 { 5

l l r t l r l  t l r t . r t . l i . . l r r l i l r  , r l  l l r c  l ) l l ( l  l r r  t , r a r r r i r r i r r r l  r r r r t . . r r s  l r o r r  l ( X )  i r r
' r ' r . l r l r t r r I t l t ' t r ' r r r t l t I i r t ( t I r . ' l . r n a I r l l t t l r , r r r I t l l t . t I r r r t r l r r , S r r l t l r ' i í i ' i  r l l t l l t '
\ l l t ( . i l r \  \ \ ( ' I ( '  i r I t , r r t i í i r . r i  r ' l r r t r ' t l r  i l \  l ( )  l i I I \ l l |  . t a { t ' '  \ l r l r r . r r r t ' t .  | i ] . i  r l l
| | r r ' s t ' 1 1 1 5 1 1 | 1 1 , .  r r r ' r l ' i t l r ' t r t i Í i r t l  < r r r t t ' t ' t I r  t r r  r r i t l r i r r  l t i  l r r  r l l  t l t t . t r r t r '
. r u r ' .  l r r  ( l a l / r , r l r i .  l l r c  r . r t i o  o l  r o r r r r t l  t o  l i r r i l i r r r r r  I ' l _ r  t r r r l r l  I x , r r t i l i z r r l  r r
. t t t  t t t t l t  t  o l  l i r r r . r l  r l i r . l r t  o l  i r r s c t . t s  r r i t l r i r r  t l r c  r l a r i r r r { t r r l o r r r  t S l t i l r ) i r o .
| lxiíj l

l r t : ( , (  t \  n \ ,  ( l  l i r r  l r t  r r r r l o l o g i c a l  , t r r r l i t , s  r l r o r r l r l  l r r ,  . r s  , r r r i l i r r r r r  . s  l x , * -
' i l r l t .  o l  t l r r . \ i l l l ( . \ l , r q ( , .  i t ) s t i r r . . t { ( , .  s i z t , t \ \ ' i t t i g .  l g 6 { i ) .  { r r ( l  l ) , ) . . l l , l \
: t . r .  l r r  l ; r r t - r t : r gť  i r n i l \ \ \ r ) n r a \ .  ( , \ ( . t t  i l i l ) ( ) ug  i t r r  a l t l t i t rť t t t l r  l t o t r r ug t . r r t . -
. r r \  { * r r l ) .  i r r r l r r  i r l r r i r l ' l  l l O s  r r r r g t , r l  l r . r r r  7 5 , i  k r  l { ( I  i  . l  t l r t ,  r r r e a r r  . t
( l r (  { r ou l ) . ' l ' l r t . r r r c i r r r  o l  i r  t rť r r t t . t l  q r o r r l l  i s  f t . l r t t ,< l  t o  t l t ( , i l \ ( , r i . g ( , ( r , u l t
l i o r D l r g r o r r l r o l t t r r t r t , i r l t ' r l i r r s ť t . t r t r 0 t o t r l t i t t i l g i \ { , ! l t i r t t t , , l r r t t i t l s o < l r r r -

i r t g  a  p i r r t i< r r l a r  t i r r c  l i i r r r r c  i r  i n s c c , t  t l t . r t , l o g l r r t . r r t .  r l l r t , r r  r r , l l  l r o l n r l a _
t i r l t r  < ' I t i t t I g t ' s  I | | { \  ( ) ( ' ( . l l I  ( \ i ' i t l i g .  l ! ř i 6 )

l ] t ' t . a t t s t ' t l l . i t t l t t . r < ' t t t r i t r i i ú i t t l t r ' r t . 1 l I i < ' a t i r r t r s t t t t l s t l r t ' t t t a t I t , ' l r t ť r r , t r .

t l u l t ' t i r t .  t n t t t  r t ' p l i t . l t i o r r s  o l ' l ' l l ( l s  r v c r t ,  r r . r ; r r i r t ,< l  t h a r r  r r l  l ) l l C s .  l x ,
( . a l l s ( . ( ) l  g r ( , a t ( ' I  r a r i a l r i l i t i t ' s  i l t  t I t t . í i l r r t r t . r .  S t , r ' t ' r t , t t r . i t l t r t t . I t t s .  r r l r t t ' } t
l r r i g l r t  I c a t l  t t l  r l l t ' í  t l i s e l r s t ,  t r r  r I e a t l t .  r r ' l r t t I t I  l r e  t , r 1 t t ' t ' t t ' t l  t o  r e5u | |  i |  / /
l terttat l l I l rgit .aI t 'htIrges (Witt ig, Iíř i6). Jr lrrt 's arrt l  

' l .arr l ler 
( lg.í4 ) , ,*,Í.

t lrat l t l l r tttal  rrr higlr T.t lCs tt l t<ltg ntt.t|rrrtrtns ha<l l i t t|e s igr ' i |ííu.. '
l rrr l  grt ' i r t l r  rt 'drrt,er l  Tl lCs ar.crrrrparr i t ,r l  l ry alrrronnal hcrrro<.rtt,s s ig-
rr i f ier l  nror lr i t l i t l  iur<l t ' r . t , i r trr i r l  nr()rtnl i t\ . .  Rose,r lrt ,rgt,r i rrrr l  Joncs
(lÍs0) l le l ieve<l that the TřtC irr Pnultni i l  

Y l t , l t  l  gr lx l  l trt l icat irrn oÍ.
het|th, as rrtrnrt ir| ct lrrtrts u't ' r t ' t t l rtainrýínKrt lr  htt l th1 ar lr| unheďthy
insects. Wlren an itrsect (' it|l r{'\.('r í'rtln a gir,etr treatment or condi.
tiorr. lrou'evt'r. (..!p111'[[rt. bkxxl picturt, u,i l l probablv be slight
irnrI u'e||yi}ňíÍÍ-t.rattge rlf rariatitl lrs íilrrrr<larnongrtntreaietl ittsects
(Wittis,

19.5.2. Extemal factors

In gent'ra|, the external Í}ctors rttit1' be (l) inherent 1lro|llt 'ns rlf the
rneth<xl itse|Í.ancVtlr (2) failure oí.the irrvestígatol to uti|izť a given
nreth<xl conect|y'. It ís (luite possible that two methods, lrcth used to
obtairr the sante datl for a given panmeter, may have differences in
sensitiviý. For example, exsanguination of insc'cts for BV measurc.
nrents is less precise tharr tlre <|1.c'di|utitl lr rnetňod. Heat ffxati<n
would be rrseless for studying colgrrlation in insect hemolymph, as
coagttkry,tes can l)e Íecognized only in unffxed preparations. The
chtlice tlf a given rnethod is dependent upon the ýpes of data re-
<1rrirecl. DiÍI.ererrces in total counts between heat'ffxed and unffxed he.
nrolvmgrh from stonefies were felt to be attributable primarily to tec,h-
rrit.al rl i lf iorlties (Anrol<1, 1966).

Wlten a given technique is se|ecte<l, it nttrst be fol|owed precis € ly.
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b] r t . r t  s t l r i t I t  t l iÍ ] r ' r l ' r t t r ' s  l t l  r i r t t t1 r I i t tg  i r t t t I  r r t t t t l t i t tg  1r r rx ' r ' t I t t r t . .  t ' x t I r I

ir.a.l t,, ltrgt'tl i l l i 'rt 'tttt 's itt thc tl irta l lrtxlttt t 't l 
-l ' lrr"'ttl ltrrirl ltr ' ' lrottlt l

, , , r t  l^ '  .  
" r i " . l  

i r r  i t s  tL ' ta i l s  t l t t r i r tg  r  t t ' s t '  t t t t l t ' s r  i t  l t i l s  l x ' t ' r r  t ' s t ' r l r l i t l r t r l

t l t t t s t t cht . l ta t rg t , s t l r l t ro tnÍ l i ' t . t th l ' r t ' su l t ' . (w i t t ig ' lg ( i í i } ' l | t ' t . t t t r t . l t t s
.,l icrr <liÍficrrIt t., tl lrtaitr trlt lsistt,ttt rt'sttlts rrrr ittg trl r.tri irtirltrs rr it lt itt

i i,;: i;,r.,..t p4rulirtior. it bec.rrrt's i.r '.rt.ttt rtttt trt .tkl ttt.rr'.r 'rri. lt i l-

i i '].. ' ir '. , i ' .t. 'nl. tt urnrItl lrc IrrrcÍit.i l l t l l thr. fit.ItI tlI ittst't.t Itr'nlatrr|.

.ř ']. it..*.,.i.. ' rrsiug the s*trtt. s1x.cies rí..tt'st.ittst't.t rr'rrtrlt l rrsc tht'

. i i ' .] t."hni.t.*', ' si l thnt \,lriati()rrs attri l lr ltallIr,t(t (l iÍli.Í(.tlt t('(.l|-

nitlut's cortl<l lr tttittitnizt'd.

19.6. Summary

Techni<1ues are availal)le to in\'('stigate changes in htrxx ltc pr4rtla-

ti"n. '. i-ai"g ťel| nunrl)ers (THCs). cel| types (DHCs). an<l blrxx|

tolt-".. M.*aru"r, these parameters carr be contbined to dctt'nttitte
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\ r r r . ' l r |  |  \ \  l . | í i  l ' l l ' . ! l t . I l \  l | ' I l l .  | ' l . ' l \ ' I t | . r r ' ' l l ' . . . r . ' . \ l | .  ' l l . l ' ' ] ! ' | | ! t | , '  | | | | l l

. . x \ r . i l l r  l l l ' l l l r l .  | l l l / ! r t Í \  (  ' l l .  l , / / .  ' t l . . /  / l ] /  l s  
. ;

\ i l , r ' l r l  |  \ t  l 9 ; l  l l , ,  l ( , , , ( r \ r , , , , r 1 ! . r , r .  l !  \ l  l { , " 1 . r , , , ,  , , 1  t t 1 ,  l t , t j , t . t  ! 1 1  |

l r \ , , n i . l , r l , . l  \ L r , l r r r r ,  l ' r , . .  \ , s  \ . ' t l

\ r r r r l | r |  |  \ r  . r r l |  ( .  l .  | | r r l l '  l ( | : | |  | | . Í  l l | ( ' | l ' | '  . | \  | l l  l  l  l ' l . | l , l ' | .  l  '  I

f r , t r l , ' l ( r ' ( r l . ' 1 " ' ( l r í r r r r r l r .  1 , . t ,  l , l , , n  ; ,  l r l r j  l - '
( . l . r r l .  l ' '  \ \  n ' ! |  | )  \  ( . | l ' l l | l ! Í ' ' l | t  | l l i '  | | l l  l r a r  r t r . '  r t . .  . . I  l ' . ' | , . I l ' l l | ' l I l ' .  . ' ' ' . l . l  .

p , . r r r w . l . r r r . r  . r ' , , 1  t , , r t r . ' .  , ' l  t l !  t r r r r l  l ' , l l * , x l r  \ r h  I  h ! , , i l t , , 1  \  r  \ , ' . , ,  i  i  r ' \ . '  i
( l r l l , ! ,  \  l ( h l  I  ť r  l l r  r r r r r t r ' . , 1 ,  1 . r  l . ' , \ ,  , 1 , .  \ l t l , , l , , \ t l ! , t  t , t , t , , l , , i l t l t , ,  I  (  , ' 1 , , , r , r , , ,

\ ( . " . f | , . (  ' , L (  l ř r  I ' t r h , , l  L r  l r r , , r , , ' /  l ( , r ,  / ,  r - '  l r , l  l

l r . l ! . r . l t  \  1 1 | ] 5  1 1 , ,  ( l k ( ! , ' l . k , t r ( . ! r ' l \ n l x ' , t r r l t , , , . , r t , , , , r l "  l , l , , " l , , l l ( , r , , , r , , 1

t l " ' . . x | ' . ' . ( l |  / l , / l l ' l | , | | l l ú l l l | ' | '  \ h l |  l , i , ' l h . , l '  \ ' l  t , l ' '  . l \  l l l '  ] |
( : t ' | Í . ' . \  l ' ' . | ' Í | l )  t  s r r l h r ' r | . r r l I  l ( ř s  l : l | ! . t ' . ' l . . l i ' l ' l l . . l l . l . | . . ' . ' | . l I l . ' ' . l . ' t ' . . { l l l | .

I n ' r r l x r t r ' .  l r l |  r r r r r | c r r t  ( | ) ' | | Í ' l ' l l ' | |  , n t , . , I r l n l | , | i l  l , i l t  l  ' ' l ' , ' l , , /  \ . '

t ' l |  '  ó l  9 | ( ) '  I h

' l ' ' | . ' \ . J  ( :  | ! } Í i  I l l r ' I l ' r r l x r t r ' '  n | \ , ! ' , ' , I l , . r y i l l ' n l l i l l . l  | , . l ' \ . ' l  /  \ l . , l l , / l . ' /  ' / ' /  ] | l  1 ;

. 1 , ' t " . .  |  ( :  l $ 5 7  l ) l ) l . r ' t r l r h ť l ' , . r ! N t t .  r ) r ( t " r !  , ' t t l , .  r ! , . , 1 " , , r r I  t , , r l , t t ' , n t , , l t t , , '  l

l  { ' , l l  {  unp , , / ' l \ ' l , /  í ]  | ! . }  b

J . ' Í ' ' .  |  ( ;  | 9 5 9  {  | ) l l . ' \ . .  (  l ' ' ' t Í i l \ |  { ' l l \  . i l  t I r . '  l ' l . ' ' |  . . ' | | .  l ' I  t , ' . ' . / ,  ' . l . l  l l r l . l  . (  t r ' I r  r

I l . | ' | ( | ( { { ' . Í i l )  ( )  /  t í k t l ' ý  s l t  l í f l  | ;  ! J

, | t r x ' \ . l . ( ] , | 1 Ď ! ( i ' í t . ' ' t ( 1 t r t r a . p t \ ( l ' I n r ' Í t | | | | ! | | | \ ' ! t l r r r l l r r r r ' \ , t , , l / , , , l ) ) | | 1 | | |

J ( ! ' ' l . . . J  ( ; ' l Í * i 7 l ' ( ) | r l r l g l . s r r r t l r ' l l ' r r r r r r h . 1 l r r l r r r ' r r l { J r l i i . r r l r l r i l r , l l l / r l r | - r r r r r a r r r '

Rn l  l i r l l  t l l , " r / '  r r , , l .  r  I  t J  J l  M

l r l r r . . . J , ( : . l l * i ' l ) ' \ . t r ' u I l I l l l r ' r r ' l i l r a | r . l r r r t . . Í l ' . Í ' l ' ! i \ t ( ' . l l I t I l . ' t I l ' t I l l ' ' . . { | \ \ | ' . l ' I t l
h r r f i n l i n l l l r x l n i u r  J  I n r r r l ' h y v t l  I t  I l ] ]  l l

l l i l ( . \ . J ' ( ] ' . a ' ( l ( )  l ] . | . a r r l l , r  | 9 í  ' { | l r l n r r . r I l r r . r r r r t r t r ' l ' ' | | ' | . ' . l l $ . ' t ' ' l ' l , . . . , . , , ' . ' , ' . ,

l i t d  1 . . \ . A i l n  l l n t o n t l  \ r r  . { ' ' . r  l ; " 1 J 8 , { {

x i t J ' x ' '  I l '  I  L Í , ! l  ( ) ' l  t h .  l ' Ň a |  h c r r t x r t '  r r l r r r t l  r r l  t h r .  I a r r . t  r l {

l ( r l i l . , ' ka . !  Í i l y \k '  r ruťh o| i l  l | . l r v l r r ta l  r I ' | l | L x ' '  q l t l l  t l ' t r ' I l ' | | ( '  | Í ,

the absotute numbers ofhemrx'ytes within an insect at { giveu ttnl('()l

;h;ch iň.'Ú;iortunately, many, stu<lies have involved a si||glť pa.

;;;ů;. Th; reliabil ity of ihese tlchni<ples must lr critical11'el.tlu.

"i.J 
'" tt'.t only the úest availalrle ()nes aÍe usťd in hemat()logicill

,t'Ji".. w. .u,i answer the questiorr: Drres heat fixation presen,ť thc

hema'yte population in sifu or dms it artifactua|ly cause |ďgť nun)-

;;;Í;;;yte, to 
"'t". 

the circrrlation. Perhaps, each.methfi| l r r  I

Once a

deffáed as to its best usage, so that a mosaic of techniquťs

advmtage.
llío! use' it must be followe<l precise|y

Variations in a method might in results. Assumi

l l . 5 l t r t J ' t t i t

( l l r i l ( . r ' { i l .  r r  l l r . x ' x ' r , 1 i l  )  A , r r t t i l

l í  l , l i t x l  \ . ' | ' ' ' ' t r .  s  r | | l  . l r r .  r r r  ( l x '  ( | . 'ý . i l  | lX  . | \ |  l \1  / | l \ r . '

Ih .  lMfd\ i t i& t i ' i l l  ( í  ' - l /d l rť lť|

l l t ' .  R. t l

that a given method is canied out well,-ňl]FElllnEilst R€ glven

to thelst insect. The population should be deffned m-to asel s!c:'

ff iúfu řor\|')'! ' tn\ťú Phurl' l. ó jI'.5t'
\ í a l s u n l i l r r .  l . . .  a r x |  I l .  S a l u r a i ,  l g ý i '  ( ) ' r  l l r  ( | ( , ' | \ ' t I  l í  l L ! . l ' l I x \ t t , l  l r r  t I r r ' I l l r r l l  I l I t r I

í ionr  a  urxr r l I  i r r  Nonr l ,B  n , i l r i  | ' , , . l  sí1 l .  s .  í  ' / | l  ! i  |{7  | i  r  l r r  I l1 r r r l r 'w .  l . ] r r l l r ' l r

\ i l pp i '  A .  J . .  an(|  ' | '  ( ; .  sk ' í l ; l a t 'o .  J r  l972 '  l Ia t r r l x  r t r r  l  l r ru rgr . r  . r lwx r . rh ' r l  l  r t l r  t | r l '  r r r r
n|uD( '  Íc&t i (x |  oÍ hťmr l l x |e in lť({ť( l  |ana"  .í  ( ) r thr l ln  l  a twwl  l , l t l l t t . , l . , l l
6.5j2g5-3{Ž.

Napp i .  A .  J . ,  an<|  F-  A .  S t reanr r '  |Í i0 '  l |au lx ' \ lť  Í . . i l ( { | ( , | | r  l ' l , ) t lw l l l l u  n t l ln t '* l l r t
k} thť lxÍoites Pf.,u.,|onlla ilu4lip(| ald P. lnltu,i ], l n!ťl't I'h|\ul l 5 | 55 | - ís

Ninono. Y. ltr0. sfudies on thť l,|fix| (ťl|\ in lhť \i|l* onl. Bonlnt wlrt | ' l|lll 5u n

E,|. s ln. (Tokuo| 16:|7| -2ť|6.
Peppenheim. A, |9|4. Cltniul Eronhuilitn 01' |h( B|ilXl unl tl\'t'.ťlniqu' wJiy|n'

Brisaol.
P.lton, R. L', and R. A. F|int. 1050. Thc l'rňrtiul il thc lr|rxx| crl| ttnt| o| PLripluu,ta

orc,7co@ (L.) during e mo|t' ̂ nl' |]níl,'Í'l Sot' Anpr '12:2.|||-2.
Bic{udsm' C. H., R. C. Dundenc' and C. W' l]ar|r'son' tíř} | ' ,rhť (|ťk.r'nit'atÍ''. (í lhl.

blood volum ďinwt |rn-r' Aln. Ennnnl. Su'' Ane r. 21:||t|-i
Bmnberger, C. B.' ud f. C. |mes. lso. shld'ťs on t(el blrrx| trlrnts lí tlrc vlrthtrn

m'W |nry Prdcnlo eÍidanla |l2pi<|.,ptefu|' Ann' l:ilt.'ilkl' soť Ailú'.
53;3tll -5.

sh.píĎ' M. 166. P.rholo.ic (.hegm in tbe b|íx/ of tbe treeter ual nlth. (jollrdo
mc|lwlh (Linnru:)' duÍinÍ thť (íru.* i'f šbn'Bti('l anr| rrur.|t4xr|rhtr|rllsl'
Ph.D. t|resis' Univenity ďcdif(n.e. Be*elr.r' (,.e|iÍllnria

.t , *a ** i" ood.r to minimize inherent variations' lf pe riodicity is

" 
páúr"- as faÍ as repmducibi|ity of data is conemed' th€n tests

mustbe canied outat the gme time. Is peňodiciý of hemx'yte popu-

i.uá.. . p.ul.-? The growth and devélopment of the inseďs should

u" opti*.I .'"du' |ebontory onditions. The use of semisynthetic aÍti-

úJ dt.t' and lmproved reÚing techniques should improve the

'ň.r.ňiJó*.ti and minimiá the variability of food mateňďs.

tns'
&

nrfrrcnocr
Anold. t. w rÉr Tbc brancvtg ďthe Meditem lal moň, Epfirrfia *riá.

láL zo||. (Iardor'tcn: PyĎ||didr.). cd'.,'7aL$:3&.aI. '. ..
Anold. t' w. rgb. Etd. ďéÍtdn fumi!.Ň m hE'tloq|e.r ďl'E Mdtlm@..-e;';Á- 

E'i".í. lďthrlr//l zc|t. 0:pidopcn: Pyn|id|d*). Ca' l. 7al'

&iló-?..
An..d' '. Y. rs. Á! l!i.íp.t.ú6 ďr|rc b*oocyl ogůcr i!...ton€íy'^(ř----rJrir 

r'W Ofcc*c Pcr$dr)' Cor' Enroful' S:3e'Jll'

''"'lllii,)1,,1"";,,],i'l'il,l::,,,":,i:;",-i,lll;,1,Il;'i':'ll:; :;:':llI "l l' i 
"l'1"l; ill I1'

:'1,,:': ';;,,;; ; i,,,., ', 't" r', 'rr"'t ' ' 
lL',,,1 

t,,,,,,,, 
,,r ,r,, (,,. i l, , $ ,. ,,,.{r', ,. ,ri "',,

'" ' ';;;,;,,)1,,1,,T,,,1';i l l"i,: ', l l; l: l; ': '::l ' '1""'r'" "" " 'r r)rtr"rr' lr 'rrr' ' r""' lr

. ' . , . . , r  l  i ' ' ' , ' ' . t ' ,  l l l l i l ' ' l  / í l ] ' } { | | , l , t ' '  
l \ r í |  | | i . t | t . \ \ t ( . I l . l r ' r r . . r r r l . | ' \ . ! ' . n t I l .,"' ' i:::i iJ:,,:: 

,l l,)i;;,1 ::'::l i;,,)1,,1;' '- '; i: ' "' 'r"'t"' ' 'r"'r"^" 
\rrr^ I rtrr""j"

. Í.| iť.l*-i* ll',Tll;i lT;.::tlť' l;;l;1í;;1" ll:;:.. ll ;i, i, j']l ;li'.;il

' . . . ; l . ' l . . i : "  I s l  ! , t l r r t r . r I r r l r r l ' l ' i l | i l l | | | l / n t i | i l l 1 i l | ! i l . | l h ( ' l | l l x . \ t ( ' ( ' ( i l l | i l \ . i l l J n n ť' . , .]] i . ' . ,r i . , , . .m.l l . , l i l ,r l . lrrr lrcrn'. l , . i i ; l . i ,Íi, ' , , . . , . , . ' l ' l1;.,[,,, '*...,1';. ' . '1. ' ' ; ' . .
'"'';.l,ll,l:i;'J:|,'",1,,,::;:i;;;;,i:i;;iJ;:';";' i""" r"ua sra" ( "rr '

,".Ťjl,:.i.,l;,ll]i.:'"l'.ii:.'lil:,.:":,,.J"l]:;lll;:::l'lll;];-1],;:::l];i.l.l'"i:;,l

'*ťliiiÍ.:'*:"[:J:?i;:.,l-l]:...ill,:ii.l:;l:]]]:ilťl;illl'..'.',l'i,:]].l],:;::;l;l.:l

' li'*. iř.l]{:l',.'::'..l.:l;::lil.l*}fi.ň.ii;ll:;; ;l,i,iix:l,;j;.1l;;;.):
*' l*jii; n., l*"'[l'I. ::l-;ii:[,:]iŤ;,:".á:",1..*}T; : :l ji'i;:]ll,'ffi :

25^li  L -rn,, l r  moh urhrure rhrrrnr rhc nurttrrr e vr l"r l  P '  n

\]::;l:JT.';#i:]Ťlilil.il:::'];il;i' i).,.' :' l.zr. . ...L.'í*];*i[' ##T l* lil'..ffi"[:;*:Í Íť ,l:;'::llll'j-':" .':,:.i Í#;
-'J.ilij.ff,#r:iiil*I.lř,ť-illi il H:|$j .:ť.ť] j::x j;:#'iiil.Í l
' . .T, l; i  l9{Ú.Thch|mdpit l l reofthesouthenrmy*onn(Prrxleniarr ir lanio).J '

v..ťi ' ; . 'í: iuno 
lso'  B|qd vo|ur of tht.nu<.h Pcr it ,Ioí.!o of Íit i i

l*ffilfl!él#ffi"ffi iff,#l^bj'i;.l,.ff 'š.l1;l":'
nad, P Jtlgiw' wih rnr

!s:3ts-2?'


