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INTRODUCTION AND LITERAT URE REVIEW

. T his study w as undertaken  in  the hope that it  .m ig h t, in  so m e  

s m a ll  w ay, in c r e a s e  our know ledge of the in tern a l an atom y of the h e m ip ­

tero u s  in s e c t s .  Som e o f the fa m ilie s  o f th is  ord er  h ave been stu d ied  

quite e x te n s iv e ly  in so fa r  as rep ro d u ctiv e  and d ig e s tiv e  s y s te m s  a re  co n ­

cern ed , The fa m ilie s  M irid ae and C im ic id a e  a r e  good ex a m p les  of th is ,

. O ther groupsy on the co n tra ry , have b een  the Subject o f  l i t t le  in v e s t ig a -  

, tion  as is  the c a se  in  the fa m ily  C O reidae, W ooley (1949) m ad e a study  

of th e d ig e s t iv e , rep ro d u ctiv e , and n erv o u s  s y s te m s  in  th e  box e ld er  

bug, L ep to co r is  tr iy itta tu s  (Say) (C oreid ae), In 1951, he stu d ied  the  

c ir c u la to r y  sy s te m  o f th is  sa m e  in s e c t ,  and in  th e s e  tw o w orks he h as  

given  a fa ir ly  d e ta iled  d e sc r ip t io n ,o f  th ese  s y s te m s .  He fa ils  to m en tion  

anything of the s o -c a l le d  sym pathetic: n ervou s s y s te m , h ow ever.

An e x c e lle n t  w ork  on the n erv o u s sy s te m  of the la r g e  m ilk w eed  

bug, O ncopeltus fa sc ia tu s  (D a lla s ), by R utschky and Stryjak  (1955) p ro v ed  

u se fu l. The n eryou s sy s te m  in  th is  m e m b er  of the fa m ily  D ygaeidae w as  

found to be v e r y  S im ila r  to that in  the c o r e id  under stu d y ,

A  co m p reh en siv e  study of the a lim en ta ry  ca n a l o f th e ord er  H em -  

ip tera  w as m ad e by E lso n  (1937). The m e m b er s  o f  th e o rd er  w e re
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Studied in ligM  of th e ir  d ifferen t feed in g  h a b its : plant suckings p red a -  

c eo u s, a lgae-feed in g^  fungi-feed ingg and the b lood «su ck in g  insects^ . The 

trea tm en t in c lu d es g en era l but va luab le  in fo rm a tio n  for  anyone in te r e s te d  

in th is  sy&teiru ;: i * - - , _ \ , ,

S e v e ra l outstanding w orks on in s e c t  g en ita lia  h ave b een  done in  

the past» The rep rod u ctive  sy s te m  of the la rg e  m ilk w eed  bug, One op e l -  

tus fa se la tu s  (Dallas); w a s-d e sc r ib e d  in  g rea t d eta il by Bonhag and W ick  

(1953)» Both the m a le  and fem a le  s y s te m s  w ere  tr e a ted  in th is  e x c e lle n t  

worko As w as the c a s e  w ith  the n ervou s s y s te m , the s im ila r ity  betw een  

the rep rod u ctive  sy s te m  o f th is  ly g a e id  and A canthoc ephala  is  Strik ing.

A num ber of c la s s ic  w orks on in se c t  g en ita lia  in clu d e th o se  of: N ew ell , 

(1918), C ram p ton (1922), S in g h -P ru th i (1925), S n od grass (1933, 1936, 

1957), and M ich en er  (1944)o;



M ATERIALS AND METHODS

S p ec im en s u sed  in th is  study w e re  c o lle c te d  on v e lv e t  ash  t r e e s ,  

F raxin u s velu tin a  T o rr . , on the Santa R ita  Range R e se r v e  40 m ile s  

south of T u cson , A r izo n a . Som e o f the sp e c im e n s  w ere  im m ed ia te ly  

fro zen ; the r e s t  w ere  m ain ta in ed  a liv e  in  gallon  ja r s  w ith  c h e e se c lo th  

s tr e tc h e d  a c r o s s  th e top . V ia ls  w ith  co tton  p lu gs p rov id ed  a so u rce  of 

w a ter . S e v e ra l d ifferen t foods w e re  tr ie d  ov er  a p er io d  o f five  m on th s. 

S m all m esq u ite  sh oots w ere  Supplied freq u en tly  un til th ey  b ecam e too  

dry in la te  O ctober. The d iet w as then changed to  g reen  beans and 

Su m m er sq u a sh . F in a lly , o n ly  green  beans w ere  given  to  the in s e c t s .  

No attem p t w as m a d e  to c o r r e la te  type of d ie t.w ith  ra te  o f su r v iv a l, 

although Som e sp e c im e n s  w e r e  a liv e  a fter  f iv e  m onths under th e se  con ­

d itio n s . S e v e ra l w e r e  d is s e c te d  sh o r tly  a fter  th ey  had died; often  the  

in s e c t s  w ere  a lm o st c o m p le te ly  d e s ic c a te d  in tern a lly  w ith  only  a tr a c e  

of the abdom inal p o rtio n  o f the a lim en ta ry  canal r e c o g n iz a b le . It w as  

not d eterm in ed  w h eth er  the deaths w ere  due to a d ie ta r y  d e fic ie n c y , to  

so m e  ab n orm ality  in  the r ea r in g  co n d itio n s , or s im p ly  to  s e n ility .

F rom  tim e  to tim e  a few  o f th e liv in g  in s e c ts  w e re  p r e se r v e d  

in  SO p er  cen t a lco h o l. L a ter , th e s e  w e re  com p ared  w ith  the sp ec im en s
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that had been fro zen , and the la tter  se e m e d  to have been  m u ch  b etter  

p r e se r v e d  for in tern a l m o rp h o lo g ica l s tu d ie s . F or the m o s t  p art, the  

d is se c t io n s  w ere  m ad e on p r e se r v e d  in s e c t s  under a s te r e o sc o p ic  d is ­

se c t in g  m ic  r os cop e , the sp e c im en s  b ein g  pinned out in  a  w ax-b ottom ed  

p e tr i d ish  under 80 p e r  cen t a lco h o l. C erta in  s tr u c tu r es  w ere  rem o v ed  

to  a w atch  g la s s  and p la ced  under a lc o h o l for m o re  d e ta iled  study.

In stru m en ts for  d is s e c t io n  in c lu d ed  N o. 3 and N o. 5 Dumont 

w a tch m ak er's  fo r c ep s  and Sm all s c i s s o r s  for sep a ra tin g  s c le r o t iz e d  

a r e a s . A  m eth od  for  in fla tin g  the p h allu s d e scr ib e d  by A sh lo ck  (1957) 

u s in g  so lu tio n s of a ltern a tin g  o sm o tic  p r e s s u r e s ,  p ro v ed  u n su c c e ss fu l  

on th is  in s e c t .

D raw ings w ere  m ad e to  s c a le  w ith  the u se  o f an. o cu la r  grid  and  

sq u ared  p a p er .



THE M A LE REPRODUCTIVE SYSTEM

■ .'v ' G en era l s tru c tu re  o f th e  abdom en (F igu re l).- D or s a lly , th ere  . 

a re  sev en  d is tin c t ahdqrnimal seg m en ts  p reced in g  th e bulbous gen ita l 

capsM e in  the toa le«  The eighth  abdom inal seg m en t is  a s im p le  ch it  

inous ring , r e tra c te d  into the sev en th  S egm en t w hen the gen ita lia  are  

not in  U se. T h e  gen ita l ca p su le  is  the m o d ified  ninth abdom inal s e g -  ; 

m en t h o h sin g  th e  phalluS: the a lim en ta ry  tr a c t or

p r o c t ig e r . The ca p su le  is  open d o r sa lly  and the p a r a m e r es  and p r o c -  

. t ig e r  m a y  be se e n  ly in g  w ith in  the ca v ity  o f the c a p su le . Vent r a lly  

ehly. s ix  abdom inal seg m en ts  a re  c le a r ly  v is ib le  a n ter io r  to the ca p su le ,

" the f ir s t  s te r n ite  havin g fu sed  w ith  that p f  the seco n d . , ; y G

T e s te s  and duets (F igu re  l)» The p a ired  t e s t e s  a re  a ttach ed  to  

th e  .p leu ra l a r ea s  of th e  fourth  abdom inal seg m en t by b ra n ch es from  th e  

th ird  abdom inal sp ir a cu la r  tr a c h e a e . E ach t e s t is  is  du ll w hite  tin ged  

w ith r ed d ish -o ra n g e  and is  co m p o sed  o f sev e n  te s t ic u la r  tu bules e n c lo se d  

in  a m em b ran ou s Sheath , L ead in g  p o s te r io r ly  frem . ea ch  t e s t is  i s  a 

s im p le  tube of fa ir ly  u n iform  d ia m eter , the vas d e fe r e n s , w hich  w idens  

p o s te r io r ly  into a sem in a l y e s ic le .  Im m ed ia te ly  behind th is  point the ■ 

tw o  y a s a  d e fe r e h tia  jo in l and on the: a n ter io r  m a rg in  o f th is  ju nction  ;; ;



th ere  i s  a s e r ie s  of outpocketings' r ep re sen tin g  the a c c e s s o r y  g lan d s„

The tube continuing p o s te r io r ly  from  the ju nction  of the v a s a  d e feren tia  

i s  the e ja cu la to ry  duct. It is  m ilk y  w hite and o f  un iform  diam eter^ u n til 

i t  w idens into the b a llo o n -lik e  e r e c tio n  flu id  pum p. W ithin the lu m en -of 

the ejacuiator-y duct l i e s  a ■structure r e se m b lin g  a b ottle  brush , A can a l 

runs through the c e n te r  o f th is  b rush , and th is, is  the tru e  sp erm  tu be. 

Bonhag Shd W ick State that nothing IS known co n cern in g  the so u r ce  of the  

ere c tio n  flu id  in  O ncopeltus, and sp ecu la te  that it  m igh t b e  produ ced  by  

the epitheliurn of the e r e c tio n  flu id  r e s e r v o ir . T his flu id  p a s s e s  , fro m
;•/ : , . : . . ■ ,V h: : . : ■ ''d;: ;:a
th e  r e s e r v o ir  th rou gh  the e ja cu la to ry  duct and into the p h a llu s . The

m ech a h ism  of the e r e c tio n  proCe:Ss in  O nebpeltus is  d escr ib ed -b y  Bonhag

and W ick (1953)./ A lthough th ese  vrorkers d e scr ib e d  an e r e c tio n  flu id
t .■ . : :  . > : i  V'-"-:'-' ■.• - a - ■ -. ■. -  - -v v A ■ .
r e serv o irv in  O n cop eltu s, a com p arab le  s tru c tu re  cou ld  not be found in  • 

A can th ocep h ala . A A , • ' yA-'/. /

■ E x tern a l g en ita lia  (F ig u res  2 , 3). The ph allus is  co m p osed  o f  

two p a r ts , the' p h a llo b a se  and. the a ed ea g u s . T h ere  is  not th e ty p ica l  

p h a lloh ase  and r e tr a c tib le  a ed ea g u s-eh d o p h a llu s  a s sd c ia t io n  com m on ly  

d e scr ib e d  for h em ip tero u s  in s e c t s .  The p h a llo h a se  ty p ic a lly  has a 

r e tra c tib le  aed eagu s attached. to  its  d is ta l end, and w ith in  the aedeagus, 

l ie s  the endophallus. w hich  is  e x tr a s ib le . In th is  in s e c t  the aedeagus is  

p erm an en tly  a ttach ed  to the p h a llo h a se  and cannot be extruded , w h ile  

the endbptiaTLus can be fo rced  out of the aedeagus during cop u lation .



' ; •'

H ow ever3 w ith in  the p h a llo h a se  th ere  i s  a co m p lex  s tr u c tu r e  h ou sin g

: p art o f th e  end/ophalius, ,w ^  Will be . d e sc r ib e d  below . ' .;

;:' V " " The phallus is  con n ected  to a structhr'e w hich  is  a m o d ifica tio n  ; 

of the w a ll of th e  gen ita l c a p su le . T h is: s tr u c tu r e  is  s im ila r  to. the  

Pvm cchanism  d e scr ib e d  in Q ncopeltus by Bonhag and W ick (1953), The . 

sta p es  i s  a  yoke ̂  sclerotiW ed area' -at the ante r ib r  m a r  g o f the f  

ph allobase,- w hen the la tte r  is  retracted .. The dors b i la te r a l  a rea s  o f 

th e  stapes^> ftiC ulate yvith tw o ch ltinous bahds, p h a llic  a rm s s w hich  are  ‘ 

a ex ten sio n s  o f the p o s te r io r  m a rg in  of the gen ita l c a p su le . T h ese  a r t ic ­

u la tion s a re  c o v e  fe d  by a s h ie ld - l ik e  p la te , the p ro m o to r  apod erne. A  :

:m em brappus':Scptnna s e p a f  ate® the p h a llo b a se  from  the abdom inal c a v ity .

v." V ::and in the c en ter  of th is  sep tum  is  a s c le r o t iz e d  a r ea  known as the  

d u ctifer . The sp erm  tube w ith in  th e  e ja cu la to ry  duct p a s s e s  through an  

o r if ic e  o n 'th e ,u p p er  m a rg in  of th e  s ta p es  and b eco m es the sin u ou s, 

;ch iiin oh s: endpphalhis jiis t  p o s te  rid  i  to  the Sthp e.S.

The e r e c tio n  flu id  i s  ad m itted  to  th e p h a llo b a se  through tw o . ■

dppenln'gs d if  entrance, of the sp erm  duct. P o s te r io r  to -d

the s ta p es  is  a p a ir  o f S c le r o t iz e d  p ia te s , one o f w h ich  g iv e s  r is  e to  th e , 

sh ie ld  o f the ‘endophalluS. The other, l i e s  as a s m a ll  p la te  p p posite  the  

' Origin o f  th e  aedea.gus. The endophallus o r ig in a tes  on the p o s te r io r  

. fa ce  o f the. s ta p es  and form 's two lod p s b e fo re  p a ss in g  into the c o rk -.
..■ * /

scr e w -lik e ' a ed ea g u s . , A nother p a ir  of s c le r o t iz e d  p la te s  form  the d is ta l

‘;V>
S

./d -y-'t r/.h,



V-

p art o f the p h .a llobase3 the rem ain d er  o f the ex tern a l a r e a  of the la t t e r

being m em b ran ou s „ The p a r a m e r es  (g o n o sty li o f Bonhag and W ick (1953) ) 

l ie  w e ll w ith in  the ca v ity  o f the gen ita l ca p su le  and a re  con n ected  to  th e:, 

m e m b f a n e l in in g t h e c a p s u le .  ,■ \

< .

■. ' ■■ ■■ . : ■ " ' ■ ■■■;' - ; v

' .'V,",



THE FEM A LE REPRO DUCTIVE SYSTEM

. - '. .1 ■ i _ , ' ■ , , ' , ■ ■ • j
G eneral s tru c tu re  o f the fem a le  abdom en (F igu re 4)» N ine s e g ­

m en ts are  v is ib le  on the d o r sa l su r fa ce  o f the fem a le  abdom en; vent r a lly  

s ix  seg m en ts  are  e a s i ly  distinguished®  T he f ir s t  apparent abdom inal 

S tern ite  is  a c tu a lly  co m p o sed  of s te r n ite s  one and two® S tern ite  sev en , 

b ears a T ra n sv erse  s l i t  im m ed ia te ly  fp lldw ed by two la r g e  tr ian gu lar  

lobeSo S egm en ts e ight and n in e are  each  r ep re sen ted  by a d o rsa l p late  

and a p a ir  o f  p a r a te r g ite s  w h ich  l ie  adjacent to the tr ia n g u la r  lob es o f  

seg m en t seven* The v en ter  o f the eighth  seg m en t is  r ep re sen ted  by a 

m em b ran ou s a rea  betw een  the b a se s  of the f ir s t  v a lv ifers*  The ninth  

v en ter  has in vagih ated  to fo r m  the gen ita l ch a m b ere The p r o c tig e r , 

co m p o sed  of seg m en ts  ten  and eleven* l ie s  w ith in  the gen ita l c a p su le <>

O varies and ducts (F igu re 4 ), The p a ired  o v a r ie s  a re  con n ected  

to: the sp lr a c u la r  tra ch ea e  o f seg m en t three® T h ese  tr a c h e a e  give o ff a 

num ber of bran ch es w hich  en velop e and len d  som e support to  the- gon ad s» 

E ach m ilk -w h ite  ovary  is  co m p osed  of s e v e n  ovarioleSo A p ica lly  each  

o v a r io le  narrow s, into a te r m in a l fila m en t w hich  to g e th er  form  the s u s ­

p en so ry  ligam enta T his is  a ttach ed  a n te r io r ly  to the h e a v ily  s c le r o t ia e d  

c e r v ic a l r in g . F rom  each  ovary  a s im p le  la te r a l ov idu ct p a s s e s  caudad

. ■ V  9 ' V --, ■ ■ V  1 : ■ .
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. to  a point in  the s ix th  abdom inal seg m en t, w h ere  the tw o fu se . F rom  

th is  point the com m on oviduct take s the fo rm  of a. b u rsa  copul at rix„ O n ,, 

the d o r sa l su r fa ce  o f th is b u rsa  a re  found the sp erm a th eca  and the • 

p a ired  a c c e s  so r y  glands . The fo rm er  is  a sa u sa g e -sh a p e d ’ or ga.n w ith  : 

a p u rp lish  c o lo r e d  ca p su le  con n ected  to it s  b a se . In a ll sp e c im en s  

exam in ed , th is  c a p su le  w a s  found a s s o c ia te d  w ith  the sp erm a th eca , and  

i t  is  p o s s ib le  th at the s tr u c tu re  s e r v e s  as a sp e  rm ath e c a l gland. H is to ­

lo g ic a l ev id en ce  i s  n eed ed  to: con firm  th is  poin t. The duct from  the  

S p erm ath eca  opens .through the d o r sa l su r fa ce  o f the b u rsa . The p a ired  

a c c e s s o r y  glahds a r e  S im p le  tu b es o f a 'm ilk y  c o lo r , so  that th ey  are  

d ifficu lt to  d is tin g u ish  fro m  the ro o f o f  the b u rsa . The ducts from  th e se  

glands p a s s  la te r a lly , .th en  y e n tr a lly , to Open into the b u rsa  at the b a se  

o f the .Second y a lv ifer S . . -

■ .O v ip ositor  (F ig u res  5, 6, 7). The la r g e  tr ia n g u la r  yen tra l .lobes . 

of the s e v e n th  abdom inal s egm ent are  the f ir s t  v a lv ife r s  of the o v ip o sito r  

If th e se  lo b es  a re  Sp rea d  la te  r a lly  the bur sa  and the f ir s t  va lvu lae  m a y  

be see n  betw een  th em . The f ir s t  v a lyp lae  a re  jo in ed  to  the f ir s t  v a lv i-  

f e r s  a n ter io r ly  by th in  ch itin ou s bands, The f ir s t  v a lv u la e  a re  fo r  the  

m o st p art h e a v ily  s c le r o t iz e d  excep t fo r  a sm a ll d o r sa l m ernbranous  

a r ea . T he seco n d  v a lv u la e  l ie  above the f ir s t  y a lv u la e , th e ir  ram i 

being continuous w ith  th e  seco n d  v a lv if e r s . The la tte r  a re  continuous



w ith  an arm  from  th e ninth te r  gum » The seco n d  v a lvu lae  a re  h ea v ily  

s c le r o t iz e d  ex cep t for  th e ir  m em b ran ou s a p ic e s , w hich  a re  spinous and

m o d ified  into h o o k -lik e  p r o c e s se s*  T h ird  va lvu lae  are  not present*
■ ' . :■ ■■■■■ / / / ;  ' ,  . . ■■ ■■ . v  ' ' ' .  \  ' /  ■,  , '  _ - ' , - - . ;  v

Snodgras s (1935) c la im s  th at the th ird  va lv u la e  are abs ent a ls  o in  Anas a 

t r is t i s  but a re  u su a lly  found in oth er H em iptera*



/ v- ' ■ THE NERVOUS SYSTEM

v, Unmsxial m o d ific a tio n s  of the c h a r a c te r is t ic  in j e c t  n ervou s s y s te m  

a re  known to  e x is t  am ong s e y e r a l  d ifferen t o r d e r s . T his is  e sp e c ia lly  

tru e am ong so m e  o f the H em ip tera , W ooley (1949), fo r  ex a m p le , found 

a co n sid era b le  am ount of gan g lion ic  fu sio n  in  the brain  and v en tra l n erv e  

cord  o f the b o x -e ld e r  bug, E ep to co r is  tr iv itta tu s  (Say) (C oreid ae).

The p resu m ed  seg m en ta l lo b e s  o f the brain  h ave undergone con ­

s id e r a b le  fu sion  in A canthocephala  (F ig u re  9), P r o to c e re b r u m  and, to  a 

l e s s  ex ten t,d eu to cereb ru m , a r e  d is t in c t iv e  lo b e s  o f the b ra in  w hich  l ie  in  

the p o s te r io r  p ortion  o f  the head c a p su le . The t r ito  c e r e  hr a l lo b es  have  

fu sed  c o m p le te ly  w ith  d eu tocereb ru m  and a r e  no lo n g er  r ec o g n iz a b le .

The lo b es  o f the d eu to cereb ru m , b ear in g  one p a ir  o f antennal n e r v e s , l ie  

s lig h t ly  a n ter io r  to  the p ro to d ereb ru m . Optic lo b es  o r ig in a te  on the 

ant e r o - do r S a l su r fa c e  o f the fo reb ra in . P a ir e d  o c e lla r  p e d ic e ls  a r is e  

from  the d o r sa l su r fa ce  of the p ro to cereb ru m . T h ere  is  no ev id en ce o f 

a s in g le  m ed ia n  o c e llu s . The tr ito c e r e b r a l lo b es  a re  p r e su m e d  to be a t  

the o r ig in s  o f th e c ircu m o eso p h a g ea l c o n n e c tiv e s . Two p a ir s  of n e r v e s  

o r ig in a te  on the su b o eso p h a g ea l ganglion; the a n ter io r  p a ir  p a s s e s  forw ard  

in  the head  to  in n erv a te  the p r o b o s c is , the other le a d s  p o s te r io r ly  in to  the

12
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c e r v ic a l r eg io n . A  s in g le  la r g e  co n n ec tiv e  p a s s e s  from  the p o s te r io r  

m a rg in  o f th e  su b o eso p h a g ea l ganglion to  the p ro th o ra c ic  ganglion (F ig ­

u re  9)» Tw o p a ir s  o f la te r a l  n e r v es  a r is e  fro m  th is ganglion . The 

a n ter io r  p a ir  (LPIN^) in n ervate  the p ro th b ra c ic  le g  m u s c le s .  The seco n d

A  la r g e  ganglion  ly in g  in  the m e s o -  and m eta th o ra x  term in a tes  

the ven tra l g a n g lio n ic  chain  (F igu re 9). T h is ganglion  h as been  c a lle d  

th e  c en tr a l gan g lion  by H am ilton  (1931) and the p te r o th o r a c ic  ganglion  

by M alouf (1933). A lto g e th er , eigh t p a ir s  o f n e r v es  and a s in g le  m ed ian  

n erv e  o r ig in a te  fr o m  th is  ganglion . T he f ir s t  p a ir  of la te r a l  m e so th o r -  

a c ic  n e r v e s  (TiMs ^) a r is e  from  the a n ter io r  m a rg in  and in n ervate  the 

m e so th o r a c ic  le g  m u s c le s .  The s e c o n d p a ir  of la te r a l m e so th o r a c ic  

n e r v e s  (HMs^) b ifu rca te  once (a, b), one p ortion  (a) d iv id in g  th ree  m o r e  

t im e s  (c , d, e ) . N e rv e s  a and b in n erv a te  m e so th o r a c ic  le g  m u sc le s ;  

c , d, and e in n ervate  m e so th o r a c ic  w in g  m u s c le s .  The th ird  p a ir  of 

n e r v e s , the f ir s t  p a ir  of la te r a l m e ta th o ra c ic  n e r v e s  (LMt^ ), lea d  to  

the m e ta th o ra c ic  w in g  m u s c le s .  The fourth p a ir . Second p a ir  of la te r a l

m eta th o ra c ic  n e r v e s  (LMt^)* b ifu rca te  once (a, b) w h ile  branch a d iv id e s
■ " ' V , y e ' . v ... ' " ' - V '■■■ ' - ' ■ . ' .
again  (c). The m e ta th o ra c ic  le g  m u s c le s  r e c e iv e  a and b; th e other (c)

in n erv a te s  the r e s e r v o ir  o f  the m eta th o ra c ic  rep u gn atoria l gland. Four  

m o r e  p a ir s  of n e r v e s  (AN^ o r ig in a te  n e a r e r  the m id lin e  and lea d  to  

the abdom inal v is c e r a . A  s in g le  m ed ia n  n erv e  (GN) runs p o s te r io r ly

p a ir  (•LPN2 ) p a ss  caudad to the m e so th o r a c ic  w ing m u sc le s
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from  tills  c en tra l ganglion . It b ifu rca tes  once in  S e g m e n t.s ix  (GN,
v / .4% :4T

then p a s s e s  into seg m en t sev e n  and b ran ch es again  (GN-^h, * The f ir s t  

n erv e  (G N j) d iv id es once (a, .b)j .branch a le a d s  to the com m on oviduct^ 

w h ile  the o th er  branch (b) in n erv a tes  the v e n tr d - la te r a l reg io n  of the
• v . : A

p o s te r io r  abdom en. One n erv e  (GNg) d iv id es  into th ree  b ra n ch es, a, b , .

y’ and c . The a c c e s s o r y  g lan d s, b u rsa , ahd rec tu m  a r e  in n erv a ted .b y  .. 

nerveS: a, arid bj the sp erm a th eca  r e c e iv e s  the th ird  (c). The oth er  

n erv e  (GNg) d iv id es  tw ice  (a, b, c ), the f ir s t  tw o brariches (a, b) in n e r -  

vating  the a c c e s s b r y  g lan d s, b u rsa  and rectu m ; the o th er  (c) p a ss in g  to  : 

the rectu m  a lo n e , : ■ : • ' : '• , ' ' -^ l : : ;  '

It w as not p o s s ib le  to  w ork out the d e ta ils  o f the s o -c a l le d  

sym p ath etic  n erv o u s sy s te m  w ith  th e  m a ter ia l, a v a ila b le . The co rp o ra
s . . . .  c h '  ................ ' : . y : :

ca rd ia ca , co rp o ra  a lla ta , and fro n ta l ganglion  w e r e  not found in th e ir  

exp ected  p o s it io n s , but th is is  not su r p r is in g  in lig h t of the ex trem e : . • ; 

cep h a liza tio n  a lrea d y  n oted . A dditional m a te r ia l arid r iistb lo g ica i p r o ­

c e d u r e s  m a y  be n e c e s s a r y  to  c o m p le te  th is  a s p e c t  o f th e  nerV ous s y s t e m
■4 : ,

■ v; ,



■ The d ig e s t iv e  tr a c t and as so c ia te d  stru c tu res , in  A canthocephala
— :---------- ---------

g rea tly  r e s e m b le  this" s y s te m  as. d e sc r ib e d  in  other c o r e id s ,  p a r tic u la r ly  

The sq u a sh b u g ; A n as a tr is t is . ( f ig u r e  10). A ccord in g  to  S n od grass (1935)

th e  m esenfcer.on i s  th e  fu n c tio n a l S to m a ch  o r  v e n tr ic u lu s  in  in s e c t s .

B reak ey  (19.36), in  h is  d e scr ip tio n  o f the d ig e s tiv e  s y s te m  o f the sq u a sh
/  . . ' . . ' ' ; : v . " '' : V;: :  ' "''l'':'-' i t
bugs subd iyided  the v en tr icu lu s  into th ree  reg io n s fo llo w in g  the w ork o f  

W eber (19 30), E ls  on (T937), - i n , h is  co m p a ra tiv e  stu d y  o f the H em ip tera , 

reco g n ized  fou r  .a rea s  in  the m id -g u t or  m id - in te s t in e . W ooley (1949)1 

in  h is  stu d y  of the box e ld e r  bug, r e s tr ic te d  the te r m  v en tr icu lu s  to th e 1 : 

f ir s t  r e g io n  of the m id - in te s t ii ie . In th is  w ork th e  term in o lo g y  of Wo o le  y 

haS been fo llow ed  for the m o s t  p art, p a r tic u la r ly  in  reg a rd  to the n u m b er  

of su b d iv is io n s  of th e  m id -in te  s t in e . 1 ,'v . ;'/f '.

. T his in s e c t  p o s s e s s e s  ty p ica l su ck in g  m ou th p arts, s im ila r  to  

th o se  d e scr ib e d  for  L ep to co r is  tr iv itta tu s  by W ooley (1949). The pharynx  

l i e s  a n ter io r  to  the brain  as a s c le r o t iz e d  tube w ith  an grooveda d o r sa l •: 

su r fa c e . D ila to r  m u sc le s  are. in se r ted .o n  the d o r sa l  ̂ surface of th is tube  

p ro v id in g  a su ck in g  pump m ech a n ism  for  the in take o f  liq u id  food s. The  

pharynx p a s s e s  through the tr ito c e r e h r a l reg ion  of the brain. aS a v e r y

: ' . i i '  -  . A i ' ' ' i s  m a i n ' : ;  W  v. - ' . t



sm a ll tube,, then  into the p roth orax  as the n arrow  u n d ifferen tia ted  

oesophaguSo ha the m eso th o r a x , it w idens s lig h t ly  in to  the ven tr icu lu s  

or stom ach  p ro p er . The v e n tr ic u lu s , w hich  is  s a c - l ik e  and often g rea tly  

d isten d ed  With liq u id  food, extends to  the fourth abdom inal seg m en t, 

w h ere  it  b eco m es d ifferen tia ted  into the seco n d  reg ion  o f th e  m e se n te r o n . 

T his p ortion  now tu rn s a n ter io r ly  to  seg m en t th ree  as a n a rro w  tube and  

then  p o s te r io r ly  again  to abdom inal seg m en t f iv e . H ere , it  loops a n ter ­

io r ly  to  jo in  the la r g e r , tu b e -lik e  th ird  reg io n . T his p o r tio n  en la rg es  as  

it  p a s s e s  a n ter io r ly  to  the secon d  seg m en t, then n a rrow s ap p rec ia b ly , as  

it  loop s eaudad again  to  the s ix th  S egm en t. At th is  po in t the fourth reg io n  

o f tbe m id - in te s t in e  b eco m es d ifferen tia ted . T h is p ortion  o f the m id -g u t  

has r e c e iv e d  a .g r e a t  d ea l o f study by d ifferen t w o r k e r s . G a str ic  c a e c a  

a re  borne on th is  reg io n  as th ey  are  by m an y o th er  h em ip tero u s in s e c t s .  

A ccord in g  to G laSgow (1914) th e se  c a e c a  p rov id e  a sa fe  p la c e  for the 

m u ltip lica tio n  o f the n o rm a l b a c te r ia  o f the a lim en ta ry  ca n a l. The fourth  

a rea  of the m id -g u t runs tr a n s v e r s e ly  in  Segm ent s ix  Until it  m e e ts  th e  

p y lo r u s . T his reg ion  b ea rs  two d iv e r tic u la , each  g iv in g  r is e  to tw o  

m alp igh ian  tu b u les . T h ese  tu bules a re  ty p ica l and c o il  e x te n s iv e ly  in  

the abdom inal ca v ity . P o s te r io r  to the p y loru s (ileu m  o f W ooley (1949)) 

is  the la r g e  r e c ta l sa c  w hich  then n a rro w s into the rec tu m  p ro p er . The 

la t te r  opens to  the ou tsid e  through the anus w hich  is  en velop ed  by a 

so le r o tix e d , c ir c u la r  p la te  (p roctiger) fo rm ed  from  the ninth  and tenth  

abdom inal s e g m e n ts . •
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■ I ; S a liv a ry  glands (F igu re  11). E ls  on (1937), in  hi-s com p arative

study of K em iptera,. states, that / ,• \

' ■ The sa liv a r y  glands of p h y to su cc iv o ro u s fo rm s m ay
be d ifferen tia ted , ip  a gene pal ways from  th o se  © fa th er  , 
groxaps (predaG eous, a lg a l and fungus fe e d e r s  and; blood  
su c k e rs ) by th e ir  co m p lex ity . The p r in c ip a l glands c o n ­
s i s t  bf nu m erou s f in g er -lik e , lo b e s , v a r ia b le  in  s iz e  and \ '

v nu m ber. The a c c e s s o r y  glands a re  elongate and tu b s- ;

- -  V : ; ; _

The sa liv a r y  glands in  th is  in s e c t  a re  co m p o sed  of th re e  f in g e r - lik e  

lo b e s , an.x ova l r e s e r v o ir , and a la r g e  p a lm -lik e  lo b e . The glands l i e  in  

• the p o s te r io r  p o rtio n  of the- thoras:, one on e ith e r  s id e  of the -d orsa l s u r ­

face  o f the v e n tr ic u lu s ,, T hey a re  v e r y  v a r ia b le  in  s iz e  and p o sitio n , 

ly in g  m o s t  often  ju st d o r sa l to the la r g e , red" rep u gn atoria l gland r e s e r -  

y o ir , b u ts o m e t im e s  ex ten d in g  a n ter io r ly  into the m e so th o r a x . Two 

tubhleS o r ig in a te  on each  gland at a  point betw een  the c ir c u la r  rese ;r - ;.

v o ir  and the f ir s t  f in g e r - lik e  lobe . The ante r io r  tu bu le, the s a livaryrduct 

p a s s e s  forw ard  th rou gh  the th orax  and  in to  the head c a p su le , w h ere  it  

en ters  the sa liv a r y  s y r in g e . The o th er  tu bule, th e  sa liv a r y  a c c e s s o r y  • 

g la n d ,.p a sse s  caudad to the p o s te r io r  m a r g in  of the gland, then turns

: ' . '  ; ' . ' v  . ■ : ■ ! : ; > ,  . ■

cep halad  to  undergo a S e r ie s  o f loop s in  the m eso th o r a x . F rom  h ere

it  p a s s e s  caudad to  the p o s te r io r  of the gland, then runs forw ard  a ll  

the w a y  into the ’h ead , u n dergoin g a  di'stinjct in c r e a s e  in  d ia m eter  as it  ; , 

does s o ,  Looping back from  the. head  i t  .fin ally  te r m in a te s  b lind ly  ju st  

behind the m a in  gland. 1 .



THE; CIEC U EM 'O EY  SYSTEM

■ The d o r sa l v e s s e l  "with its  sup p ortin g  m u s c le s  is  a ls o  m uch s im p li  

fied  in th is  in se c t  (F igu re 12)» S n od grass (1935) d efin es  the aorta  a s ,  

o <, the s len d er  p a r t of the d o r sa l v e s s e l  continued forw ard  fro m  the f ir s t  

cham b er o f the h ea rt into the headt " S n od grass s ta te s  that the ca rd ia c  

reg io n  m a y  extend  as fa r  as the f ir s t  abdom inal seg m en t or even  into the  

thorax; In A can th ocep h aia , and at le a s t  one oth er c o r e id , th e box e ld er  

bug, a i® verb e tren d  has thhen place« ■ ■ ' ■ .■ '■

Four p a ir s  of a la ry  .m u sc les  su sp en d  the d o r sa l v e s s e l  from  the  

t e r g ite s  o f the fifth , sixth,: and eighth  abdom inal s e g m e n ts ;  one p a ir  a r is e  

on the b a se s  of the f ir s t  v a ly ife r s  w h ich  a re  ex ten sio n s  of seg m en t Seven . 

T h ere appear to be tw o p a ir s  of O stia, one b ecu rr iiig  su b term in a lly  in  the  

eighth  Segm ehts the Other in  the sev en th  seg m en t. T h ese  o s t ia  s e t  o ff  

the h ea r t or ca rd ia c  reg io n  of the long d o r sa l v e s s e l ,  the tru e h eart then  

ly in g  in  seg m en ts  Seven an d .eigh t. One p a ir  of a la r y  m u s c le s  originate:' 

on the la te r a l m a r g in s  pf the fifth  abdom inal te r g ite  and are  in se r te d  on 

the v e n tr a l h ea rt Wali' in  seg m en t siXi.' The s econd p a ir  or ig in ated  on the  

la te r a l m a rg in s  o f the s ix th  te r g ite  and a re  in se r te d  on th e v en tra l h ea r t  

w a ll in  the sa m e  Segm en t, Jknother p a ir  p r is e g  on the b a se s  of the f ir s t



vateifers and a re  in s e r te d  on the v e n tr a l h ea r t w a ll in  seg m en t e igh t.

: The fourth p a ir  a r is e  on th e la te r a l m a r g in s  of the. eighth  te r g ite  and

S n od grass |1935) s ta te s  that "The diaphragm  m e m b r a n e s 'in som e

brain  on the d o rsa l su r fa ce  of the ph aryn x. T his p ortion  of- the pharynx



; DISC OSSIQM AMD ;CONCFUSIONS

•'V :« .

A le w  h em ip terou s fa m ilie s  have been stu d ied  quite e x te n s iv e ly

•in reg a rd  to the in tern a l anatom y of th e ir  m e m b e r s , ' O ther fa m ilie s , >, 

am ong them  the fa m ily  C o re id a e , h a v e  r e c e iv e d  r e la t iv e ly  l i t t l e ,such  • . 

atten tion . T his s tu d y  p r o p o se s  to  th row  fu rth er  lig h t  on the in tern a l 

anatom y o f one of the groups that has r e c e iv e d  l e s s • a tten tion  in the p a st, 

and thus to- hoh tribtite  W.-dur. khdw tedge ■ th e ' an^toti^y; -of ~the. H em ip ter  

as a w h o le . , The fem a le  rep rd d u ctive  s y s te m  is  of the ty p ica l he'naip- 

tero u s  type,' v/h ile  the m a le  rep rod u ctive  sy s te m  ex h ib its  so m e  unusual 

m o d ific a tio n s . T hes e .m od ification s have o ccu rred  in  groups.: o th er than  

: the 'C breidae as' i llu s tr a te d  by the W ofktof Bonhag and W ick (1953):on = ■■ / ' t 

O ncopeltus faS ciatu s (D ygaeld ae). . A  h ig h ly  .sp ec ia lized  flu id  pump c o n - ' \ 

•trols the e re c tio n  and ex tru sio n  of th e p h allu s fro m  the g en ita l ca p su ie .

In A canthocephala  th is  pTimp ’in ech an ism ' is  p r e se n t , though the o r d in a r ily  

r e tra c tib le  aedeagns haS b ecom e f ix e d  fq  the iririer w a ll  o f  the p h a llo b a se , 

the endophallus s t i l l  being capable o f ex tru sio n  from  the aed ea g u s. The , 

d ig e s t iv e  S y stem  i s  ch a ra c ter is tic ; of the known p la n t-su e  k ing h e m ip te r -  

axis. T h ere  is" a  s a c - l ik e  v e n tr ic u lu s , fo llow ed  by a tubular secon d  shd: , 

th ir d  p o r tio n s . The th ird  reg io n , h ow ever, is  often  bulbous in other



p la n t-su ck in g  h em ip tera n s,,; T he fourth  p ortion  is  a lso  tubular, and b ea rs  

g a str ic  c a e c a  for  b ou sin g  b a c te r ia l A ccord in g  to B iso n  (1937) th ese  

ca eca  are  p r e se n t on the fourth p ortion  o f the m id -in te s t in e  of p lan t-  

su ck in g  h em ip teran s but not in  Such groups as the s e m i-  and fu lly  p r e -  

d aceous h e m ip t e r a n S .P ep  toco  r ls  tr iy itta tu s  is  g en era lly  a plant fe e d e r  

but m ay. feed  on an im al flu ids o cca s io n a lly ;  th is  in s e c t  la ck s  g astrrcccaeca  

E xtrem e, cep h a liza tio ii and fu sion  have, taken p la ce  w ith in  the cen tra l 

n ery o u s system ., S im ila r  m o d ifica tio n s  have taken p la ce  once again  in  •. 

groups other than the c o r e id s . • O ncopeltUs fa sc ia tu s  i l lu s tr a te s  e s s e n ­

t ia l ly  the sam e ch an ges in the c e n tr a l n ervou s s y s te m . The th ree  lo b e s  

of the brain  and the su b o eso p h a g ea l ganglia  h ave m e r g e d  com p letely*  

C ephaiization , has r e su lted  in a n erv e  co rd  conta in ing  but tw o la rg e  

ganglia  in  the th orax . The c irc u la to ry  System ' shoves a red u ction  in the  

num ber o f a la r y  m u s c le s  and heart c h a m b er s , Es sig. (194?) .States th a t  

the H em ip tera  in  g en era l have f iv e -c h a m b e r e d  h e a r ts , a lthough the h eart  

in th is  in se c t  has but one elon gated  ch am b er ly in g  in  the sev en th  and 

eighth  abd om inal S eg m en ts. In lig h t of th is  red u ctio n  in  num ber o f h eart  

ch a m b ers , the aorta  can be c o n s id e re d  as extending p o s te r io r ly  from  the  

hepd into the sev en th  abd om inal seg m en t w h ere  it  m e r g e s  w ith  the h ea rt. 

Other c o r e id s  a lso  show  a red uction  in  the num ber of a la ry  m u scle 's; 

E eptocprlS  tr iy itta tu s  p o s s e s s e s  th r e e  p a ir s , w h ile  A canthocephala  has ... 

four p a ir s  supp orting  the p o s te r io r  reg ion  of the d o r sa l v e s s e l .  A  ty p ica l  

d o r sa l d iaphragm  is  ab sen t. . r



SUMMARY \

. The m orp h o logy  of the reproductive*, n e r v o u s2 d igestive*  and

c ir c u la to r y  s y s te m s  o f the bug* A can th ocep h ala* w as stu d ied  in  g r o ss  

detail* The rep rod u ctive  sy s te m  of the fe m a le  is  of the ty p ica l h em ip ­

tero u s '.type,' w ith  the excep tion  th at th ird  w alvulae a re  ab sen t from  the  

ovipositor*  An a r tic u la to r y  apparatus and ere c tio n  m e c h a n ism  for the  

p h allu s * as d e scr ib e d  by Bdnha'g and W ick (1953)* are  p r e se n t a lso  in  

the gen ita lia  o f th is  m ale* F u sion  and cep h a liza tio n  o f  p o rtio n s of the  

cen tra l n ervou s sy s te m  have occurred* T h ese  are  ̂ showne .. p a r tic u ­

la r ly  by the la ck  o f any ex tern a l ev id en ce  of a tr ito c e re b r u m  and a to ta l 

’ o f only two th o ra c ic  ganglia  in  the en tire  v en tra l n erv e  cord* The d ig es  

fiv e  sy s te m  i s  ty p ic a l:for- th e  H em iptera* G astr ic  c a e c a  a r e  borne on 

the fourth reg io n  of the m id -in testin e*  w hich  is  v e r y  c h a r a c te r is t ic  of 

the p la n t-su ck in g  m e m b ers  of th is  order* A lthough E s s ig  (1 942) s ta te s  

that the H em ip tera  in ’ gen era l h ave f iv e -c h a m b e re d  hearts*  only one 

heart cham b er i s  p r e se n t in  the d o r sa l v e s s e l  of A canthocephala* Four  

p a ir s  o f a la ry  m u s c le s  support the d o r sa l v e s s e l  betw een  the f i f th . and 

ninth abdom inal segm en ts*
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1„ D o r sa l v iew  of m a le  rep rod u ctive  s y s te m , (x 8)

2,, A n ter ior  v iew  of p h a llu s , (x  25)

3. A n ter io r  v iew  of aedeagus and en d op h allu s, ;(x  20)

4, L eft s id e  o f brain  and su b o esop h agea l ganglion , (x  21)
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5o D o r sa l v iew  of fem a le  rep rod u ctive  'system.* (x  8)

6, Y en tra l v ie w ? p o s te r io r  reg io n  of fem a le  abdom en w ith  f i r s t  

v a lv ife r  rem o v ed a (x  11) , *;

?• ; D or.sal v iew  of f i r s t . valvulao (x  28)

8* D o r sa l v iew  o f seco n d  v a lv ifer  and valvula» (x  36)
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9. D o r sa l v iew  of brain  and ven tra l n erv e  cord , (x 8)
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10. D o r sa l v iew  o f a lim en ta ry  can a l, (x  9)

11. Y en tra l v iew  of le f t  s a liy a r y  gland and a c c e s s o r y  s tr u c tu r e s , (x  X5)
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V en tra l v iew  of d o r sa l blood v e s s e l  and a la ry  m u s c le s G (x  11)
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