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INTRODUCTION AND LITERATURE REVIEW

. This‘ b‘study was undertékén in the ho@e‘that it rriir‘ghtt, » in."some
small way, i.nvcrea'se ou‘r. knoﬁledge Qf the interngl anatomﬁr of the hemip«
| térous insects. ‘S‘ome; of thé families of this order hav;e b.éen studied
quite extensively 'insofgr as re:produciti'vey and di gestivé, systems a:*fe con-
cerned.. The families Miridae and leﬁ.icidae.are good exarx;p,ie‘é of this.
.. Other gr’éﬁpé, AQ‘nAt_Hé’_"cont‘xf’ary‘, ha{?é bééﬁ the ‘/s“kubjec‘vt of little in_vestiga-» |
tion-ds is the case ‘in‘:tﬁe ‘farﬁily Co%éidaeo Wooley (1949) made a study

~of the digestive, reproductive, and ‘n_er‘vous‘ systems in the box elder

fbiug’, 'Leptocofi’s trivit-tatx‘lsi(Say') (Coreidae).  In 1951, he étudied thé .
circqla‘tdfy sy‘s“tem of thi's ’s‘allne ins »e,‘ct,::_ and in these t\xvro‘ xﬁ:vorksh»e Ea-s

‘: given é ‘:Eairly deta'ile;d description.of these s‘vystems, He fails to méntion,
'an"ything of fthe‘sé;called_syinpathetié nervous system, however.

. An excellent work on the nervous system of the large milkweed

bug, O'n'cop’eltus f'a‘s‘g:'ial’gus (Dallas‘), by Rﬁtschky énd 'Str\fjak (‘1 955) proved
ﬁsefulo Tl"lek nebrvfous Sy“sterﬁ iﬁ ’chirks “me;mber of the family‘Lygaéidé;e was
foAun‘d" to be very Sirnilar' to that in the coreid under study.

A cémp_lje‘tl:_e'n'éi“/;e' S‘tl_ld‘y:: ‘of .‘thé al'unénta_;y 'canalu-:of the order Hem=

iptera was made by Elson (1937). The members of the order were

1



studled in llght of thelr dlfferent feedmg habrts plant sucking, preda-

y c\,ous, algae=-feed1ng, ‘f‘u‘r‘lglnfeedmg, and the blood=-suc}*1ng msects, The
| t?eatm.ent ing:ludes general but valuab]te information for anyoné iﬁte_:reé‘é:ed
o in tﬁis&;slyste@f-,‘ R
| Seyéré.l 6ut$t>a,ndiﬁ'g"x.7v;3rks on iﬁsgé‘ﬁ geﬁitalia have »b'e"er‘l“d(')ne‘ivrr'

the past. The reproductive system- of the _'large‘ milkweed bug, anépel- .

' tus fasciatus (Dallas )ff Wa‘.s;:d_e.SCﬁBéé in great detail by Bonhag and. chk ,
(1953),  Both ‘thé‘mélefaﬁd female systems x}vere"treated‘.in this excellent -
- work. 'As was the case vvlth the nervous system, the similarity between.

thé repro-duc,tiVe s”ystem ‘of this lygaéi‘d'an~d Aéanthocephé,la is sffiking.

. A number of classm works on 1nSec‘t gemtalia 1nclude those of: Newell |
’(1918), Crampton (1922), Szngh-Pruth1 (1925 Snodgrass (1 933 1936

: 19157), and Michener (1944)&



-MATERIALS AND METHODS

Specimens used in this study were collected on velvet ash trees,

Fraxinus velutina Torr., on the Santa Rita Range Reserve 40 miles

gouth of Tucson, fthf'izon.?sn° ‘ Some‘of the specimens were immediately
© frozen; "che ‘f’est were m‘aintained alive in ga’lloﬁ jars with cheesecloth- |
stretchéd a_cjro-s‘s the t(.)puV Vials with cotton plugé Isrovided‘ é, source of
water. S,everél' d';iffe:ent foods were tried over a period of five months. .
Small mesquité shoots were Supplied freqﬁently until they became too
dry 1n laftek October. Th;a d:.‘get: Wa‘é then changed to green beans and
~9u1nmér squash. Fina,llyk, ox.lly green beans were given to the insects.
No ,attempt was made to correlate type of diet with rate of survival,
ualfhouiéh some Speckimeli-'s were alive after five months I;LI]:.d-er these ckOn-
ditiénsq Several were dissected shortly after they had died; often the -
insects “We_ré almosf completely desiccated ihte‘rnally with only a trace
éf the abdominal portion of the ali;néhéafy canal 1;eco_ guizable. It was
not ‘determined Whether the deaths were due to édietary deficiency, to
some éi;normality in the reg.fing c‘»’ondit‘io‘ns, or 'sirn_ply‘ to senility.
Fronvrl tirné to A’r,ime a few of %:he living. insects were preserved

in 80 per cent alcohol. Lat‘er, these were compared with the specimens



that had been frozén, ‘and the latter ‘s‘_eéméd to have been much bettér
preserved for internal morﬁhological studies. For the most paﬁ:, ‘the
diséeétions x};vere‘ made on p.x;es»erved in‘secté under a vst‘el;éosc_opic dis-
secting micrb':s cope, the specimens being pinned out iﬁ a wax~-bottomed
petri di‘sh.ul.rlder SO‘p,c.a'r cent alcohol. Certain‘str‘uctu»re’s were rerﬁoved'
to a watch glass and placed under alcohol for more detailed study.

7 Instruments for dissection J;.ncltided_ No;‘ 3 and Noo‘ 5 Dﬁnﬁént-
watchmaker's. forceps and sﬁall scissors for separatlng sclerotlzed
areas. A n’rethod for 1nflat1ng the phallus described by Ashlock (1 957)
u‘sing”s’élut;onéof(alternatlng osmbotlc pressures, proved unsuccessful
oﬁ this insect. |

D*fawings were made to scale Wiith the use of an ocular grld and

squared paper.



' THE MALE REPRODUCTIVE SYSTEM

g 5 General structure o_fthe abdomen(Flgure ‘lb)f; IIDOrS'a'lljy/, 'j‘che':‘t"e s
| ‘ar‘é> S eveﬂ dlstmctabdorﬂmal se g’inue‘nts precedmg fhe 'bulb‘c;u;q genltal

. » capsule injit_he f"lfﬁ‘a}eo The elghth vab:do‘r‘nin.él se'gﬁlent is a s ":;mele"c_hi'tv
.111"101‘1’5‘: rlng, ,;ref,r'e}cj':‘ed‘ 1nt0 the s>e'x‘re'n‘“ch segment when 'thev,genitéiia are

notln 1is'e;"’ X Thegenltalcapsule 1s Tthe‘ ﬁ%d&iﬁéd :niﬁth abaomina}' seg- ! |

. meathousmgthephauusandthetermmatmn of the alﬁi%.r;jé,ntAatxréf- tract or
" proctlge 1'o The _c“.,ap‘s‘u‘l"‘eﬂi is O\ée.'n' ‘C‘l‘or.s a'l;iy _én(/ii thi para’meres' and éréc-

tlgermay be vse'venv 1ying Wlthln j:hle‘ cavity of ﬂvlé vc‘-aps’u‘l‘e, V‘énAtIJ-,.al]'.‘y

S only sn,x abdommal se gments are clearly v1s1b1e anterlor to the cap,slél,é',

' the first Sternite havidg fused with that of the second.:

| A'-AT.eystfe_,s" andducts (Flgure 1), Tﬁ?:,ﬁéifeé tes‘tésﬁ é_tre‘ attachved:fts o
_’the’..p'y'llfr"el'l’ral'_aréas of Fh¢ 'fou‘rr"th abdommal s egment‘ by bran"ches from the
. thlrd abdominal splracular "t‘riac;:h‘e"a.pe.;Each fcrésti’,s‘ is Qull white. t}ikr‘_l}ge.d R
Wlthreddlshmorange andlscomposed ofseventestlculartubules enclosed
in’ amembranous sheath‘. , Leadlng p.o:évte:.ri"(f.)ﬂy‘,frqm,'vé.aéﬁ té’*sti_é 1s a | :
'sirnp’le; t@ﬂ‘).e‘ of fairl';Arl ﬁﬁifgrm diaﬁete_r,‘ fH:e vas déferené, Whlch W’i.d:’ens» .
P05t6r~i'qzlfly‘ihfo-’a s‘erf;ivna"l fvl’e‘s‘ic;,lﬂe, ."I'.n‘mné-diately behind th1s p’oiht the - o
: vy“‘jtwo‘ vasadeferentla Jom,and on the antivze.x"_"if('):;z-'fm.a"r; g“injoqf’tl'lis-j jfuﬁction o R

.5 g



’ "thejfe is .s-s‘e;ci'es“of Outpocketings:v'eep'r-e,sentiﬁ.g th'e"a‘fcce,is‘-'“sv,or‘-yr'iél;*anitisq <.

7‘ The‘tubecontlnuulg posterlorlyfrom the jlthction‘ of the' %}asa d-e'fe‘rentiav
s the ,v ejaculatoryduct. It 1sm11kywh1teand of unlform diemeter; until _
"it ,widéﬁé 1nto the ba"l'l.oor_x-Ziike‘vc_e'rec-tioﬁ ﬂuld purnp,, Wlthln the lmnen of |

the eJaculatot'y duct 11es a ‘structure resembhng a bottle brush A canal -

h » rut15' through th“e" ,ce:tlter> of thi;s‘ brush, eod this,_ts the true -’sperr;:t 'tubeg ,

Bonhag and chk state thet nothlng ig knowrt cotlcet-nlng the source of the

‘ ':"ierectton fluid in Oncopeltus and speculete that it mlght be produced by
f‘ﬂ.le eptthellu:m of the‘ erection ﬂuld res ervotr. ; Thls ﬂuld passes from

: the re"ser‘vot‘r thrioughl the ‘e ja-cula‘.tory dect aod"finto. the, A'phal’lus.;" The

mechanlsto ot the" ‘erec-’tlon process tn Ont:opeltus is descr1bed by Bonhag :

E and chk (1 953) Although the‘se w%rdrke’rS' described atlkell'ection'ﬂu'id

reserv01r in Onco,,eltus, a’ comparable structure could not be found in -

' Ac anthoc ephala.

- External gen1ta11a (I‘lgures 2 3) The phallus is. composed of -

“"tw-o ‘p'ert‘s,_ the’ phallobase ‘and.‘ the aedeagu‘s; There is. not the ty'plcal
phallobase and retratlctlble aedeagus endophallus assomatlon commonly
:"i:de?SC?.t.‘ib.ed fO,‘l; tle“n@ipte’.rous ins e,cts, The phallobase typlcally Had a .,

: retractlbleaedeagusattachedto its di"s'__ft_a'l‘.y endv,‘ ancl Wlthln th‘e aedeeé;u,s, o

“li'e's"f‘ theendophalluswhlch ig elxtr‘usibie’; I_n thifsi ins e:ct't,he ate,cteegﬁs 1s
 pesmariently attached fo the phallobasé and.cafmot be sxtruded, while

. lv, the ehdopﬁiaéllus can’ Be‘ ‘}fof,C-efd ut of the 'ae,dea,gu.s,':durin_g Copul'a-tion‘g,



Hov\/;ever;‘\xvf.lthln the phallobese there 1s a ‘ovozhplexi structure heumngl
"~":part of the endophallus whlch Wlll be deserlbed belovv

= The phallus 1s connected to’ s,‘st‘ructure Whlch. is a rrfodffication -
R :of the vrall of the genltal c.apsule,‘ ;fhi's-‘Strircture is -sfrn'ilsr'to the' 7"._ o
' “;f«mechanlsm descrlbed in: copeltus by’ Borlhag arld chk (1 953) ; “'f.‘hek‘ B

stapes is’ a yoke—hke sclerotlzed area at the anterlor margln of the

‘ »-x,’phalll,obase ,‘-when the latter v1s : r‘etracted._,‘ ' The ‘do_r,s o‘sé-latte‘r'al »aregs.'o_f

e '""_the-"’s.tapes;_}lsrti‘c"uvl‘s;tei,w"ith .two;-o'h_itinou{s_;iha‘rfds," phallic ermts, Wthh sfre._.'- .

L 'ext:e'ris'ions;' ofthe posterlor ‘merginj of the genltal capsule. | f'I"he‘{s‘_e artic-~ st

',ulatiorfs arecovered by a,‘fs;hi:eldslike’ p'l‘alte';,,‘-the prombtor ap'.o.'dem.e‘a.f A o )

: '_,«;membranous septum separates the phallobase from the abdomlnal cav1ty, i

" and in the _c':-‘er'lterfo.f,thi“s‘ 8 éptum is'a sclerotized area kaown as the

e ductlfer . The sperm tube .within the: erj‘-acp.lato‘ry duct pe's.ses 'tﬁ'rou_g.h_.ahj .

S :”,-:‘o:rif-iﬂofe on?"'thfex.upper,m'ar gi‘ntﬁoffthe;-rs,tape{s"”and' becomes the.sinuous, . - .

| “‘:chltlnous endophallus _]ust posterlor to the stapesq

The erectlon fluld is adm:.tted to the phallobase through two

i :gf.:op;_ehing‘s ‘dlrS'C'tly' benea‘.‘th‘the -ent’ranc“e. ‘of the ‘sperm duct., . P.o.s‘te_;r.lor“t‘d:-f."""' i

,"the stapes is a palr of sclerotlzed plates, ‘one of Whlch glves rlse to the

shleld of the endophallus., The other lles as a small plate 0pp051te the

i

"':;.O'l‘l,gln of,the"‘.aedea_gu"s The endophallus orlgmates on the posterlor

. ;'face of the stapes and forms two 1oops before pass:.ng 1nto the cork—

"f';skcr’ew“‘-'lii‘ke',s‘vjedefe.gu__:s, . Another palr of sclerotlzed plates form the dlstal




part dfl’the{p}iailjc_)'bai}s'e ; the remainder of the external area of the latter
o bévin‘g"m'fembra'ﬁous; The Vp‘a’.i:"a:merr"es (gbnd’sty'l_'ito-f Bonhag and Wick (1953)) ' o
lie well Within "‘t'hfe ,g.é.yi;éy of the gverii’t‘al Qai)éule and are. ;c;_phnected:'to'thé:_f o

membfane lining the capsule.




THE FEMALE REPRODUCTIVE SYSTEM

. i /
General structure of the female abdomen (Figure 4). Nine seg-

ments are Visible on the dorsal surface of the female abdomen; ventrally
: six vsegn’ier;‘»ts are easily distinguished.. The first apparent abdorﬁinal
‘sternite is actually conilpyos‘ed of.sterni;“tié‘s' foﬁe and two. Sternite sever.
: 'ibeaf,s a ftransverse 'sklit. J'Ihmedia’cely fbllﬁwed by two large'tria;_ngﬁlar
llébésn | Segments eight and I}ine are each repfese.nted by a dorsal plate
and a pair of paratergites which lié adj;'e':ent' to the triangular lobes o‘f'
segment seven. _The venter of the eigh‘th segment is represented by a
menabrgnous area between the bases»bf -tﬁe first valvifers. The ninth

venter has invaginated to form the genital chamber. The proctiger,

éémposed of segments ten and eleven, lies within the genital capsule.

Ovaries and duét‘s‘ (?igure 4). The pa_ired ovaries are connected
u’co- ‘thé ‘épirécﬁlar t'x.’,ac':he‘ae of ségrnen‘t thiﬁee; These tf»acﬁéae give off a‘
number of braﬁchéé which .envfé,l'cépéwvand ‘lend some support to 't'he gonadsq
Each rflilk-white ovary is c-ompés ed of ée’ve# ‘ov’ariolesg ; Apically' each
"Qvar_iole narrows into a terminal fila;rient which together form the sus-
| pensory ligament. This is attached anteriorly to the heavily s clerotized

cervical ring. From each ovary a simple lateral oviduct passes caudad

9



to a point in the sixth abdominal segment, where the two fuse. From

.. this point the common oviduct takes the form of a bursa copulatrix, On. ..

“the dorsal suiface of this biixsa are féuﬁ& the spermatheca ahd‘the -

pa;red accessory glands " The forme ris a saus age-—shaped or gan Wlth e
‘a purphsh color ed c ap suleconne cte d to ,, 1’cs bas-e .. k v‘ In all epe cunens ’ :

' examlned, thls . capsule ‘Was found astebe-ci{ate\d Wlththe ’:s.];v)er_rhatheca; “ and“

1‘tls p0881b1e that the structureserves as’a SPermathecal gland Hlsto-

i : lo'gicalj;e.vildence’ ‘isvnejeded.‘to"jccnﬁrin‘ thls peinto .Thé du,ct fiem-the- |

.ji*;p‘eriﬁath,e;ca opensthrough th,e ’ddr“'s'a"-l‘s'ﬁr'ﬂface‘ cf the burrs‘.a. 'I‘he palred-“ o

acceSsory glands are Sunple tubes of a mllky color, 80 that they are

- ’j.'v"chfflcult to dlstlngulsh from the roof of the bursae ‘ jThe ’ductﬁ’s’ fr:om 'the.s,e '

‘ glands pass laterally, then Ventrally, to open 1nto the bursa at the baSe
of the second ValV1fers.

Ov;LEosﬂ:or (Flgures 5 6 7) - The ia;rge'triangular bventrai lobes ..

‘ v'of the seventh abdom1nal segrnent are: the flrst Valvlfers of the ov1pos:.tor. L

'If the _s:‘e '1“obe':s.l‘:are::x‘s';p re;ad“ ' ‘lratferaltliy‘ithev’ bu'r’sa ,and 'the_ flrst f,k,valvula‘e m‘ay,
bes een between them. Theflrst valvulaea,re Jo1ned tor theflrst valvl... |
. fers anterlorlybythlnchltlnous bands. ’ The fi'r‘st_ '.vallfvulae :?_,‘1;‘6 :fQ'% the :
: mostpartheawlysclerotlzed exclept fora small dorsal ‘men;branous;u: -
- ar‘e-a,}" The 'e"ec'oh'd*‘va_l.wlae- 11e above :the-‘fii"et‘valvuvlae;‘their‘ rami -

o belngcontlnuous With the S‘econd ‘iral'\‘riflei"'s'; The ‘l‘ja:;ttel_fl'are contlnuous '
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iﬁi’ch an a:rm fr-‘qrh t};e ninth t‘er gu_rn The second ‘valvullae a‘i"ell"leavily

sclerptizelﬂ. exéept for their méiﬁbranous apiéés, ‘which are épinoqs and
‘ ﬁ;pdiﬁed ;ntp .hool%Jil%é pr\o'ce'ss:e’_s", Third vaAl“vula\e are .nof; -p‘resAe'n:’cokr

o Snodgrass 'kl 935,) cla1ms that the ‘third vablvui'ae’a‘rfé abé'e._m.: 'alsvp mA_l_l_@izi

- tfisfié'bﬁt are usually found m other Hemiptera.



THE NERVOUS SYSTEM

‘ Unusual modifiéations of thevch,aracteristic insect nervous system
are known to eﬁ:ist among s everal different order'ég - This is é’specially
trﬁe‘"eir‘ndng :jfso'm‘e of the Hemiptera. Wooley (1949), for éxémple,‘ found
a‘ considerable amount ‘of ganglionic fugidn in the‘brain>and' véntfal riérve

" cord of the boi;—elder bug, Leptocoris trivittatus (Say) (Coreidae).

The:presum.ed ‘segmental lobes of the brain have undergone con-

Atsiderablle‘ fusion in A'canthocephala’ (Figure 9). Protocerebrum and, fo a
less extent,deutocerebrum, are distinctive lobes of *.the‘bn.faip Which lie in
the posterior portion of '1.;he thééd‘c:apsuleq lThe trit-ocerebral lobes have
fused ‘corr'lipl'e‘tel-y Wifh deuﬁoperébrum and are no longér _recogni'zablé,
The.Alébes of the ’deL:Lt'ocere'bru,m, Be_aring bne pair of antennal nerves, lie
slightly ah‘térior to the protOCerébfurrio Optic lobes originate on 'fhe
aﬁteré)—'do‘r‘sal surface of the fo'r’ebréim Paired ocellar pedicels ‘a'rise

" from the ds,rsal surface of the iﬁ)'rbtoce'rebfl.‘:mo There ibs no evidence of
b'a .slifflgle inedian ocellus. i.he tritocerebrai 1ov,bes' vaire presumed to be at
t_hé orlglns of the circumoesophageal c:_onn'ec‘tive's° | TWQ pairs of nerves
\origi.natre' on thé suboesophageal ganglion; the anterior pair passes forward
in the head t"q'irmervtate‘ the prob'oscis’, the other leads 'postefiorly into the

12



' cervical fegioﬁ, A‘si-ngle lai'ge‘ con'nectix-/*he“;‘).a”sses frfﬁm the posterior
ma‘rgiﬁ of the ,s;boé~s-pphégeai gaﬁgli.on co the ;:%rothoraéié géngliqn (Fi'gf‘" .
ure 9)‘,“ Two ,pairs:fof la‘;i;:e'ral nerves’ arise from thls gangliono» The
‘ali'ltejriO'r.:IS"a,ir (LPNI) i'i-llz}e"a‘rvvate the prof};Oracic 1ég mﬁscles, Tﬂé éeCOnd
pe{if (LPNZ)pass 'caudad.té the~'me‘édithoraci~é winé mﬁS'cléé,
- " .Aé[argé ga-ngliop -.lyi'ng“ in th-e.mve‘so-f and me:tathor‘a:c terminates
: the ventral }gangliiqnic ;:hz;,iﬁ (Figure 9);’ This généiiop has been c,alledA |
: :‘tﬁe"c.enfre;l géngli-on by Harniil‘to‘n‘ (1931) and the pterothora-cic‘g‘arvmglio‘n : i
by Malouf (1933), '.Altogethb‘é'r_, eight pairs of ‘néryé-‘s .aﬁd a sinlgle median -' :
nerve ;):-:*J‘.Kéi‘nate from: thls Agan.glhi.o’nq _The flrst i:vair’ of iaté'fal r’nesothc;r-’ |
~acie .ner"véfs (LMSI) arlse from thevainte_“rvior margin and inﬁekx_'»vatié the
4 | mééothOraéié ieg muscles _’Tl?e‘ séc.oﬁéipair-éf 1at'éral'mesqthora'c;ic.

- ~v’n“e';ri‘ve's{ (LMSZ) ‘bifur'c‘a;te'-on‘ce (a, b), one portion (a) dividing three more

tlmes (c, d, iev)° Nerves 'a and b innelgv‘atke”mesothora'c‘ic lég mu,séles-;

v Cyd, var‘lclﬂe iﬁnérfra‘té’Arr%‘eso.tho:;'a";q?gwwirig rn‘g.'sbcleso‘ The tﬁinz;d pair of |
ne‘rvezéfg, the first éa,ﬁ of ’1‘ateii'a>1 ﬁet:athora;ié nerves (LMiEl)’ lead to‘t B
the météthoi-?_.;ciciwing"‘rnkl»lsnc{;le.s,. ‘Tﬁe’ ffour‘fh p’a‘i-r,j ‘S‘eé.}ond pair of lateral

'“m.eta;‘ﬁthionaﬁ:'ic.: h‘eirve"s (LMtz), -bif{uljkfca’fi:g.olnbc’e (a,v‘b)ywhile brarich a dividéé

aga,in} (c) .;v‘Thte J;nefat::hvorly'*ac.i.c“leg‘ ﬁlzls;clés receive a aﬁd b; the vothAer (c) '
A(.inner\;ates' the reservdir of 'the *rﬁetathoxfgéic répugnétdrial gl‘andf,.- : F‘ourl‘r
. raore pairs{‘bf nerVes: (ANI _*4) Cri_giﬁate nearer the ﬁlidiiﬁe- and lead tcj .‘

" the abdominal viscera. A single median nerve (GN) runs ‘posteriorly
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froni_ thls vce'nti'ayl..fge‘ngl‘:"ton?-»‘ It bifu.vr@at_e.e once in se grnent.s;ix;(GN:l_"»)? R

‘- The first

o thenpasses ibto se gment seven and '~b£ar§;¢hfe.s a g_avin‘ (GNZ: ;
o nerve (GNl )d1v1des 'on‘c.e‘ (a,b) ,branch e: ie_a;ifs ‘,1;0 the ’eornino'n oviduc‘t, o
Whlle the ,otnef‘lafrenoh‘ (b) inne %vatee. ’tv'h_e»~ ventro—late reyl‘f"region ‘of‘the.
posterlor abdomen One nerve ( TNZ)d1v1des 1ntothreebranches, a, b,
" and c. The accessosy glinds) barsa, and rectum axe innesvated by
nervesaand b,the sPerma‘thecarecelves thethlrd(c) The "Othe?- )

- .

o vatihg 'tﬁe'v'acée‘ss_o'l;y glands, ‘bursa and feetﬁrn;‘ the ‘oth'e-r {c) pés,sir_ig to |

- the rectum alone,

4 Towds not possible to work out the details of the so~called v .o 7

svmpa‘thetlc nervous systemvvlth ’che rnaterlal a‘va‘11a];>1e° Thecorpora
Card1aca,C01‘pora allata, a,nd frontal gangllon Were not found in thelr

- ekp eCted pOSltlons , but thlS '. 1s no’ts urprlslngln 1i ght' of the extreme

o c ephallza:tlon alre‘e,djvnoteéil; Addltlonal materlal .end Hisfbl‘o gi.celﬂ pvr"o-r- | -‘

L ce-du_r_e-s- m‘a;y"rb«e ne'ceséa‘rv't'_o '.éomplef_e- thls a$'pect of the nervous SYStem




o " Weber (l 930:,'

- THE ALIMENTARY CANAL'

YL The ‘dig“estive,_tra.;otfand as;s:oc'iate'd ,St“ructures, in'Acénthocephala‘:: _

greatly resemble thls system as descrlbed m other corelds partlcularly g

~1;he s;q ‘h bug, Anasa tr1st1s (F1gure 10) Accordlng to Snodgrass (1 935)“

- the 'mesenteron is the :Eunctlonal sf:omach or ventr1culus 1n 1nsects. ‘

. VBreakey (1 936), 1n hls descnptlon o;E the dlgestlve system of the squash ' :J‘f‘ :'

bugg subdlwded the ventr1culus.1nto three reglons follow1ng the Work of

i reco gm;z‘]e,d fOur,a'i:é,afs‘ '1n. the m1d- gut or fnld—'?lnte,s'tihe.. ‘ Wooley (1 949
‘ ) ji 1n hls study of the box elder bug, restrlcted the term ventrlculus to the ‘? S

f'_’,,«flrst 're?gmn -of 3th_e mi‘d_—-m"ce. tl?,z'_ie.. In thls WOI’;( the termmology of Wooley :

7

"Elisoh“ (l '3‘7-.)_,;:9‘1‘-;;;.}1‘1»:9,‘ ,‘_compar,the study of the. Hemiptera, - -

" has been followed for the most part, partlcularly in. regard to the number’; 5

- " "of 'subdi;visﬁionsz of 'the‘ ,m_id-nlnte'stine’;'« o

Th1s msect possesses typlcal suck;mg mouthparts, smnla,r to 4

those descmbed for Leptocorls tr1v1tta'tus by Wooley (l 949) The pharynx,; :

. lles antermr to t'he bra1n as a sclerotlzed tube w1th a:.: groeved dorsal

"..‘Surf_aee;{ :Dfilator _mﬁ.'sg’clezslare.ia :e‘rted on the dorsal surface of this tube S |

'?roviiding‘ a .suckihg’pulnij' me'chani‘sm, 'fo'r th_e iritake'of liQuid- food‘so The S

L pharynx passes through 'i:he tr1tocerebral reglon of the bra1n as a. very
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small ‘tub‘e',. then into the pr‘othora.x; as thé narrow undifferentiated
» oesopha.gus‘o' ‘In the’ mesothorax, it widens slightly into,‘ ‘éhe vent_ricqlus
‘.01: st’omaftch pj_‘oper{ The- venti'i'culus,i which is sac—like“ and often greatly
distended ‘With“‘liqu‘id food, extends to the fourth abdominal segment,
Where it beco;nejs differenfiakted in_fo ‘fche‘ secqnd region of the mesenteron.
This. _poﬁioﬁ now turns apteriquy to segment three as a narrow tjube_'ag@
» then pos‘_te:ridrlyaga_in to abc_lorrﬁnal s:e‘gment five. Here?_;lt loops _anter—.
:iorlﬁf. to .j'éin- the 1arger, tube-like thirdvre'g.ion,, - This p‘o'rﬁio-h enlar.ges as
it iaasses antériorly tq the 's‘;e‘,connd segment, th.en'riarrowsv appréciably, as
it loops c‘;‘audadi'aagaink’to the sixth ‘s‘e gmén‘t., At this point the fourth region.
»kof ﬂ:ie‘j m,idé-inté,éfin,e beconi_es di'fferei}tiatedu . This portion of the“rnid-gut
has _refcéiv‘e:d ai:g'.;i'eat deal of s;i:udy’ by different wor'kers,,' Castric caeca
~are borne on this r‘égion as jfhey aré by many other henﬁptérous_ vinsec’tsq |
Ac':-cordi"n;g'td Glas gow (1914) these cae;:a providé a safe place for the
‘ .rnultiplica‘tion o»f vi:he_: ﬁormal bacteria vqf the’ alimentary ;:analw 'The_ fourth ‘
area of the mid—g}itiiruns tr.a‘nsvérsely iﬁ segment six until 11: meets the
p_ylérﬁsg vThvis- regién bears two diverticula, each giving rise to two
malpivghia\.n tubules. ' 'I"h'esé t’ubx‘liesb ‘iavre ‘i.:ypic'a‘al and covvil exﬁensiVely in ,
the ‘?.bdominal cavity. Posi:é'rioﬁ% to 'th,'e pylofus ‘(ilelﬁn of ,Woolé}r (1949))
yis.-‘n:h'e bl.é;“geii rectal sa,é 'Wh.icl";ﬁth:en’nérrows' iﬁto the rectum proper. The
latter o_ﬁ_ens to ’t‘he\ outside through the'ainus which is envelqped by a.
sclle:roti;z-e-d, c‘irci;lar i;)l.aite' (iiréétiger) formed from the ninth and tenth

abdominal segments.
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Sallvary glands (Flgure 11) Elson A,'('l9‘3.75):,‘ 1n hiiélicompzaf-ative vv
study of Pemlptera, states that
, The sallvary glands of phy*tosucc1vorous forms may .
. be dlfferentlated in a general way; from those of other
groups (predaceous ‘algal and fungus feeders and. blood :
. _fsuckers) by their complex1ty. The pr1nc1pal glands con-
sist of numerous flnger like lobes, variable. in size and.”
¢ mumber. The accessory _,glands are e}ongate and. tubef_-
ﬂlﬂﬁegy, e SRR o ST
‘The sallvary glands in thls 1nsect are- composed of three flnger 11ke |
“lobes, s ang oval*lje‘;;seryoir‘«, ‘and a la.r‘ge palm—like l*obe..\‘ The glands 11e in S
o the_p"fosjte'v:n_afji’o’r,po?tiohf'o'f thethorax, one -‘on_-e'ith.e‘_r si-de‘,off theedor'saljgsur-‘;
= fac.e of the Ventrijculde .. They are ye'i:_y_" Va'ri‘able' in size and position, ,
A"lyi’n’-g'ih_o:s?t-ofte.h_‘ju‘sjt IdOEt"lSa‘lwtO the Iar'ge“,':"red' i‘epug“natorial ~g1and .fr”es-er‘_
Von', butsometlmesextendmg yanteirieibly"ihto‘the'nies‘othorai; : "‘I"iwd‘ ‘
. tubules originate on each gland at a point between the cireular reser- .. .
- yoir vandv}"the first ‘finger'—like lob'efo"::.‘Th,e”, -aht_'eriortlihule,’jthe‘i salivarycduct,..
pas;.'s.es’ fo'rﬁafdth-fc)u,gh -th»e‘ thorax and into the he’ad:cap"s"ule , where it
" enters thé salivary syringe. The vothe’i‘“t‘libule, the salivary accessory .
_glvanﬁd,._pya:js;s:‘e:s caud_ad to. the‘poiste’::;ioi' margm ‘of'th-_ewglan_d}‘,r then turns
" ‘i cephalad to undergo a séries of‘l’ooPét in the me S’oth'O‘raicf X Frorn here .
"- 11: pas ses caudad to the "poste'i'i‘or“iof*the‘>?g‘1and, then'iﬁ‘uh"s forward, all -
f :'the."w'a‘jr §ht0' the "’fhe"ad 'dnd'effé'go’ing"’a dlstlnct ’inc’rvease' 'in‘di:amet‘te'r“aéfit;
- does so. Loop:mg back from the head 1t flnally termlnates bllndly Just R

. ﬂbehlnd the main gland "»



' THE CIRCULATORY SYSTEM

: Thedorsal \f.e.is.sg;eliﬁith 1ts supportlng mu~se'1e:s is. ais o_ﬁiuch S]Inpll-

f1ed 1n1:hlsinsect (FlgureIZ)° Snodgrass(l 935) deflnes thea.ortaas,
B m“ the slender pe,rj:;ef the de r,s’efl vess el c'ontinued' fo rw.ar_idi from ti;e . flr st -
chamber “o'fvvl",{;he h_eaxt, mtothehead. " jSpo&érese:'s'tate’s .Athaft fhe;hea'i"diec' - |
-"r‘e»“g-ipnyr»r}ay .ezj;i;ena.waélfar Ja_gsv,: 'vchev flrst abdominal segment Qf e\‘ren iete- the

| ’tho:,r"a;'s:;r:‘ In ‘A'c‘an‘tho"e_ep’t“ie_le"; and at‘leeét ‘orie other :'coi’f_eid; “f:he’bdx‘f e_lde.; -

 bug, areverse trend has taken place. <
R Four pair_rs';fofa;’agylm@c‘lgs{ fzsﬁs;p.jeﬁq ,_th:ef’cier,s al ve ssel from the .. .- )
N tergltes ofthe ﬁ.,ft,h"{:., s1xth, v“a.il‘d..e‘;lg:l’;ﬂ# abdommal se gmehtsf; iepepe;r arise
onthebases ef;the f1rstva1vifers Whlch llalr,‘e exf;eﬁsiene*. ofsegtrnent seven. h
""""" h ‘. The:}e fa%,;‘iealn—.‘*'?te betwopalrs ofostla, ene’:.e-c'eu‘ij:fihg:'irsebtiei_;lfhbiealiy.i'n“'thve L
| elghth segment, theotherln the seventh s egment Theseo'stla set off - ‘
.. the .hea;t;f d? ci;'rdi_e,‘ic_“?e;gi’énj df'."che 1°ng dorsal .{r’e;;s sﬂel,, vyth.e't'lt’ue.h?ar'_t ,then' g
~1ying;in"s:e gmelja»ts.a .’s_'le'vy"enerl_d<:e-i‘ght.v.' Onepalr of al‘afry muscles eriginate':z?”' ,
onthe lateral mar glns oftheﬁfth abdomlnalter glte andare 1nserted on
the ‘ventral heartwall mSegments:.X, The s econd palromglnateonthe ‘
n_la,te:fall marglns of : the su:thterglte and arelnserte dv en::#he' Ve‘l"l'tr‘al b!ea-rt‘ o
: ‘-Waliﬁ' 1nthesamesegmentAnother pair arises on the bases of the first -
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; -.‘jvvalVlfers and are 1nserted on, the ventral heart wall in segrnent elght° e

e The fourth palr arlse on the 1atera1 marglns of the elghth terg1te and |

’ '."‘"'are 1nserted on the ventral heart wall in the seventh segrnenta : Each -

alary rnu‘s,cle is‘ ;c’onlp.o,_’sed 'ef a emall nu_mb‘e‘:r v'ef loos”e;ly \a:glast.omos:mg R l-‘{ :

 muscle fibers, ..

. Snodgrass (1935) states that ""The diaphragm membranes in some -

‘“cases are ‘almost entirely absént or but a scant binding between the ' ..

o mus cleflbers, consrstlng of avve blike tissue’ full oflar ge and small |

... fenestrae.. This describes the condition existing in Acanthécephala, .

S fo r'ythe'r_e is no septum 8 ’epa;ratin g the p‘e ‘riy'i"sc eral 'var;td h pe’“ric’ar difal‘ U

Dicavities,

NS Al

The ao;ta:.p‘as*s e.s’zvahtte:rio'rl‘yffrérr;. 't,s"-;; junction w1th th'e hea"‘rt as S

;a‘tu'b'e 6f fairly ,.‘uniyfor'rri‘d'iametéir, It narr'ovv;s.; g'r‘a;duaily, *a]s 1tpass e"s il

L ,V:through the thorax contlnulng through thetmtocerebral reglon of the i

'v.!"':;braln on the dorsal surface of the pharynx ) Thls portlon Of the pharynx

‘ is supported 1n the body cav1ty by thln sheets of fat body and connectlve

i '.ri“‘,tl:s._sfue(. The aorta opens 1nto the head cav1ty anterlor to the braln.




| DISCUSSION AND CONCIL.USIONS

A few lzelnipte:roilé_,fMilie,e_haVe‘.b'_een_,sttidied quite- Vextexrsiv,ely:

1n re gerd to the internal anatomy of 'th{e'i‘frb n’lembers. Othér famllles . L

 among ther the '»famﬂy Coreidae, have' received relatively 1itt‘lej,~Suc R

o ‘after‘lti‘o.n:g - Thls‘ s‘tudy proposes to th‘OW further llght on the m‘ternal o
_anatomy ef one of the ‘groups fhet hae recelved 1ess atrent1on in the éast,’z.' e
: 'erjtid:t'vhus’ .tq"fcp.‘nfribpt‘e to’ ‘O,ﬁrk' kno'wiedge:o?f “’t‘he ana\tdm"y, of the He’fhj_'i‘ptere,v‘--:‘;"’.

: asawhole The‘;.'fet‘ne;l'e Arel;roﬁducﬁve :s.ybetem.isﬁ of the typicgl hem1p-— a
) | ' j’rte'..;lb‘bcsus .‘t:ype;' ~While’the mele ’Arepr_odueti.\‘reilsysterri vexhib"lt"s s’orne iinﬁ.s‘tial :

mo‘dificvvation's‘, These modlflcatmns have occurred in groups other than'

“’ij:‘vi_"'the Coreldae as: 1llustrated by 'the work: of Bonhag and W1ck (1953) on.

: One:'op_eltus kfafs_fci:a‘tut_s, (.Lygv,aeidae)q A highly-‘ ,'s‘p‘e..cializ_ied.' ﬂuid pu:rrz_p c‘prlf‘v—vlf .

" trols the erection and extrusion of the phallus from the genital capsule.

o In Acvaﬁthocephaia this pump "iine'ché:lnierﬁf is p‘r'e-sé_ﬁt; .jf‘f::h'dugh ‘;trh_e' brdiﬁarih} -

retraeti}'a_‘l'eiaté'&eag{i_'s, has become '»fix;;edit‘_ej'f:he inner wall of 'tﬁley-phallobévs'e, R

the ende.pfha_llu_s' still bfeiﬁ_g ca_p,ablén of ex:'tru"s'ion from f:he aedeagus. The N

.. digestive SVS‘terr; i:s,tharéétéristié; of the knownvpfl'axithucki»rlg 'heniipter;_ ’

" ans. There 1s & gac-like 'Verl'triciiius, '_ferllov«fed'»by ‘bt‘ubu\ler._' séecond and St

i
¥

e thlrd pbfﬁoﬁs; The third re gion,- however, is theh bulbous in othes
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‘ plant,§s‘ﬁcking hemiptéran'é;'«i The fourth portion is also vtubﬁlalvi and bears
 gastric caeca for h‘ou"‘s,ing‘ baéﬁe 'r‘ia:..: Ac‘c,oiding?tio Elson (1937) these
 caeca are present on the fourth quti:on' of L’ch{e mid-intestine of plant- -

sucking hérﬁipferans but not in such groups as thé semi- and fully pre-

“ ‘dacvéoujs :hemipte"raihs} _Lieptocoris ‘trivittatus- is generally a plant feéd‘er“‘}
but ,I.rjzlay."fe‘ed on aiqirri‘lal_ﬂuids: d}é'ca.siohally‘; this ivnisvec,t. lacks gatstr~izcncfa:e:c:é,q,"‘ -
- Extreme cephalization and qujsi‘dnuhziw’e,_i;‘aken place within the centfal

- mervous system. Similar medifications have taken place once again in

"'g'réups' oﬁhefthéﬁ thecoreldsa : {Oﬁc:opiélf"tus: fa'vs‘,iciafus" i'llus_t‘faf‘és essen=
tlallythe Same é‘ha#gjgs ‘in‘t.l%t‘e_ Central nervous Sy‘st‘eAm._' ',The‘ three '16<bé-'s‘
of 'tfh‘e_.brain a'nd‘,tvh‘e sﬁbo'es‘(_)phaf‘g’eé‘]; gangil-ia ha'vé merged c;omplefelya |

‘_i 'Céﬁbﬁa‘ii“z“ati‘on, has" resultedm a nerve cord contalnmgbut t§vo lar g_é
u v.“gahg‘llia;'ir‘i”ﬂ;lé-fi:hofa;x'g« The ;c‘i:rcvu'llé_to:rf.s‘ysltéx.:‘g'-shfow“s‘ a r’eduétion in the |

§ numi)e'r of 'alg,.rsyr m‘,us_'ci:lxes:and hqa?t hchamb'ers‘v; v ,_Es‘sig. (19_42.) _'Si;étés that

the Hémiéte?a'ingéhe:ral haﬁre five—chérﬁ:beréd vh‘ear’c;s; altﬁéugh >t'he heartgl 1

1n thlslnsect has but;_:’c‘in'eA‘el_éI; gatedchamber lylng in the 8 e‘}e_ﬁth a’r.gd‘ ‘

:eighth%aB,}c'l'orri'iﬁ"al‘,s" e,g@;ent‘éa Iﬁ 1ig‘hf of this »«vz.'e'd}lcki::ion“if‘lvnum-bler of heart :
I'chamb,e%s’:’»‘-‘?he”aqﬁé can }:jg;_con_si’d’é ;‘ed as éxti’:e‘;nding pos{:‘?.ri_’(’)rlgyf‘ from the o
head i‘ht'o" the seventh abdommal S‘égnﬁeﬁt\'vhere 11: merges Wlth the heav,rlt° N

- Other coreids" also’ sho{w a ‘re,ducti;On i the number of alary muscles; .

‘ ,Lept_dco,fi;si,'t]:i,vittatus posses s~es.thlr‘ee, ‘paixi-s,, ‘while Acanfhoc‘e,phalya has . . o
~four pairs supporting the posterior region of the dorsal vessel. A typig:al :

" dorsal d'ia’phr‘a?g‘:m’ is absent.



SUMMARY

~ The morphology of the reproductive, nervous, digestive, and

éirculatdry systems o£ the bug, Acan’chbcepﬁaia,. wasg studied in gross
detail. | The reproductive s"ystéin of the female is of the tﬁr@ical hemip=
, “te'r'ou\,.s .'tf;rpve,' with the éxcep‘gioﬁ' that third valvulae ére absent from the
ovipositor. An articulatory apparatus and erection mechani_sm'fo: the
p’héiiﬁs.; as déscribed by Bonhag and Wick (1953), are ﬁreSent also‘ in
the .g",‘é,ni’tali‘a 6£ ‘t.i“liS :.rn'ale.," Fusion a;id c.e‘phlal_ization of pbrtions' of the"
éenfral nervous. sy's;‘_tevrr‘l have occurred; : The:s'e are‘ - showns . particus.
larly ’by the lack of ghy :extgrnal evidence of a tri‘tocerebfurn and a total
; of only v‘t"\x‘rjo'th'éracic; ganglia iﬁ -thé elitife ventral:n"érve co:r‘c‘lo The diges-;
tive‘sir;s:t‘em is typical for the Hexﬁipterao Ga'jst.ric caeca are bor_ﬁe‘ orAlli
»thle fqu(‘;‘th région of the midainfestine, iWhiCh_iS irery_chaljp,éteris;tic_ of
the piant«suckiﬁg men:‘lbefav;“ of this cﬁde f;" 'Aithé)uéﬁ :E'ssig (1 942)‘state?’s

_that the Hemiptera in’ genéral hayé five=chamnbered hearts, only one .

heart"c‘hambér is present in the dorsal vessel of Acanthocephala, Four
p,a.irs’ of alary muscles support the dorsal vessel between the fifth. and

ninth ébdoxﬂn inal s e;g:'m. ents.
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. Dorsal view of male reproductive system. (x 8)

- Antericr view of phallﬁsg (x 25)

Anterior view of aedeagus and endophallus. "(x 20)

'Left side of brain and suboesophageal ganglion. (x 21)
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Dorsal view of female reproductive system. (x 8)

Ventral view, posterior region of female abdomen with first

valvifer removed. (x 11)

Dorsal yiew éf'fir,st,valvulaw (x 28

Dorsal view of second valvifer and valvula. (x 36) .






9, Dorsal viéwfllc;')'f‘brain. ‘aﬁdventraz,lne’r‘ve c‘oi"d,,' (x 8)






: 10, - Dorsal view of aliméxita;i:y caﬁalq (x'9)

11, Vent.ral 'View’ of left salivary gl_a;nd and accessory structuré,s; (x 15) - » P
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._ 12.  Ventral view of dorsal blood ﬁ?esse“l- and alary muscles. (x 11)
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