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BENERAL ABSTRACT 

'" , 
The position.l information of •• timulu. ancodttcl by • 

group of l.ballar gu.tatory •• naU1a, .,th. Iflarga.t Ol hair., 

lab.llar loba. Each hair contain. fiv. a.naory cella. Four 

calis ra.PQnd t.e ch.mical stimul.tion, t..,e tÇ) •• lt, ona .to 

.nd on. to 1II.t.ar and tha fifth cali • 
mach.nor.c.pt.or. 

1 
Indi vi dual or pair. of haira 

atimulat.ad ""it.h sug.r. or ..,.t..r ta .Ucit • probeaci. 

aH t..nsi on. Th. dir.ction of proboscis .Kt._naion ia greded 

according to the poait.ion on th. lob. of th. hai r C.) 
, " ... 

0 

atlmulat.d. Hairs, situatad on th. ant.rio,.. "'.Qion of th. 

lob. .licit ent.rior .Ktanaion~, po.t.rio,.. heirs alictt 

lat.,..l 

, 

1 

la,.g.st hai,.. ..,a. at.udi.d ta datarmin_ wh.th.r th • 

i ndi vi duali ty of aach hair ob •• rvad in th. bahavior.l 
• 

" 
.. 

aH p.r i m.nt. 1. r.fl.ct.d in' th. fi.ld of t.r.in.l' 

a,.boriz,at.ion farmad by th. c.lla inn.rvating it. 1 Thar ...... 
(,~ \ 

no ~ont i nuous ' .om.totopi c r.pra •• ntation of tha hai,. •• 
\ " . 

In.t.ad, th. central morpholOgy of th. 11 hair. f.ll into 

tb,... g,.oups~ 

th,.ough e .nd po.terior haïr. 9 through 11 .ach far.ed • 

di.tinct. cant.,.al b,.anching patt.arn in tha' sub_.ophag •• l 
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RESlJ1E GENERALE 

position stimul us a "lit' 
_ f 

etudii. cr un 

labell es porte 11 poi 1 s "pl us. grands" di .pos'. regul i Arement 

.ur sa surfAce. Chaque poil contitRnt cinq cellule. 

•• n50riell es. Quatre poss.dent une senBlbilit. phi.t que. 
10 • 

deux'" au sèl, ' une au sucre et une à l'.au et lA cinquii_ 

cellule est mecanoreceptrice. Les poi Is .... ont titi .timuli. 
." 

individuellement ou par pairs avec: une solution sucr.e ou de 

l'eau pour obteni r une extension de la trompe. La direction 

de l'extension de la trompe est dépendante de l 'identitl du 

poil stimuli. La direction de la ·,repon.. reflAte 1. 

posi tion du poi 1 sur 'le lobe. Le. poils si tuts .ur la 

"'­
ragion ant'ri.ure du lobe engendrent d •• extensions plut8t 

antér i eures, ceuJt. Iii tués postér i euremef'\t engendrent de. 

extensi ons postl!r i eures et 1 es poi 15' à m~-ni veAUX produi s.nt 
(~~ 0 

de!\, e~tens1'on5 latirales. "/. " . "",~,~ 
" 

La morphologie. c:entrale des c.llule • .. 
poi 1 s a éti etudi le pour détermi ner si 1 morphol ogi. de 

l 'arborizati on terminale de chaq. poil refl'te 

( 

- /' ~~ ) l'individualité tabsltrv5. dans l;'.étude d 'T ... po~m~nt. LA. 

morpholo.gie centrale de cha~e poil n'est 'pa. distinct __ , 1.. . 
ÇJ 

poils .ont ·plutSt. groupi. en 3 cla ••••• L.s poi HI .un et 
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GENERAL INTRODUCT ION 

, 
first to camprehend th. physialogy and m.chanic. of the. 

var i ous companent. of the behavi or and then relate th"m to 

the yhysiolagy and anatomy of neuronal c.ll. which ... diate 

the behavi or. 

, 
The feeding behavier o-f the fly i •• goad model far the 

study of principJes in neural circuitry. 

the insect, the rel1ability with ... hich the behavior can be 

induced to occur and the ease with ... hich specific compan.nt. 
1 

of i t.5 enviranment can be manipulated are but a f.w eKampl •• 

of why thi .... y.t.m ha. many tim •• b •• n cha •• n •• a lIad.l. 
A 

Much is knawn about th. mechani.ms which gat. th. vadous 

CO~'l .. nts of th. bahavior. The fly approac:h.. a food 

source when attractive-volatile compan.nt. of that .aurce 

stimulate i ts al factory receptarB. Subsequent components of 

the bahavi cr are cantralled by thra. sats of .xt.rnal 

Çlustatary receptors. Far .>campl., when chemorec:eptars 

cantain.d in tar.al .en.illa contact food th. probo.ci. 1. 

extend.d out the head c: ap.ul. bringing 1t. ter.inal 

segment, the labellu_, in contact with the food. The paired 

labellar lob.s carry aboral and oral gu.tatory •• n.Ula. 

Receptars contai ned in' th... Ar. re.pansi bl. for apreadi nfil 

the labellar lob •• (Po_llack, 1977) and trigg.rinQ illbibition 

18 
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. (!)ethi.,., 1976), re.pecti v.l y • Althaugh und.r natural 

candi U ona ch...a.."ai l'la pr •• ent on the label 1 UII ca.. 1 n 

contact with faad enly whep t~ probe.ci. ha. b •• n ext.nded, 

u.ual1 y by sU mul at~ on of th. tarai, a fi Y can ~! 1 nduc.d to 

------•• x~t~.~nd it. probosei. by directly .timul.ting ch.mo • .n.illa 

on ils labellum U1innich, 1931> • Stimulation of single 

"l.,.g.st Il haî rs, a group of 11 labellar sensi Il a arranged 

•• quentiillly on eaeh lobe (Wilezek, 1967), ean indue. il full 

exten.ion of the probo.ci •• 

Wh.t.her or not t.he fly extend~ i t.s proboscis upon 

.ti mulation drndS on it. physi 01 ogi cal st.ate. Hungry 

Uie. and ... il er depr i ved flies Nill more r.adily extend 
" 

their probosei. t.o sugar (Evans and Det.hier, 19~~. Evans and 

Brawn., 19~) and ta ..,ater 4:oet:hier, 
. 

1961) stiMulation, 

r.sp.ctively. Low.r concentrations of sugar and adulterated 

wat..r will be acc.pted ..,itb incr.a.inQ deprivat.ion periods. 

The .tr.ngt.h of activity of the primilry receptor cell. 

hON.ver does not vary Nith the fly's physiologieal st.te. 

Their act.ivity ts direct.ly proportional ta the concentration 

of .t.~ .alt and sugar solutions for the .alt <Evans and 
, 

Mel Ion, 1962a) and sugar (Omand and Dttthier, 1969) c.ll. 

resp.ctively, and inver .. ly .0 for the wat.er cell <Evans and 

.... 1 Ion, 1962b) sugo •• tino that an int..rnal ' •• tiety 

mec:hani.m, .nd not. p.ripheral ac:tivity, •• t. t.he 

r.c:.pt.ivity l.vel of the fly. G.ttin; (1971) ha. shawn that 

-. ind .. d th. l.v.l of primary rec.ptor activit.y ,..quir.d ta' 

elicit • mot.or respon •• d.c:r ••••• with increa.ing .tarvation 

11 
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p.riod. The frequency of initi.l .en.ory activity required 

to elicit • .-q,tcr re.pon ...... 2 ti_s <J,..ater far flie. 

72 t)our •• 
1 

1 
Sev.,.al muscles a,.. involved in the ~ eKtension and 

ste.,.inQ of th. thr ••• egm.nt. of the prObo.eis. The .ost 
1 

proxim.l segment, the rostrum, is eKtended out of the he.d 
• 

capsule - by contraction of the paired fulcri 

prot,..ctors (Van de,. Starre, 1977; Thom.on, 1977).. Four 

other sets of muscles control the eKtension and lat.ral 

movements of the haustellum and lab.llum (Oethi.r, 19~~) •.. 

~ 
These five .e~ of muscle a110N for eonsider.bl • mov.ment 

cant,.ol of and the segment. of the proboscz: i •• , . V.tman 

Poll.ck <1986a) (Chapter 1, this volume), h.ve .hawn that 

th. probo.ci. c." ind •• d b. eKt.nded aver • wide ,..ng. of 

.ngle. .by stimulating individua1 or pairs of large.t h'~r •• 

Th. directional camponent is dependent en th. id.ntity of 

the hair stimulated. They have sugge.ted th.t individual" 

hairs, through ·different interaction. with .econd arder , . 

• etivat. th. ·mu.cl.s -of the . probesci .. 

diffe,..ntially so that anterior haïrs, for eKample, 'drive 
\ 

the probo.ci. anteriarly, later:a.l.hair. cau •• r.thltr .k ...... 

lateral eKten" cSn. and so on. 

Recttntly Van 111tir·.t al. ~ (1q~) have traced the 

d.ndritic fields of mot or neuron. inn.rv.ting mutele. Nhich 

12 
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, 
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~ontrol the .xt~aian of the proboacis • 

• xtenaively in »the aub-eaophageal ganglion. Vetman and 

Pollack -(1986b) (Chapte ... 2, thia volume) hAve d.monatrated 

that th. synaptic field of .... ceptora contained· in th • 

ganglion. 

withïn ,the aub-esophag •• l ganglion. Th. 1 anatomi cal 

investigations have 'provided information about the probable 

l~cation of as·yet undiac~vered links in the pathway~ 'It is 

now possible to •• arch for such linktii l)'Iithin the neuropil. 

04 th. sub-e.ophaQ.âl ganglion • . . 
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. ~ 

Probo.c:i. ext.nsion in ,th. bIOMfl-Yl, directional 

" 

. 
,.espon ••• to .timulation ~f identified 

, . ,) 

--And 
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McSI 11 "Uni ver,si ty 
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blowfly 
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ABSTRACT 

W. studi.d the direction of probosc:is ,extensian 
--, 

)tUci t~d by, stirlUl_ting .ach of an identij>l.d array af' 

gu"tatory sensilla, the "largest u hair., on the labellum af 

the fly Pht!r.l. , .. gin.4
• 'Individual hairs, or pairs af 

hairs, .... ,.. stilRulAted with sucra •• cr ""ater and the angle 
f 

of th. ènsuing. e,)Ct.nsian of the probosci .... as record~ The 
, . .. 

direction of ~the tespanse ",as 9raded and dep.nded on the 
. . 

ident.it1'l!5 of' the hairs stimulatad. Hai,.s si ~~~ted Qn the 
. ' 

anterior re~ion .of the labellum . 
• xtension_, mid-l.v.l ha!rs .licited la~.ral.' extensions and 

c . 
posterior hairs r.sult~d i!1 pa.t.riar .• xtansioo.. Prev'ious 

\ 

studies of 1:.h"'r~a .Ù.,.· hat ... haye been .~anc.,.n.cl Idt.h t.h.i~ 
• ncoding of t.. e chemical nature of, the sti-..lus. Ou,., , 

, , \ 

, .... 

.,findings show that ._ch hair a,lso relaya infer._tion, about 

its location •. Th. 'positional informatian prbvid~ by th.s • 
. 

s.nsi11_ may h.lp th. f'ly ta ori.nt' it_Ii= ... ith r.spect ta a 

food source. 

, . 
" . 

\. 

, .' 

" . 
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INTRODUCTION 

, 
The ~irst s~ap in ~he ~ly's ~ •• dinQ respon •• , .xtension 

• , 
Qf th. prebescia, eccurs when ch.mereceptar. on' ita t,ars'! 

encount.r an acceptable substance as the fly wand~. on a 

substrat.. frebo.cis exter:taion b{i,n'Qs anot~.r •• t of sans. 

organ. into PI~~ nam.ly th. tast. hairA .ituat.d on th. 

abera1 surface of .ach laballar loba. Apprapriat. 

stimulation of' th. ch.moreceptor. houaed in the •• haira 

~ the 1 abal1ar . l'obes to spread apart that vet causes so 
, 

anether groap o~ receptors, which are si tuated pn th. orA~ 

s4rface, can sample the foed and initiate imbibition (s •• 

,Dethier--1976·~.0r. re,view). This 'sequence of movement. i. 

'eriented' in space ,with respect te ~he locatien of. the feed 
~ , 

, 
source. For example, flies reliably turn in the direction 

-ef the stimulated lev befere extending the prebe.ci. 

, (Dethi er, 1976) • 

. taste haïra on only one side can-result in •• ymm.tric lobe-
, ' 

spreading~ 
\ 

with ~he result that the oral surface i~ 

"apprepri atel y di re~ted tew.rd the food 'ource (Poll.ck, 

1.1:177). " Al.~hOÜQh iii gr.et Cleial of ~t~itnti on ha. Jen 

on un~erat.~dinQ hOH the Jly's ta.~e organs provt~e 
, 

i ,:,~,cirm.t i on " about the q~.lity·èf e potential food 
. 

focu.ed 

it with 

.ourc., 

relatively littl. Hork hÀs exa.i~ed ,he~ th. ~ly d.t.r.in •• 

,the location of the" food 'source. 'This is the subject of th. 

,'present repor~. 
, , 

" 
, . , lB' 

, .. 

, , 

.' 
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o.thier (1976~ .h~ th.t • fly 1. able to follow • 

n.rraw .~r •• k of .ucro •• ·.olution u.ing inform.tion obt.in.d 

from r.cttptor. on th. probosci •• W. h.v. inv •• tig.t.d th. 

• Kt.nt ta which e particul.r group of t •• t. s.n.i11., th. 

"l.rg •• t" l.b.ller h.irs, c.,. .... y inferm.tion ... bout th. 

loc.tion of the .timulu •• Although l.bella,.. h.i,..:do not 

norm.lly come in contact with food until .ft.r th. p"Obo~ci. 
-

h.. b •• n .Kt.nd.d, it ha. l~g ~.en known th.t when t.,.s.l 

.timul.tion i. byp •••• d stiJul.tion of the l.bell.r h.i,..' 

• 
c.n .licit probo.cis .xt.n.ion (Minnich 1931). In th. 

" p,. ••• nt p'.p.r w ••• k wh.thar th. di,..ction of p,.obo.cis 
\. 

.Kt.n.ion d.p.nds·on which of ~h. l.rg •• t l~b.llar h.irs is 

• tiltul .. tltd • Each of th. pairltd l.beller lob.. car,.i •• 

• pproximately 12~ ta.te haira. 

morphologic.î g,.au~d.,- into six cl ••••• (Wilczek, 1967), one 
- "\ 

of which i. composed of the 11 l~rge.t,hair.. Each l.rge.\ 

h.i r hou.e. four chemor.aceptors (.o-call.d sugar, w.t.,. , 

" .alt .nd anion ,..captor., - r •• pactively) and one 

• .... ch.nor.c.pter (Pet.,.a .nd Richter, 1965j D.thi.r, 1976) • 
. 

In ch.mo •• n.ory function th. h.ir. ara .imil.r. 
\ 

Th.y 

di'ffer, howev.,., ln .th.ir po.i tions' on the l.bellum, being 

~.r,..ng~d 'longitudin.llv with hei,. 1 moat ant.rior .nd h.i,. 

11 MOSt po.terior eWilczek, 1967). Thi •• p.ti.l .,.rangement 

allow. the pO •• i~ility that th. position .of • stimulu., and 

thu. th. direction of the ,.espon •• it .licita, could be 
~ 

d~rived by d.t.,..ining wh.ch hair. wer •• timulat.d. Ne find 

~h.t ~h. hairs do encode th. location of th. .tilK.llU •• _ the 

19 
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MATERIALS AND "'THODS 

- -~-------------

Phor8ta r.gtna (M.iven) ~re cultured in th. laboretory. 

Larva. were r.ared on an artificiel .. dium (Hill, .t al. 

1947) at 29° c. Adults wer. k.pt at 29° C from the time of 

~merQenc. until testinv. Ali exp.,-tments wer. don. et rODat 

Newly hatched flies Nere given sucrase and water !!!:! 
d 

liaitym far 1 to 12 days._ _ FUes were then 

water for 3-:5 deys. Aft.r starvation, 

allawed 
t~ 
flias 

only 

wer. 

ane •• th.tized by chtllinV end Ner. i.mobilized, ventral Bid. 

upp.rmost, 

of~ wal<. 

by fixing their Ninas, 
~ 

,/ 

legs and head ta a block 

.., 
With th. lab.llu. in a r.tracted position, a slnOI. 

laro •• t halr wa. sti.ulated by oently touchino- its tlp with 
, . 

a ... 11 drop of 1.0" .ucro~~ _Q~ution .xtrud.d from th. tip 

of • micropip.t. The dropl.t W/AS kept in contact wi th th. 

ha1-r f..or- a max i mum of fi ve s.conds 'or unt il a r.sponse 

occurr.d. To minimiz. varlebility cau.ed by evaporetian, a" 

.-
new drap wa. eKtruded prier to .ach test. A particular hair 

1 
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w.. 1 ••• th.". compl.t., ••• b.ION) .... 

b.tw •• n-stimùlation af di'ff.r.nt haïr. of th. .a_ fly. 
, 

Stimul.tion sometim ••• ~it.d only p.rti.l .xten.ion o~ the 

• 
proboscis. The d.Qre. of ext.n.ion ••• m ••• ur.d .ccqrdinQ 

to a scale devisad by nethier .t al. (196~). Thi. nu..rical 

scale ranges fram one ta six, with position on. r.pr ••• ntinQ 

very slight extension of th. labeUum out of' th. oral 

cavity, position thr ... xten.ion af the h.u.t.llum .nd p.rt 

of the rastrum, and position six full extension af the 
. . ,. 

haustelium and rostrum. If the exten.ion .licited .by 
p 

stimulating a particular haïr was only to position two or 

less"" the sa me hair ... as restimulated imm.di.t"ely, up ta 

three times in succession. If • mor. ,viQereu. r.spon •• wa. 

-
not· produced by thi ••• rie. ef .timuli th.n no data Nere 

collécted fer that hair from 'that ~ly. Te detér .. ln. if 
~ . 

stimulating. the hair ,mor. than o~c. h.d an effeet an. the -

resultant direction of extension, we comp.red th. direction 

obtained after single stimulation with that obtairied aft.,. 

rep~ated stimulation for .ach of the 11 1.rQe.t h.ir.. A 

signifieant differença was feund only far h.ir 3 (Manh-
" 

Whitn.y U-test, p-.03). Th. rlHlpons.s ta sinQI •• nd repe.tttd . 

stimuli were therefor. pODlad in ail st.ti.tic_l .n.ly .... 

To test the po •• ibility that-the flie. obt.in.d sp.ti.l 

information .bout the .timulus fro. visual .or orf.c~ory 

eues, sever.l exp.riment. were,perférmed with ~h. antenn .. 

and eyea of the fI i.. cav.red wi th .... x. 

and olfactory input in thi ...... y di d . not affect th. 
• 1) 

.- 22 
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dlreçtlon.llty of th. r •• pon.e. (M.nn-Whltney U-t •• t, p>.I~ 
• 

for .11 h.ir.). Th. re.ul t. from fIl ..... 1 th unab.truct.ct 
<; 

and wax.d .y •• and ant.nna ..... r. th.refor. al.o paaled. 

"" 
~!!!!:!!:!!!!!!!!~ g! !:t!.!:!!!:~!.g!! 

Th. fly ... as placed under a dissecting microscope and 

pa.ltlon.d .0 that the middle of its labellum ... as centerad 

in 'the' field of view. A grid in the eyepiace, of the 

microscope di vidad the field into 12 sectors of 3121° each. 

T ... o liIen.r.l types of C extension ... ere observed. In some cases 

~he l.bellum moved almost exclusively in the vertical plane, 

up ... ards towards the experimenter, - and stayed in the center 

of the field of vie .... In these cases (when the label1um 

( rem.ined within a radius of approximately 0.6 mm from the 

c.nter of the field of vie ... > the responses ... ere recorded as 

.. up .... rd... The fr.q.ncy of up ... ard responsas ... as IiIr.&test for 

-- hair l ,(20X), and ... as les. than 1er. for ail other hairs. 

Up .... rd r. •• pon ••• • r. not considerad further in thi. .tudy. 

In the majorlty of c •••• the extension. of the proba.ci. h~ . 
r'; 

• .trong horiza«~al ca.ponent, ... hich brought the 
1 
labellulII 

IIIDre th.n 1.6 mm, ,and often 1.5 mm, a ... ay from the center of 

. , th. field of' vi...... In th ••• c.(.~ tpthe horizontal compon..,t 

of the direction bf extension .... s .stimated te the n.ar.st 
p 

lsà u.inv the~grid in the eyepiace (Fig. 1>. 

/ 

STIMULATION WITH WATER ----------- ---~ -----
, . 
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Ne",ly e.~ 

sucrose f or ana Dr two days. Th.y wtlr. th." d.pri v~ • of 

both .. ater and .ugar for an additional t ... e dAy •• Th. fl1 •• 

.... re prepared for .• xperiments as da.cr1bed abov •• KCept that 

the tarsi ... ere kept fre. of .. a,. for futur. stimulation ta •• 

belo ... ). Te prevent the legs f rom i nterf.r i ng ""i th l .. bel1ar 

stimulation they .. are ra.train.d at th. tibial-.famor.l Joint 

... ith miniature .taples. 

~~~rimental e~2S~9~~!' J -::--~::nd that, stimulatiDn of single hAlra, Dr .ven of 

t ... o ~dj.c;.rTf· haï rs, ... i th water onl y rarel y el1 ci t.d 
; t 

probosci. , .,.tension. In ord.r ta study the r •• pon.. te 1. 

state <CES) of.fl t •• b.fore applywo th. ....t.r .tt mulua. 

n.thier et al.) (196S) aho",ed th.t .timul .. ting a fly .. ith.n 

attracti ve stimulus <sucras.) {ncr..... i ts c.ntral 
1 

exci tatory state, thereby i ncreasi ng the prababi 1 i ~y of 
1 Î 

r •• pon •• to subs.quent t5timul ation. Sinél:. the fI i e •. cd,""d --not 

rltspond to B'timulation of on. or two h.1rs ... 1 th_ .... t.r, ... 

incr)as.d their CES a f ... seconds befere ... ch ",at.r .ti.ulus 

by stimulating the tarai ... ith aûcroa •• Ali .1,. tarsi ....,.. 

dippecl simult.n.ously in 'incre •• ing concentration. of 

sucrase UIt.063, 0. 12!5, 8.2:5 and 0. :51'U untl1 the prDl?osc1s 

... a. a,. tended. Fl ie. that did not"; ra .. ponèS ta Any of th .... 

sucrase Onc. a r •• pan .. 

occurred, we ",ai ted unti 1 the 'proboaci. waa ,..tract.d ag.in , 

24 



( 

\ 

n.ighboring larg •• t ha!r. a't th, •••• tt_ litt 'th a large drop 
() ~. 

of ",at.r (stimulatinQ only a single hair did not r.UAbly 

T~e r.sul'ts ",ere Analyzed ""ith circ;ular: statistical 

proc.dur •• <Bat.chel.'t, 1981). T""o par.meter. ",ere computed 

for each population of responses, the mean direction of 

.)(t.nsion And an index of the v.ri abU i ty of the response, 
60 

the r value. r ..,proaches 1. Il) when'6 the responses are 
r 

t:lulitered and decreases, tel a minimum of 0, with increasing 

.. scat ter in the data. The resul ts are ~lotted as pOl,ar 

The mean direction of extension iB represented by diAgrams. , 

the direction of an arro", and the r value is represented by 

th. arro"" '. l.ngth (an Arrow .qual in l.ngth to th. radi us 

of the diagram corr •• ponds to an r value of 1.0>. The 

diagrams ...-.r. construct.d as if al1 stimuli ""are applied ta. 

lef't h.ir. (which wa. true in the majority of the 

.xp.riment.) • R.spon_. ta stimulation of right h~irs ""ra 

adju.tlKl , by re~ lecti ng the angl.. of ex tansi on acrOSs the 
;" 

",i'dltne. 
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RESll..TS 
Il 

The distributions of th. directions of probo.cis 

extension. fOr an anterior hair (hair 2), a mid-l.v.1 hai~, 

(hair 6) and a postarior hair (hair 1IIU Ar. shawn in Fig. 2. 

It i5 el.ar that, for .aeh o.f the hairs, th. r •• pon .. s a,... 

clustered around a particular direction, whieh is hai'':-

specifie. Fig. 3 .ummarizes respons. direction. fOI'" .11 .. ' 

el even 1 argest hairs. It ean be seen that th. direction 

,changes, in an orderly and eontinuous m.nner, aceording to 

the idéntity of the stimulatad hair, .nt.rior h.irs .licit 

ant.riorly-directed extensions, mid-level h.ir. .Uci t 

lat.,.al eKt.nsions, .nd posterior h.ïr •• Uci t po.t.~iorl y­

di"eted eKten.ions. Thu., th ••• nsory ..... V. g.n.r.ted by 

stimùlating a with sucra •• , 
• 

includes informati~ about" the id.ntity cf the hair, and 

the'refore about the lociltion of the stimuhf,s. .- , 

§~!!!!!:!!!~!Q!:! ~!tt! !!!~~ 

StimulaUng • single hair, or .v.~ twa .dJ.c:ent hair.,' 

of a thirsty fly ... ith .... t.r di'd not· re~l.b,ly .licit' 

extension of the p,.obe.cis. However', wh.,.., t~ c.ntral 

exci tatory state (CES) w~. incr •••• d Just befer. lab.llar 
1 , , 

stimuliltion with .... t.,., simultan.ou. stimul.tion' ,of twa .,. 

adj.cent haïrs dïd -cen.istently .Uc:it ,.ellRon ... (s_ 

t 
-'---

- . 
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HAt.rial. and Htlthod.). 
, ' ,. 1:.0 ".terMin. Nh.ther this _thod af, 

obscure. th. di r.ction.l i ty af proboscis 

, ex t.".i on , pairs af hair. in CES-tlnhanc.d 

" 

4 i~lu.tr~tes the re.ults of thi. cantral 

.xp.r:-.! ment. ' 
1 . 

mast anteriar . pairs of hairs. <1+2 throuQh :5+6) v4ri.d 

no but with 
1 

appar.nt cor:rlÎlaton..wi th hai r posi ti on. Fpr the po.t.rior 

pair. of hair.' (6+.7 thr,ouQh 10+11), the' mean directions of 
. 

th. r •• pons •• N.r. ~r.ded.a~cording ta the hair6' po.~tions. 

Many ~ the response distributions for. the anteridr 

pair. app.ar tb be blmod.l. This 1 ... o.t ev'ld.nt for the, 

·pair. 1+2, 2+3 and 3+4 a. 'indlca~.d in FiV_ 4. 
( 

Insp.~tion 

. ' 

of the •• distribution. sugQ •• ~. that the .n~erior, but not 
, , 

th. po.teriorp re..,on ••• may vary'syst'emat-ica11y wlth. the 

identiti •• 'of ,the hair'1l ~timulat~d. If thi. were true then 

th. un Hnodal 'di.tri bution. of r •• pon·.... s •• n fOI'" more 
, 

post.rior pairs of h.~rs might be .Kpl'ain.d by th.. vr •• ter 

-coincidenc. b.tNeen th. anQI. of .Kt.n.ion'det.~.ined;by th. 
. "'\ 

': ' 1 

identiti •• of th. stimul.t." hair. and"tth. angl. typical of 
" . 

h.ir-indep.ndent r •• ponse"_ / In ard.r ta 
, 

jnv •• tiQate the 
. 

po.sibi,l i~ty th.t ~h. 'r •• pon ••• to simul taneous stilM.llation 
'> 

1 

of .nt.rior p.ir. of haïr. f.ll into tNO cl ••••• N. divided 

" th. re.P9n ••• for .ach of th ••• pair.' lnto tNO groups, t~os. 

, .. 1 th ~Kt.n.ion anv1e. clockwl.e;' of ~0eà, up ta 1270 (the 
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. 
,~r,esu .... d h,ai'r-d.pendtmt group) and thci •• , ... 1 th ext"".1an 

anv1.. cla~k ... ise of 12SO, up to 307°, (th~ pr •• u~ halr-
. 

i ndepttndent group) • T,h ••• limita Mere chos~ both an- the 
"t ~. 

basi. of the distributions of th. re.pon.e. ta the fir.t 

. 
directions of extension ~or singl.-hair stimulat~on of,hairs 

1 

1 through 6., Th •• ff~t ,?f •• parating, th. r •• pans •• i'.'. ~his 
1 

",ay i5 shown in Fig. 5. J'he two subg;'oups of respan ••• are 

demarcat-ed by a dashed 1 i ne. The me .. n. far the. re.panse. 
1 ~ .l 

-
that are pr;.tl!'5ùmed to vary · ... ite:. hair .ide,ntity 4re indic:ated 

, \ t 
by das~ed ,arro~s, and ·thà5ë_t~at~e pr •• u~~d not ,ta .~ary 

systemati~arly with 'hair identity are indicated" by .olid 
1 l , 

arroW5. Responses in the l~ter .ubgroup 
',\ 

differ 
# • ) 1 { 

siV'1ificiantly _'!long the pa'irs of hair. (p <. 0.03, Kru.kal-' 

Wallis , t •• t) , bu.t th.r.. i., ne ,.y~t • .matic relattanllhip 

bet .... en 

hai rs that Wf!re sU mul ated-. In èontr.st, 

~ireC!1:i,on. lof pr •• û •• d halr~dep.ndent 
"', " , 

subgraup of 're.ponses (..,hiC~ .1so diff.er aigni'fica.ntly frà.' 

one anattierJ p < 0.03) do vary sy.t'emat~c.lly' 
1 

pasi ti an,' r angi n; from ~6° far haira 1+.2 to, 1020 for hairs 
J 

:5+6. 

_. J 

" 

Fi çr- 6 .U.II~r.iz.s the r.~pons. êUr.ct'ion~ .,'or th. ten 

pairs cf hair.; The me.ns f9r ,th. anter10r S pair. 
, ' 

1 t 't • 

calcul.ted 'only ~rom the ~e.pon~es,that, li~ clack ... i .. Qf 

, 3~,.Bo, up to 

~:' 
\ . 

" ......... ~ .. 

. ,~ , .... 

whil. thDS. for', th. 'postariO!"- pa1r:-s 

2B 

, ' ~ 

, -
" , 

, ' 

'- . 

.. , 

" 
" 
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lnc1ud. al1' .,. •• pan •••• Ii: c:an b •• ean that, a.' fOI'" sin91.-
, . 

hair stiMUlation, th. dir.c:tian of ext.nsion v~i.a' in an~ 
, 

crd.rly mann.,. with tha id.ntiti •• of' th.~stimulated hair.~ 

IiIe u •• d the sa,.,. dual-hai r paradi gm ta t •• t wheth.,.' 

'information about: the lac:ai:ion of a,'wai:er stimulus is al.c 

. " label1ar hair... Fig. provid.d by • 7 shows respons •• 

stimulation of hai,.. -2+3, 6+7 and 1~+11. The distributions 

of respon •• s wera similar té tho.a just d.5crib~ for 

) sucras •• Ra.ponses ta stiMulation of posterior pair~ of 

, 

, 

-

. . 

, . 
halrs, ... ara unimodÀlly, dist,.ibut.ci while response~ te 

ant.rio" pai,.. appearad ta be bimodally distribute'~ (Fi'g. '7, 

hairs 2+3). The re.ponses for th.se .nterior hairs (pairs 

1+2 through :5+6~ ... ere dividad into the same two sub-groups 

de.cr l b.d above. 

, . 
FiQ,. S sult.ariz •• r •• pon_s ta watar. As in Fig. -6, v 

th. dashed a,.rraw. for the antrior pairs of, h~irs ~pre.an~ 
. 

Mana cOmputed ~n:)", r~~"ans.s that fel-1 bet ..... n, 3880 and 

127°. It C::an ~e ••• n ,that, wi th ttte aMcepti on of the pai r 
, ~ 

1~2, resPQns~ direction is cantinuously grad~.acCQrdin9 td, 

hair posi tion. Thus, the larQa.t labellar hai r. provi de . 
, Q 

infer"titin' abQUt. the loc.tian cf a ... ater stf.lus as ....11 ,\S 
"'1 

of • ùéro" S~i .. J.' . 1 , 
a . .. 

~ . ' 
'" . .' 

0) . . 
-' 

", 

';" • , . ~ , " " 
. ~ . .. ., 

~ 
, ;, .' 
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DISCUSSION 

, 4 

be~~1!.!~1!.en Qi !! s.h!!!!!.s.!!. ~t!.!Y!.y! !!.~h ! t!S!!ln2C .t:t!X 
~ ~ ~ 

Th.r:. are two well-da~uflNtnt.d Qeneral strategie. that 
.' , 

·anim.l. use td obtain spatial information about a chemical 

stimulus <Bell and Tabin, 1982) •. One is to Inave thrauQh th. 
> 

, 0 , 
'environment and compare .ample. taken in dif'fltrent. place. at~ 

_differ'ent times (klinota)(ilil H.vukkal., 1980, Bell and 

T06in, 1981> and the other is te compare- the activity af 

spat;.i,ally separatèd receptors which simultaneou.ly .ampl. 

'different reg.ons of the envirohment (tropotaxt.L Mart'in, 
, 

1964; Bell and Tobin, 1981>. 

f11.s use ,a third strateQY; they deriv •• p"t.~al infOrmation 

about -a ta.te .timulus by'determininQ which rec.ptors .. lth!n 
. 

Such a poi '1t -ta-pd! nt' . . -
mapping between receptar arrays a~d ori.nted behavier. i. 

w.11·-known . i 'n (Sp.rry~ . - 1~1) , - and visua1 

somAtosen.ory responses (Levine et al. 19851 CahMi, 1974), 

but it 'ha. only rar.l~ been impl1CAt.d in ch • .asenMW'Y 

" . r •• ponses. A chema.en.,ry example h.. r.cen:tl y b.en 

r.parted by Mort ta and Fi nger <19S~5). They d .. cri bed th. 

arderly praJ.ct:ians into the c:entral r:'Ie~vau •• yate. ,of ta.t. 

rec.ptor. that are .pat i ail y arr ayed j n t~. Qol df i.h '. , 

mouth, and sUQQ.sted that they' miQht b. invalved in th. , 

fish· •• election af food it.ms far. inQe.tion fra. dlfferent 
, . 

ragions of th • .auth. 

" '. -- 38 , 
\ , 
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Th. lab.U·ar hatr t.,not ali .xclu.tv.ly ch.ma •• n.ary 

ital .a hou... a. mltchanorec.ptar. 
\ 

. P~.ibl.\, ther.fare, that th •• patial lnform~tton r.v.al.d' 

in our .,p~ri .. nt. ""as provid~ nat_~~ ch.morec~ptar. but by 

en.ch.n~.~eptor". We' feel this is unlikely." Our' stimùH 
• ~ 1 • J 

"".r. gently, withaut noticeably bending or 

di.placing the hair •• Unpublished elect~aphysiologicAl 

.xp.riment., i,n whi.ch Ne r.cordad from ta.te .haira und.,.. a 

variety of , stimulus conditions, 

nat have/b"een 

suggeBt; that the 

would activated by our 

st ~ mul i. . It i" po.si 01., however, tha:t the !"echanore~ept~r 

might have b •• n stimulated . by renewed centact bet""een 
. li' 

" l'ab.U'.r hai rs and, the stimulating pipet as the prebos~is 
v 

b.g .. n ta' axtend ... AI.thaugh 'we cannet rule out thi. 
1 

ptl-obasci. 

exp.rienent., .am.time. 
, ),' . 

.lowly enou~h'- that the 

.tt~ula~inQ pipet cauld b.~.mev.d in time to, .veid ... ith 

" c."tainty r.n .... d contact with the hair •• , The directions of 
, ' , , 

" th ••• slow r •• pan ••• depended on hair identity in a" mànner , , 

that de.cribed .for the respbnses as a whale,_ ---... '. , 

i't t. po •• ,i,ble ta deteèt haïr-dep.nd.nt ' 
, . 

diffe,...nc.. in th. initial co~onen.t~ ef the p,..oboscis 
. 

Wh.n p~.t.ricw hair. are-rstilDulat;ed!. 
~ ) 

far, 

th •. haust.llua, a distal s~gment of the p~abo.cis, 

u.u'&Hy unfDld. fi"'.t frpm th • .œ-.' proximal ra.t.ru., whlch 
.' " 

1.) , -.. 

~ly L l~t"". ia ext.-ndltd fra. .. the h.ad c:ap,.ul., wheraa. wh.n 

ant..ri0,. hairS Ar. st i tIlul atttd ext.nsion cf" t.he rD.trum . ., , .. , 
'i \ \ 

- '. 
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, , 
occùrs .hor~ly· b~ore or at the •••• time.. extension af 

the haustell um<' This .suQg •• t. that the direction af th. 

extensian is, at l.ast in part, pred.t.rmin.d.t th. an •• t 
~ 

af the re.ponse, prabÂbly by the .ctivity of ch.mo •• n.ory 

. cells. 

. 
Directional eKtenaian of'the proboscis w •• obt.in.d 

both with sucrOse and w.t.r sti~uli • 
• 

water rec.ptar exclusively <Evan. and M.lon~ 1962), wh.,..a~ 

suc~ose. solutions can stimulat. both th. sug.r and wat.,. . 
~ receptors, 

t , 

with the ·degr.. of excitation of th. wat.,. 
,/ 

receptor i nversel y proporti ona;! t.o the sucra •• 

concentration. At. the c;,gncent.ration used in our .• )Cp.riment. 

<1.011>, act.ivit't-- of t.he ... ater .receptor is substantially 

depre55ed (Rees, 197~). It i. possible, ~h.refore, that 

both' t.he sugar and water recepto,.s carry inform.tion about 

stimulus location. 
, 

Stimulating labellar hai~. with'water br sucro.e aft.r 

the CES was rai.ed by tarsal stimulation with sucr:o •• 

elicited a làrQe numb.,. of ,po.t~ior'.Hten.ion. which did 
1 l " _ . ., 

not vary systematically with hair identity. In so.e, c •••• , 

th. fly .pp.~ed to be·att.mptiOQ ta brinQ it. lab.l1u. and 

. t.~. in contact. For s.veral .econds followinQ probo.t:i. 

extensj.on, the labttll um' maved J n a probi nQ •• nn.,., and 
( 

th. 

.. 
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haira wa. b.nt towards the head • The proboscia wa. ~only 

.-
auooeating that ev.n in th.ae appar.ntly nen-hair-specifie 

The.e r.aults a1ao .haw, 

eMcluaiv.ly determined by ~he labellar ha1ra, bec au •• taraal 

stimul.tion' a1ao haa an .ffeet. Stimulation of label1ar 

haira in theae .Mp.riment. often fol10wed taraal stimulation 

by .. veral aeconda. The taraal eff.ct on d1rection~ity 
-' 

wa.; therefore, a long-lastino on •• It. lonQ duration is 
,t ... .,. " 

po.aibly due ta continued ch.mo •• n.ory input provid.d by 

r.aidual .ugar on th. tarai. 

\'.'-

eD!~2m!E!! e~gJ!E~~D! 2! !!!~~ ~!E~e~g~!~ E9DD~~1!y!~~~ !D~ 

The '~inding that the direction of probosci. eMtension .. 
variea accordino to th., identity of the hair <a) which elicit 

th. reapon.. i mplie. that sttnsory neurona from di f fer.nt 

haira .ake hair-specifie choie •• in the sel.ction of~ Dr 
\ .. 

str~gth. of interaction with, th. aecend-ord.r cella with 

Work'in oth.r' sy.t.ms (Levine et al. 

·198~, Bacon and-Murphey 1984) ha. shawn that on. important . • 
factor that det.rmine. the connectivity of r.cepto~ cella ia 

the r-vion of their ter_inatian within the central nervoua 

aystltfft. Vet.an and Pollack (1986) mapped th. central 

projectiona of the IArg .. t haiTs with cp'palt ata1ninv and 

found that thev fall' into t~r.e. diatinct groupa, campriaing 

. _._-----~ 

t 



o 

o 

hair. 1 and 2, hair. 3 throuQh B, and h.ir. 9 throuQh 11, 

respecti vel y. .The projection. from the individual hair. 

Nithin 

centr.l termin.tion "'are only 

.. 

1 f the~ltOi on of 

d.termi n~t of 

re.pen.e directions would fal1 into three clu~t.r., .ach 

corresponding ta one of the anAtomic.1 cl...... In.te.d, N. 

found • continuou. gradation of dire~tion •• 

imply that sensory n.uron. from different hair. can differ 

in thair central connectivity even though they project to 

the same raQion'of the cent~al nervous sy.tem. A simil.r 
. 

conclusion was reached by.tMurphey et .1. (1984), who found 

that machanorecaptor. associated with different .en.illum 

types on the cerci of crickets (clavate hairs and filiform 
-,.. \ 

hair~), which code for differentlmod~lities (~etecti~- of 

orientation in the gravitational field and air 

terminate in the .... reoion 

of the last abdominal ganglion, but neverthele.. probably 
''-..,. 

select differant postsynaptic t.rget •• ~ In the ca.. of the 

fly, the s.nsery neurons in question are a.seci.ted with the 

sam •• ensillum type (large.t labéllar hair) ~d cod. for the 

same modal i ty (ei tti.r sugar or ... ter). 

B9!e 9! ~Q~ti~! infO!:!Y~i9D in l!!!b.~i9!: 

The behavior that w.s .tudied har., exten.ion of the 

probosci. upon stimulation "of lab.llar taste hair., dae. nct 
1" 

o~cur und.r natur.! cir~u~.tanc •• bec.u.e the labellar hair. 
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____ ~---un~or~ .. -lly do not ca.. into contact with th •• ti.ulu. until 

aft.r th. probo.ci. ha. b.en e>etended • Nev.rth.le •• , th. 

• ncadin; of spatial information by'the ••• en.i1la .. y b. 

relevant ta 1 the natural feeding 6ehavior of fi ies. One 

compan.nt of thi. b.havior i. the "danc.". This i. a 

locomotor pattern which is adopted when imbibition of a 

.l'Aall amount oof feod has leoft the fi y un.at.d. The dance is 

thought to .erve ta i~crease th~ likelihood of the fly'a 

.ncountering additional food patches (D.thier 19~7. Nelson 

1977). During the dance the probo.ci. i. repeatedly 
-

.xtended and retracted, as if the fi y i5 probing the surface 

wi th i t. labellar ch.moreceptora. It seems 1 i kel y that, 1.f 
f 

this labellar probing is succes~ful in di.covering a food 

the spatial information provided by the labellar . , 

hair. may b. u.ed to ori.nt the f1r, or it. probesci., with 

<' 
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Fig. 1 l'1easurement of r~spon.e direct i on. Th. fl;y Na. 

vi.wed through a grid placed in the ocular of a \ dis.ecting 
1 

mi cro!5cope, and the horizontal campan.nt of th. re.pan •• 

direction ""as measured ta the n.arest l~a. Th. dir.ction of 
, 

the response i 11 ustrated here would be r.corded •• niD • 

.. 

40 

• 



" 

,-, . 
.' 

, , 

• 
. '. 

" 

·c 
.. 

Q 

... 
" .' 

, . 
(. 

-0 !,I..' 

• 
...... --



.. -

1 

, ' 

, . 
" 

.. 
.... ~,' 

/ " 

1 

1 
".... 

Fi~. 2 Polar diagr~ft\.5 .howinQ the distribution of th •. an~l •• 

of extensions obtained wi th ~timulAtion "of, hairs 2 (~), ,6' 

cs> and 10 CC> with 1.0M sucrase. 
t 

The ren~th. Qf,the ba~. 

radiating ,from the circl •• are ,proportional to the numb.r of 

responses at each direction. The -arrows pQi nt t'o th. mean 
, 

dir.ctions o-f th~ r-espons •• , and the lengths of the arraws 

indicAt. th. variAbility of the r •• pan.... N. s.m~l. siz •• 
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dir~ctians ta stimulÀtion of individu.1 h~irs with 1.aM 
; 

sut:rase~ The hair corr •• pondi'ng ta •• ch Arro,"" i. indic.t.d 
.. _ '1 

~n the-periphery o~ th. circ! •• The .ampl •• 1z •• for ' •• ch 
\ ' 

-
ha~r ,Are: 53 (1), S6 (2), 68 (3), 96 '~4), IS,4 CS), 110 (6", -

, . 
141 (7~,' 130 ~B), '12,9 (9), 120, (Ua), 41 u'u .. 
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Fig. 4 Polar diagrams of the re.pon ••• obt.ained with 
• 

stimulation of tWD labellar hairs with 1.011 sucra •• in CES-

ent'!anced fi les. For hai rs 1'+2. 2+3 and 3+4 t.he bi "odal 

nature of the distribut.ions of r~5pon.e, directions, i~ 

indica~ed. "Thé hairs .ti~lated and ~he .ample .ize. are~ 

indicat.ed wit.hi.l1 .ach diagram. • 
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Fig. S Pal.,. di.Qr .... of re.pon.e. far th. fir.t fiv. pair. 

of hairs, r.dr.wn fram Fig. 4. The re.pon ... are divid.d 

into two Qroùps by the da.hed line--and the _an diraction of 

each group 15 shoNn. The dashed arrONS indic.t. th •••• ns 

of re.pon... f.ll i ng betwee;' 3GJSo and 1270 C1:.h. pr •• umad 
, " ""'-

hair-dependent group) and the so11d ilrrONS indi c:at. th. 

means of the r •• pons •• batw •• n, 1280 .nd 3070 (th. pr •• u_d ) 

h.ir-ind~.ndant group). 
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Fig. 6 Summary di.gram of th ... an .nQl.. of .xten.ion 

obtained Nith .imult.neou •• ti.ulatien of two lab.llar haira 

Ni th 1. flJM sucrese in CES-enh.nced. .f 1 i .s. Th. ... •• n. 

illustrated for the first ~ pairs ef .nterior hairs (da.h.d 

arrows) were calcul.ted from the re.ponses falling b.tN •• n 

3flJBO and 1270
; the means for the ~ posterior pairs of h.ir. 

(arrONs with selid line.) Nere calcul.ted from th. whole 

population of respon •••• The hair-s corresponding ta ..ch 
?' 

arrow are indicated on the periph.ry of the circl •• 

5 • ..,1. siz •• are 13 <1+2), 9 (2+3), 10 (3+4), 18 (4+S), 13 

(~+6), 18 (6+7), 2~ (7+8), 24, (8+9), 2~ (9+1IIU, 16 <UII+l1>. 
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Fig. 7 Polar tHagrams il1utltrating the " •• pon... obtainltd 

with simultaneous stimulation of two labellar hair with 

water in CES-enhanced fUes, for hairs 2+3, 6+7 and 10+11. 

The responses to hairs 2+3 we"e divided into two ,group. a. 

i ndi cated by the dashed li ne, and the mean of .ach Qroup ""a. 

calculated separately; the errow with the da.h.d lin. 

represents the mean of the respon.es -fallinQ clockwi.. 04 

30SD
, up to 1270 , and the arrow Ni th the sol id 1 in. 

indicates the mean of the respons8. clockwi •• of 12SO, up to 

Far hairs 6+7 and UJ+ll , the ar"o .. s point ta th. 

.eans of the whole populations o-f re.pon •••• 
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FiC). 8 Summary -diaC)ram of t.h ••• an anQ1.. of .)Ct.IIn.i~n. 

obtained wit.h stimulation of t.wo larQ •• t lab.ller hair. with 

water in CES-enhanced files. The means for pai r. 1 +2 

through ~+6 (arrows wi t.h dashed 1 i nes) were cal culat,ed for 

the responses f ail i ng betwe~n 3080 end 1270 , and the ~,!!an. 

, fllr pairs 6+7 through 10+11 (arrow5 with streiQht li~~.~_ 
w.re cal cul at.ed' for aIl r •• pon •• s. 

r 
(1+2) , 7 (2+3) , 4 (3+4) , 6 (4+S) , 8 (:5+6

c
) , 19 (6+7), 31 

(7+8) , 22 (S+9~ , 26 (9+UZU, 11 <11+11). 
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ABSTRACT 

l, 

, . 

neuron. a •• oci at.d ... i th .ach of the el even ·'l.rg •• t Il ta.t. < 

(Meiven), ,by .taining' th.m with cobaltou., IY.in •• 

• leve" haira fall \into thr •• groups ... hich reflect 

p.riph~ral loca~i,a~. ~ and their branching pattern. in 
, 

Th • 

th. 

.ube.ophageal ganglion. Group 1, consisting of the .nterior 

hatr. ' (numbers 1 and 2) and Group;S, cansisti ng of th. 

po_tertor haïra (numb~rs 9-11) project bil.ter.~ly, whil. 

'Group 2, con.iatin; of the middle hair. (numb.rs 3-8) 

proj.ct. primarilx', ip.itl.terally., The central projection.' 

of th~ hair. within a single group ar. similar. 

Each hair hou... four ~h.mor.c.ptor., 

differing ch.mical .ansitiviti •• and bahavioral roI •• , and 

on. machanor.c.ptar. In some ca •• s, the,.. wera·!ndicatian. 

that th. different cell.· within, a slno1e hair have diff.,..nt 
, " 

~.ntral branching patterns. Far some· hair., ho ... ever, l.t wa. 
'* ~ • 

c~.ar that a .• i~gl •. clntral.br~néhing reglan, and pattern ... a. 

sharitd by. mor.' than one r.ceptOF ~.ll. 

, 

W. fâil.d ta find .ith.r a cantinuou. '.d~~tatopic 

r.pr.s~tation of a hair 's po.it.iori "on th. periph.ry, 01'" an· 

ana~"i,::'al sttgregatiC?O .of' r.c~ptQrs. codir~g for diff.,.ent 

49 .. 

.. 



" 

. .. ' 
h 

~ , 

o 

'. 

o 
1. 

" 

o 

l..-.:.. ____ _ 

.ad.liti... &eh.vioral exp.rt •• nta indicate .t.hat th. fly 'a 

infar-m!ld bath af th. identity af the hair sti..-ulat.d and of 

the stimulus. 'Our re.ults sUQQe.t that th!. infor .. tian i. 
, , 

not represented on .. gros. anatamieal level. 

KEY WoRDSI Cheinarec.ptors - Central ~rOjection. - 81owf1y /_ 
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INTRODUCTION 

F •• ding blthaviar of the bloNfly ha. long b •• n a model 

.yst_ for .tudi •• of chemoreception.' S.v.r.l asp~ts of 

th!s b.haviar, including the physiolagy And ultrastructure 

of the chemar.ceptors, the central Integration of stimuli, 

the anatamy and phy.ialogy of th. f.eding appar.tus, and the 

r.gulation of feeding by .atiety cu •• h.v •. bee" tho,.o~ghly 
, 

.tudied (s •• D.thier 1976'for revi.w). A notable gap in our 
. 

c~rr.nt unders~anding i. the paucity of knowledge about the .. 
central neuroanatomy of chemoreceptars. ' The pre~ent paper 

pravides an account of the projections i~ the central 

n.rvou~ .ystem of one group of these ch.moreceptars, those 

of the large.t labeUar hair •• 

Th. fly po....... gustAtory receptors on various 

Thase that are .ost ,i.-part.nt for 

initiation of f.eding ar~ ta.t. hairs that accur on the 

tarsi and .outhpart •• stimulating th.s. hair. with an 

attractive' stimulus cau ••• the, fly to eKtend its proba.cis. 

~. ". ntiurcfs ar. ~S~OCi .t~ _".i ttt.... •• ch ta .. ~. hai r (Pet.,.. .n~ , 
1 , 

Richter 1965) • El.ctraphysioloQical 'inv •• tigation. have 

. \ 

d •• onstrat.d that ane of the.. i. a ~hanar.ceptD,. and that '\ 

th. four ,. •• ailning cell. 'are' contact ch .. or'ec.ptars of 

tnadaliti ••• 8ec:au •• of th.ir chemical 

\ 
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Nat.,. and Anion r.ceptor cell. (D.th!.,. 1976). 
, ' 

t:.si!!l~h thera are ove,.. ane hundr.d ta.te hair. an e.ch of 

th. bilaterally .y"'''trical IAb.llAr lob... ManQ th ••• a,..e 

(Wllëz.k 1967) that ar. Arranged 

along an Ant.r~osterio,.. axis (Fig. 1). Bec AU •• of t.h.i,.. 
f) 

favo,..abl. position and size, and their idr~tifiability fra. 
~ 

fly to fly, the largest hai,... have b .. n u •• d eKt.nsiv.ly ln 
• 

el.ctraphysiolOQical and bah.vio"'AI .tudi ••• 

-
Pollack (1 qB~) ob sè,..ved that. .ti ",ul ~ti an of i ndi vi dual 

large.t hairs result. -in a. direct..d .xtension Of the 

'proboscis. "The angle of extension within th. ho,..izontal 

plane' depends on the identity of the' hair st.imulat.ed, and 

corresponds ta the position of that hai,.. an the labellum'. 

surface. Thus, the identities of t.he individuAl hAirs a,..e 

maintAined Ni thin the centrAl nervoùB .y.teC Th. pr ••• nt -

study •• ek. to datermine whet'l,.. ·thi. individuaUty :1. 
, 

,..flect.d by th. c.nt,.al anAto .. y of: the n.uraos •• sociated 
<b 

Ni th th. hai rs. We show thAt t.he axon. of th. c.lls fra. 

gangl ~o",-. Furth.,.more,. Ne .hON t.hat"hair. that elicit 

diffe,..ently directed probo.ci. extension. may .h.,. •• c~ 

cent,..l. branctiing patt.,..n. 

S2 
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ttATERIALS AND ttETHODS 

Male and f •• ale blo"fli.s, eb9t!!~ C~g!Qe Meig.n, of 
Q 

The central marphalogy of r.ceptar 

cell. cantained in each of the eleven largest haire was 

The fly was immobilizad, 

ventral .~de upperma.t, by attAching its wings te a bed of 

lte probasci. "as gently withdra"n 

with forceps and stapled ta a wax pillow. Wax Nas alsa used 

ta hold th. labellar ;iobe. cla.ed and immobile. A 

, micropipet filled "ith 370mM cobaltou. lysine (Springer and 

Prokosch 1982) . cantaint ng IX triton-X ulm was pasit.ianed $0 

that the tip of the hair ta be filled penetrated the 

'" -
solution. The .t'ain thus had acce •• to the dendrites of the 

,..cept.ar c.ll., whi ch 1 i e wi thi n the 1 umen of J:he hai r, via 

it. terminal pore (van der Wolk et al 1994). The .tain 

,.emained in contact with the halr for 18 to 24 h at room 

temper-ature. The cobalt wa. then precipitated-by 50ak~ng 

the di •• ected n.ad ganglia far lm .in in physiologic.1 

saline (No,.mann and Duve 19~9) .aturated "lth hydragen 

sulfide. The ti •• ue wa. ~ixed in Carnoy'. .olution, 

dtthydrated in absolute alc~al, and cl.ared in ... thyl 

salyctlate. 8ilv~ intensification wa. carried out 

aecording ta Bacon and Alt.an'. (1977) .. thad. 

p,.eparations Ne,.e .aunt..d in Canada 8a1.am. 

" 

Whol_maunt 

Se1.cted 

preparations "er. emb.dded in .aft Spurr'. medium (Spurr 



" 

1969) and(' slICtianMi <10 or 14 If- in thiC::kne •• ' in th. 

o horizontal or So ... •• c:tions 

in IX 

....,.. 
borax. wi th e. 1 X _thyl.ne bl u. 

Stained neurons ware photog,..phed and drawn Nith th. aid of 

a dra."ing tub •• 

o .. 

) 
/' 

o 
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\RESlLTS 
, 

Fills of singl. hairs usually r.sult.d in .ev.ral (up 
o 

" -ta 4) cell. being stain.d. It Na. usually impa.sible_ ta 

male. out th., c.ntral branchi ng pattern of each indi vidual 

c.ll b.cau.e the proc ••••• of diff.rent fibers overlapped 
-

Th.r.fore, except Nhera atharwi.e mentian.d, 

the folloNing descriptions refer to the overall central 

morphology reveal.d by aIl the fib.rs filled within one 

hair. The branching pattern formed from cells within Any 

particular hair Na. found, in general, ta be consistent fram' 

d •• crib.d belON, did occur. 

vari ab'i 1 i ty, as 
~J 

descriptions that 

-ona pr.paration to another, al though same 

In the 

fol1ow, hair. Ar. grouped according to their positions on 
---- --~----

th. label lu • and the si.Uarity af their central . 
proj ecU ons. r 

'" 
e!l~!!!:!g!: !le!!:!~ ! !!l~ ~ 

Th. follONing description is ba.ed on 12 fiU. of hair 

1 and 22 fi Il. of hai... 2., A typical projection (from hair 

1) i _ shoNn in Fig. 2A. 
,. 

" ganglion anteriorly and' ventrally via the labial nerv •• 

Just dorsal ta the entry point they vive off d.nse 

c:antr alat.r al branches U abelled YB in Fi g. r 2A) and later al 
-'-

, . 
branch.. in. the ipsi~lat.,.al h_igangl'ion (LB in Fig. 2A) • 

t1arlÎ dar.all y t- • s.cond, i __ den_ group of fi ber. CQur ••• 

'. 
55 -



o 

o 

o 

.. dially (08 in Fig. 2A). Twa fartui tau. p"epa,..ti an. 1 n 

individu.l cells may contribut. to diff.".nt featu,. •• of the 

ove".ll pattern. 
() 

The c.ll illu.t"ated in Fig. 3A ha. both 
. 

dorsal and ventral contralate".l br.nche., but lack. • 

lateral projection. The cell in Fig. 3B ha. • vent"al 

contral.teral proj.ction and a lat.ral branch, but no dor •• l 

medial projection. In .everal multipl.-cell fill., including 

the one shown in Fig. 2A, a cell Nith yet another .a"phalogy 

could be identified (Fig. 3C). The a~ori of thi. cell enter. 

the subesophageal ganglion and trev.IB dor.ally, without 

~ncning, for approximately 1~0 ~m. 

5lightly' dorsal to the pr.viau5ly detlcribed dar •• l 
, 

cont"al.teral p"ojection, it sand. diffu.e br.nche. both 

laterally and medially, the latter crossing the midi in.. A 

c.ll with similar central anata.y Na. ob •• rv.d in at l ••• t 

one fill of each of the eleven larg •• t hair •• ThrouQhout 

th!. paper we will "efer ta c.ll. of thi. type a. Do,..el-

most Bilaterally ProJecting Cell. (DBPC). 

th. 

T~.r. ~ariabilitY' bath Nithin and .. onQ hairs, in 

d.tal.

a

, 0: 'the projection patt."n.. Th. vent,..l 

- contral.terel proj.ction was ob • .,.ved in all 12, filol. of 

hair 1, but in only, 19 of the 22 fill. of he!r 2. In the 

remeininQ 3 ca.es the m.dially directed ventral fiber. 

atopped at the mi dl i ne. The dorsal cont-ralat.,..l b,.anchu 

(.xcludincjftho.e du~ to th. DBPC) Ner. ob •• ,.ved in 9 of the 



• > ~" ..... 

" 12 4ill. of h.ir 1 (in 1 c ••• th.,.. w •• no indic.tion 04 

th._ br.nch... in 2 c •••• th.y .. .,.. pr ••• nt, but failed t.o 

cras. th. ID!lU in.) but in anly :5 fiU. of h.ir 2 <in 1:5 

c •••• the branch •• wer. pres.nt, but stapped at the midUne, 

.nd in 4 c •••• th!. projection wa. extremely at.tenuat.d and 
.' 

con.i.ted only of very short medi.l1y direct.d branches). 

The lat.ral branches Nere obsl!rved in 8 of the 12 fi 11'10 of 

hair 1. and- in .11 fi Il. of ,hair 2. The DBPC ...... tained in 

2 f 1 II. of hai r 1, 

varlab111ty <e.g., 

lateral branches) 

and in 6 4111. of hair 2. Some of thi. 

the presence or absence of a DBPC o~ of 

may be dué to the caprici Ol,lsne!5!5 W1\h 

which individual,nmurons are stained with cobalt. Other 

di f f .rence., however, such as the var i a~ 1 e 1 ength of the 

dorsal and ventral cont.ralat.eral projecti ons, more 1 1kel y 

r.fl.ct r.al variation in neuronal morphology. Despi te thi s 

variability, the overall projection pattern 15 re •• onably 

reli.ble. Thi. is shDNn in Fig. 4A, in Nhich dt-awings from 

:5 fi Il. of hai r 1 are super impo •• d. 

The .imilarltY of the projectians from hairs 1 and 2 is 

dettonstrated in F~g2 2B, which illustrat •• a preparation in . 
( 

Nhich bo~h the le.ft h.ir 1 .nd the right hair 2 .... re ofiUed.\ 

The pa •• ibi 1 i ty that the proj.ctions from these h,air" might 

dlff.r .1onQ the .nteroposteri or 
1 

axis ·w •• t •• t.d by 

in.p.ctin; horizont.l •• ctions fra. g.ngli. i~ which hair 1 

.... of i lied on 011. .i d. .nd hai r 2 on the ather • No 

differanc. w.. d.tected in the 1 oc.t ion 04 

prajec:,tions .lonQ the Jant.rapo.terior axis. 

\ 
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tJ!s!=!.!!y!! !l!!!:!.s. ~=g 

The fallowing dli!scription i. bAsed on 12 fill. of hair 

3, 9 .ach of hairs 4, ~ and 6, 1:5 of hair 7 and 16 of hair 

8. (l 
\ 

Shortly after .ntering the subaéaphACj).al. ;anc.Jion, in 

appro>c i matel y the same regi on .froln whi ch h.i rs 1 and 2 s.nd ' 

their ventral contralateral ~iber., the ceUs frQII h.irs 3-9 

give o.ff. set of variably eKtensive ~ost.riorly-dir.cted 

fi ber. (Fig. 2D). The dansity of the posterior projection 

varied both within and, amonQ hairs, ",i thout 4Ippp.r.nt 

correlation ",ith the identity of the h.ir. The main 

dorsally-coursing projection branches to farm A 'V' or' 'Y' 

according ta the dor.oventral levai of th. branch point 

(Fig. 2C). Eight si ngle-cel 1 fiU. of variou. hair. aIl 

directed ventral branches, sUCj)l)estinCj) ei th.r that a .ingle 
1 

readi lV-fi lied cell type i5 re.pan.ibl. for this p.t~""n, or 

that this branching pattern i5 comman ta several of the 

individual cells ""i thi n e.ch haire 

interpretatian i. support.d by IlUltiple-c.11 fi11s, ln which 

it Is sometil, •• po •• ibl. ta fal10w th •• ajor-· ~r.nc:h.s of 

mare th.n on. i ndi vi dual c.ll. In such c .... , di ffrent 
a 

ceUs from the same hair can cle.rly b •• _n to h.v. s1.U.,.. 
~ 

branching patterns (Fig. 3D). 

Sev.r.l lIultipl.":hair fi1l • ....,... p.,.~ar_d in ard.r ~D 
li 

r'----
~e 

) 
,J 
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g.ug. th. .imU.ri ti •• of th. projection. froID h.i". 3-8. 

FiQ. 2E show. a gAnglion in which h.ir 7 .nd hair 8 "".r. 

fi 1 lItd an th. l.ft sida and h.i" 4 ..... fill.d on -th. right 

Th. te"mi nAl a"bor. of cel1. from bath hai r. on the 

left .ide overl.p eKt.nsiv.ly and proj.ct ta th. sam. r.9ion 

o~ th.ir he.ig.nglion 'as th. single hair ·fiU.d on the 

right~ "fhe projections' o-f diff.rent hair. ""ithin thi. group ..... r. not di.tinguishable, 

ant.,.opo.te"ior 1 • ...,els. 

in horizontal .action., by their 
"""'-

Fig. 48 is a composi t. drawing of ~ 

<fills of haïr 6 ... h1ch illustrates th. consiatency of th ...... 

~oj.c:ti an pattern. 

The f,ol1awing desc"iption is based on 21 fi11s of h.i" 

9, 14 o-f h.îr 10 and :5 o-f hair 11. The central pro'jections 

af th... hai rs .re in many respects si mi lar to tho.e .hown 

'bV the ant."i or ha' rs. A ventral contralater.1 proJ.ction .. 
\ 

wa. ch.ract.ri.tically sean but, as for hair. l,and 2, some 

v ri.bility ...... observed. 
i 

The projection cross.d the 

in aU fills af hair. ua and 11. For hair 9, the 

crossad the midi ine in lB ca •• s, stopped at t"e 

in 2 ca •• s, and stapped .... 11 ",,1 thi n th. 1 p.i l.t.ral 

\h..niv.ngll0n in the r.maihlng c.... Th. proj.c:t1on. of 
\ 

~.~r. 9 through 11 diff.r.d frota tho •• of th •• nt.rior hair. 

1 in ~ th.t • dor.al contral.teral projection ... as •• 1 dom 

abs.rv.d. Only hair 10 sho ... ed th1. projection, and in only 

t .... o, 'prep.r.ti,on •• ln 7 c.... th. m.i n dorsal 1 y-coursi ng 

brAnch •• s.nt .pa ... s. fiber .... hich app ... oached the midi in. but 
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ln th. " ••• 1nin9 f111. of hai,. 18, 

and in ail of th. fi Il. of hai". 9 and 11, th. dC:W-•• 1, 
, , 

med1ally di".cted projection ... as eith." .Kt" ..... ly sho,.t or 

ab.ent. 

anteriar hai"., .... ". p" ••• nt in 7 fill. of hair 9, ln 2 

f il15 af hai,. ua, and ""."e neve" detttet.d in fi Il. af hai r 
111 

~ 11. 

FiV. 2F i. an .MA.pl. af a .t.in of hai" 9 shoNin; th. 

cha"actaristic f •• tu" •• of thi. group and 111ust,..Un9 th. 

DBPC as weil. T""a single-cel1 stains from posterio" ha1"s, 

ane from hair 10 (not shawn) and one from hai" 11 (FiQ. 3E) 

had branching patterns .imila .... to that ob •• rv.d in mu1tipl~ 

caU fills, includin; a ventral contralateral proJ.ction and 

.. do,. sai 1 y-cou".i ng fi b.r that b",anched ",.di ail y, cros.i ng 

the midl1ne in the cell f"olll hair ua. Hori zonta1 .ect! on. 

th"ough gan911a in ... hich diffe".nt ha1r. were fi11.d on 

eith.r side reveal that th. projections fram hair. 9-11 11. 

at si mi 1 a" anteroposter i or level s. The ov."all branchin9 

pattern of ceUs from this group of hair. is r.hown in FiQ. 

4C, in which 5 fi Ils of hÀir 9 are sup.rimpo.ed. 
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DISCUSSION 

~!!!tt!! !:!!e!!!!!!!~.~!2!! 91. !2!1.!!~~ 

of label 1 a,. 't .ste _ .eh.i Il • have b-.n 

(1981) st.ined th. reeeptor calls of labellar bristle. ..i th 

cabal t, and ob.erve~ prDj.cti ons si mi 1ar to thos. that .... 

Nayak and 
, 

Sin;h (1q~:5),. using a Gol;i 'SUvar impregnati on techni que, 

de.eribed seven types of branchi n9 patterns for naurons 
\ 

. a.soclated with labellar sensilla. 
1 

The mauthparts of D. 
r , 
!!!!!!:!951!!S!!!: have three types o-f external chemosensilla 

ctvpe-A bristles, type-B,.brist1es, pegs) which contain 

resplK:tively, four, two and one ch.moreceptar .ach -(Falk et 

al 1976). Nayak and Singh sug;e.ted that the seven 

.arphol~ical t~pa. that they observed carre.pond ta th • 

•• ven recaptor eell. found in these •• n.i lia types. ,In tha 

patt.rn. 'can b. axpre.sed by more ·than cne caU -frOI! • 

ThUS, our r •• ults .do nat 

I5upport' the sUQ.ga.tion of Nayak and Sin;h. The five 

receptcr celle ccntained tdthin e.C:;h of the lar;e.t haire 

have b~n cla •• if1.d, based on .l~ctrophy.iological etudie., 

=-a. su;ar, • alt, 

(Dttthl.... 1976) • 

.... t.,., .ni on, and mechano- receptar:-• 

Our oburvations on the ànterior haire 
~ 

sugg ••. ts that th.,. •• ~y axist at le.st- three morpholDgieaU y 
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di"tinct cali type .• (Flg. 3A, ~ and C). ln hai,.. 3 through 

S, howevar, we found that lIora th.n one cali frIMa the •• _ 

hatr can have .1mila,. prQj.ction. (Flg. lD). - Thl. sugg •• t. 

that c.115 'which di~fer in thair res~onse .pecificity n .. d 

we have not been able té fol1ow cle.rly the branch •• of marlk 

'than twa cel15 fram Any .i ngl .... h .. î r f 1 Il , 1 t, ralllal n. a 
b 

pa •• i bi 1 t t ~ that more than two cell. t:an have sl mi lar 

branching patterns. 
1 

central branching pattern abtained ln fi Ils . , mul tiple-cell 

dl d nat differ liubstanti ail y fram the pattern ~arlled by 

sing1'.e c:ells ~or h~irs 3-8. ,the p05lii bi 11 t Y of • camman , 

terminatian' region far several t:"~c:eptor.type5 ls e.peci.lly 

intriguing because the~e receptprs play dlfferènt behavioral 

rales (Dethier 1976). 

~.ntc!! ~!at!~~D!!~!20 et R~!eb.~A! eg~!~!9D 
A ff':'eq,uent finding for tha organizati an of s.n.ary 

, ~ 

15 that the projection. of .ensory recepter. in the 
! 

central nervou5 system .re spatially related ,ta the 
. 

positions of the racaptar. at the , periphery. Such 

somatotopic maps have been found bath ln, vertabr.te. 

(Jacobson 1979) and in lnvertebrate. (Murphey et al. 19881 

Bhy.en 1980, Strau.~eld and Na •• el 1981, RODer 19B3. Levine 
. 

·et al. 198~). The central projection. of the label1ar hai,r. 

.h~w only .. crud. som&tot~pic organization. Th. ."terlor, 

mid-lavaI, and po.terior groups of haïr. have different 

projection pat\ern., but wl thi n each of th... group. 

, 
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The proj.ction .field o.f t1l •• nso ... y ",eu ... on is Cle ..... 1y 

important in d.ter.lninQ th. tarQ.ts upon which it synAps.s. 

SaCQn and Murph.y 0(1984) .howed t~at hairs on,the ce ... cus o.f 

th. crick.t, esb~~! dgm~!t!SY~, which diffar in thei ... 
'1 

dir.ctional s.nsitivity ta wtnd .timuli proje~t ta different 

"'.Qions of th. t.,..ina1 vanQlion, wh ..... they are •• "'PI.d by 

'~. have described thre. 
, 

Qroup. of c.nt .... l p.tterns .formed by the 11 hairs on the 

1 ab.llum. Projections from the .nterio ... hairs, land 2, and 
\ 

the po.t .... ior hai .... , 9-11, .r\ st ... ongly bilateral, whereas 

in the mid-levai haîrs, 3-8, the, projections are, mainly 

re.tri"cted ta the ipsiIAte .... l hemiganglion (excepting 

DBPC). It ... ms possible that these diff .... ences 

the c/', 
\ 

among 

proj.ction pattwns ".Y b~ .... l.t.d ta diff .... ences in the 
{ 

postsynt1lptic t .... g.t. o.f the cella. Although we have not yet 

identified thes. t.rQ.ts, obs.rv.tiQns 

(V.t.an .nd Poll.ck 198~) .r. consist.ant ... i th this notion. 
1 • 

stimulation of th •• nt.rio", and posterio ... hairs results in 

probo.cis .~tensions which are directed close ta t~. 

.. idline. W. pr.su •• that such .xt.nsians are acc~li.h.d 
o ' 

by r.lativ.ly sy ... trical .ctivation of mu.cl •• on the left 

~nd r1vht sid ••• Bilt1lt. .... a11y,*ymmetric' muscle activity 

Nould corr.lat. weil with th. stronQ bilater.l project.ions 

Si.l 1 .... l'y, sti mul ati on of 

t.h. proj.cti:ans 04 which ·a ..... _ pri .. arily 
" 

ï ' 
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ipsil~teral, resu1ts in laterally-directed eKtension., Nhich 

pr •• uMably require more aSyMmetrlc .y.cle activi~y. A 

similar correla~ion between th. occurrence of unilat.ral or 

bilateral projections and the degr.. of .y"""etry or , ) 

asymmetry of muscle activat'i_on ha15 recently b.en reported 

for racaptors which elicit abdomirial flexion reflexes in 

caterpi Il ars (Levi ne et al. 1983). 
(' 

.. 

The termination reglon. of ~he ch_osen.ory "euron. 

" cannat, hawever, fully account for the directions of 

proboscis extension elicited by stimulation of individu.l 

hair •• Hairs whlch have similar central projection. (e.g., 

haïr. 3 and 8) can result in differently direct.d ext.nsion. 

of t~. proba.cis (Yetman and Pollack 198~). Thus, while th. 

anatoMie.1 projections of the halr. form a diseontinuou. 

somatotopic .ap of the pariphery Cthey change abruptly 

betw .. n hair. 2 and 3, and agaln b.tween hair. e and 9) th. 

probo.ci •• xtltf\si_ons el'icit.d by sti",,;,lating th ••• hair. Ar. 

co~tinuously grad.d in direction. 

if cells that termin.te in the .am. raglan (e.g. tho .. from 

hairs 3 a~d 8) form .ynap~c 'conn.ctions of differlng 

strangths onto ~ common pool ~ fallONer cells. Suc:h an 

organization would ba si mil ar ta that which ha. 

descri bed for th. cere.1 syst_ of the eOCkroaeh, wh...... th. 

directional •• nsitivity of wind-sen.itlve giant int.rneuron. 

i5 thought ta be due ta th. differing strengtti. of synaps •• 

made by receptor ceUs stimul.t.d by wlnd. fra. different 

directions (Dal.y 1982). \ 
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Fig. 1. Diagram of ~ight labellar lobe (after Wilczek 1967) 
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Fig. PhotoCJ" aph. ,of cabal t -f il htd s.n.ory c.lls. 

A,B,C,E and Fare f,.ontal vi.ws of wholemounts. dott.d lin •• 
,--.....r" 

indic~t. m(dlin.. D is a saQittal s.ction. K30B 

\ ) 
A BranChl~JJ(tt.rn of 'c.lls con.tain.d in hair 1. ~~ 

v.ntral cont,.aiate,.al branch.s, RI! dorsal contralat'ra,J 
, 

b,.anch •• , b~ lat.ral branch •• , DBe~ dor.al-most bilat.,.aUv 

,P,.oj.cting cell. 

B The al mi 1 ar i t i es betw.en the cent,. al pattern. f ormed bV 
4.... 

.tain. of hair. 1 and 2 i5 de.anstrated in this double fille 
, --

C Central projections from hair 3, mont.g~, photoQr aphs, 
'"\. , 

focus. e~ posterior 
, Q 

tak.n a1: ·two. di f-ferent pl anes of 

branch ••• 
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gan;lian oi an animal ln which haïr B waB fUleH. Arrow 

, poi~ta 1:0 post.riorly _ prolec::ting ventral branches. e 

• t 

> , 

',' 
~' , 

1 f' .:' , 
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.nt.,. i ar-, e post.r i dr, ~ do,..al ~ ventral. 

E Prllparation in which hair 4 was filled on' the right side . '\ 
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Fig. 3 \ Dr • ..,ing. of single c:ells, frontal vi ...... x388 

A and B .i n;I.-c:.l1 of i 11-5 of hai r 1. 

C DBPC drawn ofrcm a fill of hair 1. 

D Branc:hin; pattern fcrmed by,t"o individual cells from & 

fill cf hair 4 are resclved in thi. dr .... ing. To illustrate 

b •• t th. diff.rent branches of the two c:e1'ls, cne ."as dra."n 

with • thic:k pen .nd the cther with a thin pen. 

E Drawing,of a fill of hair 11 in whic:h a single c:ell wa. 

stain.d. 
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CONCLUDING REMARKS 

Organt"s perfora A vari.ty pf beh.viora w~ich incr •••• 

linviron..."t, .nh.ncing thei r chances Of locating ~tiMUli 

r~l •••• " by food or f;:onspeci fics. For eXAmpl •• , th. 

cockro.ch .... v •• it. antenn •• ... hen it detect. a source of 

pheromone (Rust, 1976) , the Surphid . lerva. swing • its 

entrior •• g_nt. .i deways and for .... r~ and back aft.r it 

cont.cts .n'aphid (Chandler, 1969). The.e active r.span ... 
1 

ta ch.mical stimulation increas. the '.emp1ing r.te .nd 

•• mpling field of th. chemicels. Ta fallow a trail, the 

snaka d.t.rmine. th. are •• of highest concentration by 

.ampling th. substrate with its tangue. The tangue is 

_xtend.d aut and fro •• id. ta side coll.cting th. 

infar .. tion ta .. intain th. sn.ke .1onQ th. trail (Schane, , 

1984) • A •• a11 drop of suv.r st i mul ates the onset of a 
.!l' 

si.il.r bah.vior in .. hungry fly. The probosci. is extended 

.nd r.tracted reflexively ... hile the fly go •• aver the are. 

where i t had fir~t found the stimulating drop (Dethi.,., 

Nttlson,-- 1977. White et, al., 1984). While the 

pr:-abosc:i. i. ,.xtended, gu.t.tory recltptors an i ts' t.,..i n.l 

..... .-nt. the 1abeU\ ... , sample the ... alking substrat. far 

food. 1 have .hown th.t when some lab.l1.r haï rs Ar. 

sti.uleted, inform.tien conc.rning the location of the food 

i. encoded in the ceUs innerv.ting them. C) 
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~urthltrmar., thi. infar .. Uan can b. used to .t..... the 

danc., wh." SOIIIt hairs contact a food pat,ch, infDr'.ation 

about th. idenUties af th. hair. stimulated ca" b. u.ed ta 

or i ent th. ~rabO.C i s avttr th. P~tch' and p.rh~t..,.. th. 

body tawat:ds th •• timu~at.d side. ~ 

(}ft.n, wher. .)Cte."n .. 1 recept:ar. have a recaQnizab1. 
o 

spatial innervaUon pattern, inv •• UQators have loak.d for a 

central r.pres."t~ti an af ordered p.r 1 ph.,. al 

tapagraphy. The vertebrate somata •• naory sy.t.m for e)Campl. 

i s spati ail y repr •• ent.d in the sD.atosensory corte)f (Wern.r 

and Whi t5e1, ' 1973). Si mi 1 ar 1 y, mechanorec.ptar. on th. 

cerc:us of '" , the cricket patlsas •• yna~tlc fields Ar • which .. 
dependent on their p.ripheral position <t1urph.y et al. 

19a0) • A pOint-ta-paint rwpres.ntatian of th. r.tin.· anta 

the auperior calliculua ha. been d_onstr.ted ln the frQQo 

(Saze, 19~B), pigeon (Hamdi. and .... itt.ridge, 1~4), cat 

(Apt.r, 194~) and ath.r vert.brat ••• R.c.ntly, Morita and 
-

. FinQer (198~) have shaWn that th. gustatary r.c.ptar. in th. 

, ."galdfish 'a mouth al sa .aintain, a spatial tapOQr aphy 

centrally. t~i s ' study 1 have shawn that al though th. 

Quatata,. haïra of the fly are spatial 1 y arrayed 

peripha,..lly, th. aynaptic field of th. cella innervatinQ 

them da not show a "1,,,11ar spati.l continuum, inst.ad, thr •• 

discontinuous projection fields have been demonstrat.d. Th. 

behaviaral experitnent. however have demonstrat.d that th. 

hairs ,are ind •• d recoQniz.d individually centr.llYI e.ch 
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