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Chapter- 3. 

TRILOBJ~A A:ID EURYPTERIDA. 

Introduction to the late~al ey~s or Trilobita and 

Eurznterida • 

Since Trilobita and Kur,ypterida are among the 

oldest known fossil Arthropoda, the eondition of their 

e7es is of some interest in indicating the earliest 

known form of the eye in types nearly r-elated to 

the ancestral stocks of Crustacea and \ racbni dn. 

In each case an~ attempt has been made to 

indicate the primitive and typical conditions and the 

variation in the structu~e of the eye , as far as details 

of its anatomy have been preserved • Some discussion 

ot the relationships ot these to the lateral, 

compound eyes of other Arthropods, together w1 th a summary 

of the eon&lusions dNwn rrom the available data ,is 

attached to each part • The conclusions deal with the 

compara tive anatomy , origin and relationships of the 

lateral eyes ill these forms . 



SQcticn A. 1':rilobi ta _. 

i-·a rt I . ComparatiV'e ~~__&. of, t11 1~ lateral exqs of 

Tr11ob1tc;a . 

' 'Com, 01. · ' ;'~~'Ar.l. 
~ -~ 

T11c - ~-·ilobi tes, together 1i. t!; some lwtl ntr .ca. , : ~ the 

ho.tever 

the it· 

• 
eye in o 1c a l' the esrlieat T..J.""lOtm famil ies - eOol!.:-.c:"1~c and 

C~_ .. ato:-z_:~raiuae of the l ow· r Cactn~tln - {von Zittel, 19;17, P• 729) 

pointa t c the l'rilobites aa a group in which e r-rne evidence cf 

the ol. t e :la oi' th compoun~ eye, i1' not tht! actt nl !·t · cs in 

its r(r · t · on, ~ip~t rcaoonobly be scufht. 

J. e lntf':rnl eyes in .rrilobiteo arc r:encr 11:,:- c~r .. c: ibed 

eyes .re o.b . (.nt in l!t~rpcdidac. and 1rinucl~ idtw t :tl i e o t'11 th 

"\fe ll n . 1 i;...olnted genel' O. or> 'J tl1-:?t• f' t mi lieu . 

Jcecl. t .:!1 . . oaific;:;.t i on aF- ;:1dopted by von ... ttt aJ. {l.:;j7 , pp. 

72t:-72: ) ll .. am111es 0.1' the order !i.ypo;>ari ~ -~re . ·~!1out 

i ... o .l t O,iotho-

·,~ . .-r1l . j, .. C is no extant evidence thnt t bc oo-cnllcd 

/o:? 
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ommat 1d.i f::una in oth· r /~l .. thropoda. It is r·c. n blc t11 . t 

they r..~ :J hlVC bc.:cn mel~cly nger egat ~c;ns of' •. Cel.Ji • U · ~1Ctl fie 

aucb £ x-c n ~-, cr ocolli occur in ernstacea, the crtt' .t 

t-:lost nearly rcl'"'ted tc the Trilobi tcs -

- i~ .1. [;c:.-..eJ.•ally f::.sumed tb t the ext ernnl :~ 11 .:.·lty of 

l'ril ol · t •.:;{ea to the cor;1pound eyco ca' othc!" ,:.:th~·opc~ia 

ju::..t~_:· _ t.~K atosumpt~on tl'H~t the:..:e .. r e true. co._ ~und eyes. 

tin t~ .. ' llcning rcmnr~te the t ·r"ll 1s used in thia BGI.flo and 

the i .T"(•;· ced co·nr:1a3 omit ted. ) 

)o.i •<::d. compoU11·~ ::. yes ~· rc t:Jymmetrtcr..~.l:,r --1! . t d on 

the C.f • .. · 1 ( r doreo-lateJ•nl nm·:r nee o:r thft cEpl .. ,.aic uhi~ld 

/ On thie ohicld a convex~ axi~l Ll~~elln is . .. .,. 

·:fr-om the la.tt'.L'nl cheeks or genal nPm:H· b· :1 

lt' nr1t1..1.t1 1-tl l'ni'rc on e itll .. r side. 3egment"' cc , .c )C:lding 

t o tile • vc ventral pn ire ~ f nppendae:es nr c mer-ked ut 011'1 the 

dcrt:; }. .... '· cc vl' the [1' l>...lla by r,o.-e or le c ."'Of' '1 t<.. 

"-:-c:: cl.~ec.t: ic divided int . '"'!:! tn."lor ,· 
Tht fixed chE<f~ .i.u . ~lrmly 

compc1.'.:· '~YC, ia joined t tbis _long tbc i'e c ~·,7 cutu c , a 

lin t llc:1 coru:. ideralJl.~ 1 [;J:ph .• leg leal ir1pt .. t~nco h .o been 

attae1 J t. - o_o P.~ 'l'he fnctal autu:t•e p .. c 

poate1 i. 

round t~u:~ :tc . Ant eriorly the t "#o ..Cncia l auti.u'ew rnt y end 

G~parpte: ~~ 0!1 'oi n in :rro.nt of the glabel la. J.'he CI)UI'Oe of 

the sut"J:.>e:J determines the posit l.on of' the eyN~ nna the 

r ·lr.tive i::iau cf tbF:' two c.~H. ek '1rens. 

I · .'i''1.'t .!. ... t"! ly f' ... -. ..J ~ 
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:practt c l y ..-co.inst the £lnbclla t -c; n Rr the ... 

.. .. v 1 ··~ .... •31n 

o:.: th h d tJr~ield. lin t lJ•_. cheek it may l ie n ·_ cvcl as 

lol' i:c 

· egmr>rt, :~1 ~~E~·ueh it maintaino 1 ts rclnt ion t . th ."':...ciul 

t3u.ture . 

.1.'01: ::t... This ¥1i t ~ ~Ic eye forms 

a rror .. l . ~a convex, eet,:Llunnr, ovoid or c:t·c..acc::i:i·!.c 

elE.:vn it :. ·~.i'l v ,:ryinr. conoide::ubly in oize and extc. ·l~ · The eye 

"' . , 
-~ 

the l '"i T 

l :..-. 3 'ith ite lo:LE;ttudir ..... 'll axin J>c•l nll ,~ t ·· thot o-£ 

':ynt mny be perpt!ndicular to the lnt ,J, :· o.o in 

x..·c t · ~ · · :i : :rcrenti: .. ted .. 

o:pprl X~.!' tod t elobulur, biccnvex lcru>es wi tb t he Ct'l:'!l.C.: 1 

the C.\ t 

lens e .. 

~uch f:.yes . ce:r r· in Q(., 10 of 

Y·~- ~.rc prcvidl ,:_ 1 it 1 ]:)luno- ccnve.x .uKc .. , . ! t h 

..._'::' ~,ce o£ the :yc rn0oth and cvnt ir-·;.· u; . 

lor-, ly l) f.' c~:t. c., u .;t n lly hexagonal, ' c · -~ , ).• •"! ly 
...-~ .... \. ..... 

ccrt&L-. ;l,:.u;tc.cee. - see p . lOf-t 

i~rom t: llcx. eonel to the t~traeonal system . o :· ·.~ .. v l t of the 

the eye units. ·:loods ( 1923, p. 229) £1 v~o as 

exArnp1 r " Lindstrom's s econd t~rpe the Opir-th )"/Cl" i r-.no 
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eyes - ·tn cJ.obular, bicr .nvcx, ce11A.r at e len£.:. cs .. ~'.'c . :. . 

B:re 1te< l .ly c 'rcular but 'b up m1 .. d nnd inwar·d n · r_.. t · on :.f 

the tc . t y appcQr hexnrcnnl 1~ outline. 

•'hb.cc.:_, ..... l:.).m.mite~, etc. (See Fiu;ure ;)B ) • 

. , id" trom conetd red tb t the c-ycn appt"? ! "C<l 1·~ -::;1(; 

.r..buc ... . ., 
1 ' 

. . 
... ~ vtt!W tbe ·1~1 mi t ive .·~.. .r., ... eener!ltt.d fl c ..:.,!) u~ll 

f!!!~le, 
... d 1 1 ter tcncl~d. ~- d i_eoenintite . ~ 

1"': rea tr1 ct lo~-' ··"' the c C{\l~ochr ,. vl C'l/f'. t , '1 ce '~~..t . 

,. 

pp i.'od in 

th ·t ;_ye is p~ obn1J1Y sect-::nJ rlly c v clV! t.. :"r 1 t :1 other 

typt::l. ,he oepar~ t ton o... ..:h f't ceta and th i:~ cl:•c :..l. .J. • 

form La ·,·~ . .:chizcchrotl ·y . in, ic;tce that H e (.; .n ~· :ion 

, -we usually ar. t nfl'ed in P·.:gulur t lt. r n· tL1 .. , . . 

Vf'rtl 1. 

'?.'11c a tz<l of the f'aeeto varies from more th n ·5 !'il 

in ctc1 t ~ in sone schizcc1"ro~l f'yee to rrnte1. ecell : · 

<"lir.leno:iono in oome holc:cbroal .:-ycc , where there 1::\ y be i"rom 

ol.x t _., 1.u- teen j_nccta t.- the miJlir~tc-tre - vcn .itt.ol (1937, 
r_,.,-. ' P• V'.) I I • 

\ yc i largeot in .e1rlin ··bere it \ 



as a 
rounu tLc entire border of the oephalon aecord1nc t . __ ,_.odo 

(1923, ... ~ 227) .. vtho:wise the size varies gr ~.tly . Thore 

is gor·u . .:>t.ll$ o larger numb t r of lenses in holvcL~-'onl t an in 

ocbiz ... c ' i ~1 eyes . The mrucirnum nu~ber fer hclcc'n'onl eyco 

is :r-:1.:.r i n .!emopleuridee __ radians with about 1. i f t ccn t!l~uaand 

lensec (v ~ ;ittel, 1937, PP• 697-698). 

t welv e -t -l l..VJrnd in OQ£tea nobilin, four the. t 'li. .• ! .. 1 . il 'Q·lteus --
pali).i.:..j ._:_ n. one thoue.,nd in .Bronteue br·csnh.:.·tl ceo .i.ng 

to I C t .• ( 1923~ p. 229) • ·nly 

1'1 ve c :.· · ":il .. ecent, in l h_~ic9po trimex•ocdph~~]:. _!:.t_s::ec ('.l:un as, 

l~;1L9, : - _9) , o1gbt ln~Ol1S lotzi (1'l1omhs 

1::. Qt.l: :: •ulax occidieno nn<-• .!:h ~ ova cryQtot!pl].t.J:!£ ( ': l o , 1940, 

(Dele, 1_' , p . lll) , f ourt<:>e n in. !,r:illlerocq~h~~~.. __ :v'_·-~:__p~t:li 

(,;~.-oc_ , 1~ . ·;, , l' • 229) ' t h ir·tl -.Ctvo 1n !'.h!!£.2I!!L l p :__:.ng { Jlo, 194t. ~ 

p . l t ) , t: _~.,_·ty oiX in ,thocclJ~-..f!.r~ulai."!!! ( .lood·. ,_l•d 19v.:J, pp. 

152-1.:;.:., ; 
1 

L'orty- f ive in i:-bncopo chrlliata vru:· I.-- i PQ, ~ -~Oi~Gn:i 

YJtr. ~oil>Cf·~~ andE~r...5!ll!. ( Llelo, 194\), PI>· 17, 19. J2), 

sixty i n W'!.:;..9J2S ehristata, s ixty five in P. lOSf!.B!~ t.event y 

in P. rtwn<:>nai and one bundr·ed fl!ld t'curty 11. 1 .. r c - dop J ao 

described .. ; Dele (1 v, PI>• lh, 19, 24) . Twu to thl'Oe 

lmndrc<.l o ·cur in some e:peeies of Phaco~s • six lm.: ·:\. .:.""cd in 

i)alrnnni _::go houomon1 acccPc:i ng to von ~i ttel ( I :JJ7, :_r. ~'J7) and 

T:JUn i n :.Jchizochroul e yes th :re is a .ri t:c v , · · i: ':: ion 

in t llc nn ib :1• -u-r leneea even in ~ .. L .':Cerent ::.pee i · .. c ~-' the a rune 

genu8~ lo~eover in alL i ndividual the nmnlH:;,~. .. v : -·:1. ' o 1 th 



nge. In rlCops rana f or· cxnnple acco1•ding t c ClrYF~ . (1889, 

1'· 153) t ll nu'11.bt:r increaaea u p to the adult ot rc nd 
. 

Cccre, ith old ago. Thin vari lbility 1a 1·1' b. i)ly an 

1n.:~i<.- t 1 on ot the degenerate nature or the eye ·hich io l ikely 

on ot lt r , roun.do - oee p-£iow. 

~r. o cyca vary in convex1 ty !'r01'1 a pr ct i lly '1 t 

;.'C\t l enaea to h l r:hly convex at1•u tu. ... _t:t ,any 

~hun in the "11 copidae the eye ma:; 1!. 

Phacopa cl1r1ut at n vu~ p1En rn~ ~.dopu ·~ckeri, 

llil ..:.c: ~t lln cnryl1, .:..}.L£9P chr1a ~!!ta , • ..:.:...2-0Pfl l: ~~ 

Q;o.'O Ol' 

l eGs :.c'v _., i th tbc glab. lln. It i . .oliehtly .. cv tc<l 11. 

even u 

,orxc~hAlus dent~· I t uy 

ounted on an unjoint ed ctr lk-lik:. Dtl"'1lC"turc B in 

Thi. .. n e or 

Vtu 1 1 ' ltt·r c n be c emol"..etrr~ted 1th1n the l i 1'1it o!' u 1ngle 

eenun 

'be lo th · l nb l l & u:dhce, i n 0 ~ CL1~licephl1U, l ov 1 i t \ it in 

c . br- -·~, just cr,ove 1t nd in 9..:.....!.!:J!!E2. v -..-.; .. :11c".ly elevated .. 

... htre r-. : 1 s are drawn fr rt Dt.lo 'r... pupcr ( 1:)· , ·[v o they 

ru... .. c . ~ t .~cd t hroueb u~ tile text .2rom pug~ 17 to 

The V t . >i.lity * c:apecir..:.ly it11in t ,J~ limi'tL; •• 1 gc 1u:--, in 

::! c:11z c .o 1 ~yee , al~gu o :n iru:tability rhic-, ·:c. . . \ b 1n 

ctCC i t c .cc -ttl& the au. voecdly <legenernt~ n 'l tu!"C r">:? thcoe 

/cyeo. 
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ot nlked c cndition i e :found cutaide t he ~·h· copi dne 

( Grdovici m t o Devonian) in ltOmalgnotus, of t h 

Gnlym<,u.:. w ns <tescll!led b. von I;ittel (1937, Pl' 4 7 2;.;-/.".lJ.) , 

f'l3 • e:J..l .;JJ in ;1aaphus cc.rtdge rufii, an .. i!!U!P~JS9'..:- 1'-! 7.:1;;11 o:r 

the. mi 1 e 0· ·:iln~lan .\aaph1do.e s doearibed b y , ooc,o ( l923, 

rc compound eye i n Trilobites appear~ t v 1 ve b'en 

Pl"'it:ti t -· vcly m d ty· 1cally u convex ,sessile ... tru.ctu.r-e . In some 

1~ort~1e tl1: . iO;,) reduced and ~)l!'ttened and in o tiL 1 e ait unt c on 

an e l{ v ... ~C:u lobe or stalk-11 ;:e latc x•a l po.r·t c~· t :tc. :1c 1d, 

':i:'he ot r:. c ondition appc .. rd to have been evolv ed nt ue.veral 

i l 1'E.:l ,_.- ~ t t t. a in diffe r (, n t 1'amili .'S . 

~12 oye3 arc often ~laced at ~he d ista l and ~ 

!'~-t it: cc.. "'"' l i'lc c xtend1.nt: -rz•o t he i'ront enu c" t· ... :bolla 

lobe. 

von ; .. itt .L ( .Lf)j7, rlp. 7' 5-70~ ) only in the r \J ... ' 

( 109.?~ ) t.mct CowPcl·- · <:d (191C, p . 121) tlh- ;ywli .. s 

_probahl:V . .'J .10\-led t he CCU. c. ~.!. the uptio n r-V L • 

t he €'}/ t- in u rnay :f.r c cede t h.: eyes in uevelOPt.l<.nt LlU i n 

roteUl .• .....:.:.!£-a.s;.i,s, an·J Qe r a t QI'gea, or suceee t h m c in 

_tychc..Q. .:-:~ r F3olenopleu~,. .Lioctr~ aud 1'riart 1"u: ..... ,u.. 

nccordi:~! ... o von i ittel {1937 ~ P• 713), w11ile in the 

/develo~cnt 
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dJ:iVelc:n ~lt of le.tcP f'o.t't'I.S tht~re ie a tachygc:..mt "..:.: t~' deacy 

t th' lo ~ £ the eye line 1n the eyed .1. orcts t G ~.n 

ln 

Conoc1 1· uyidao (von ;··ittel, 1937, P • 713) th(.: ~-Yell :..o -'ll1Y 

to a<;'­

cy elil 

\ ' '· :. ' 

I t would li., .... ~ . icult 

i:cJ.: theae discr .. t ncieo in the dcvolo_ r .. t of' the 

<. n tile . 10lo it 

G(.er .... c 1 CI' .r-obable thet the eye line 1B • O.$ r u 1·ef,; ~ted by 

~tubb:i<.f'i' J.d (1936 , fP· 1+21- 4.22), ucrely an et~terlor ar·t 

l.)f e 1 ··val .i~idge, a shell crnnm.' nt, ll!d.on l..,Ul'l£ cut ..:·voo 

poetcrlc~ nnd th~ palpebral lcbe. The anter1 ~ J rt u? 

thr.. ~.'hf:o rct4llina as a thin cyelinc connecting t'h~ Lnu o:r 

t '1e 1c1· _ - in clooc _1roxi.roity tc ihc ~terior p t f ~he 

.. - ... th 

:. ,(! 0 the conliit J.cn 

lr1lc'b. - r..~ i .; .t' lnt i vcly n in .11 and generali~-:cd, 1 tt c :Aptc 

l'-..'tQ in .~.~ l~tion iio t!1c cephalic aut·a. ·\; .. 

nd valpebral ..!-viJt_ tlK facial autu.'t' ;!OO cen 

:>oei t ic.. ;_' t he eye. 

i:.: :~ 1 .. ee cheeks c.rc ueu&lly taken to r.· ~n .. ccent th.-

pJ.<:~ur .. n 0!' ~he ocular ocp;rtl·-·:rt - sec :.cCoy (1~:1+9, lo . 396; 
oil 

\nl .. v .. L L~tcl ( 1937 , V• 7l-7), Ace· l''line t t h 1L.ott 

/ (l91Dt 
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(1918, _. 115) they 1~preoent the expnnded and lnttc· 

..:luelca wh1cb tll'C anauoed to have b z:. 

by .:>t , .:.: • . ? 1 • .Jld {1936 , ~P · h-..7--414) 1n lJia revlc ~ in ·:ticb 

be det 1. . 'n '.rly ·xten:.:;Lvely '.'tith tb\..: atrueturc : f the cboeks. 

n t or the 1. a r11er autboro placed the eye In the 

eeccnt :m d eegoent. .\lthouth nernnrd (1894, _ • '·lt:.} 

COru!if. J..• d thf\t it Vlfl3 tfa, lonely ue.nderer on ~j)('J f , CC f 

pee it ion in rt.l it 1cr.. to tl1c 

.... h~ f'irat and "":econd B"'gmento. 

co~:-dine to:Jeech'-'.., (189~, *p. 177-17 . )~ 1897, 

~ c..:n ... idcr(:.u tlL t in th J!.~ imitivc r z:-ou· :cy- op ... r1a, • . ocult r· .. 
. 

l.' thi ch l''C blind Ol' with aim""l · 1 tc 1 .;es' 

gment rem i nc·. -~ eJ ow · r i t h the I~v· .[, t I, that 

ent i~c.:. ,, 

n.... ceesar1ly cnclo: ed i thin the fr ci. l 1 utu-: , 

ntioilOd 

"liO.;.' t- f ·· · cifico.ll~r 'Qelo~ . .. have abandoned t h J i o , '_ the 

ir~:ac-vc..· ,ili ty ·_1 .. the eye in l"t'!l~t :.on to a cup~wr. e{l'. y l,lC1d 
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In extant ·rtbroPQ-.o the b ud -~".: .. ~tr 

ure 0 .. t :1 cc::.denncd n;1ii the lini ta of the c f.i. --n~ .... n• 

The pool tton o1' the yc '"'P .. ra 

to be cd by th:· rclattve 11roport1ons of tho ··u "'cl .. ont 

vUC hcod (which VElr}/ i71tll the babi tr 

· -J7 ~ fixed 1 lrtion to the rt~ ""t c , 

I_ ouca a r { 1 tion extata it c-- .fl c ·-ll· ~ 

d 'by an exten. 1ve ~~or: .... ml .. j.Pon o.s.' .. ~1<.: 

h)t•n!·rJ o e1 • 1 C?"lbryolcr:y oi' t~c lK d ':' clet>1t ...... J.d 

t:l i.l' t . on to the nE'1"Vc .. lB G~Jtom througlL. u.., t.1c 

c thi 

of gr• 

~ u.ch nn lnvceti£nt en io be_yor.<1 tll ceo 

1 sis. .nth i n t hf..J '.L'rilci)it.: iJ 'tbe-u; c.LV _ tho 

~1-w eyo tc th caph1lic cutUl"ea i ... 

o..:-t.ani!e in t el"'onooy and therc.fol'C 

:on.o h 'el:tnblc. diocusaton, but al t: C.l · 

t t 

c nult £ 1n ...'rilob1t~u .to l1]ler than in t ~ 0 h !!' 

, it ia not et·i'i'icie;:.tly cl· or tc C' _lc !! 
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Vi· u:U. spots • the so-called na imple~' lr t or ~ 

c:-yca, .... ono tin-.a rcf't..rre d to aa n ocelli '', ar e cae .tc~. ·119" 

e1.l f. 

!ill! f-2"' ,• 

tn tl'!· 

cc.:1e mcmbcrc c:f the 'Trinucleidne ru: nelr-
. . 

111 the you.ne ~l·;;{l2toltt· us ( al thcu~il ba nt 

alt · .r this forr.1} RC ,:eccrtbed by \vn ... ltt 1 

(1937~ . "/J.l~ ao t7E>ll o.e in come e:pecies cf t h Le:nUf~ 

£r1n~}~B£ - ~~ely ~-~~klendt ~~d T. soticor.nuo uo 

h: Cowv 1 .. -t.eed (191(, 7"'lJ:> . 118-121) nrd 

· .icht ~· ( -.J~l, P• 191+) · 

in c,cc.., . cnc<' to tbe ( rGovicion ~lhile the 'i'tiflu l e idao 
/ 

e:>:clu.t ! · :,n ~culiar f·-::rr.1 Orometo.nlli! - see .,be:J~ 

J. t .1 n ond p rslr;ted. t t he Devoni t~r.., ~1 c1.l .. <l-

·:1 ttcl ( 1937 ~ ·"~ · 729) · 

'both i r · ·dult And i n the c.ev !.opmcnt, nly ~nc t,: e 

of lr:t ·1 .we OHY cc:eu1~ in the UpcCiGO ... citll<..r t i\0 

_.the "oim.:.lc '~ . 

r . 
..\., 

tul>crc · ']_ .n the test. ~lC; lent ict:.lnr t: "t1. ·cttU'C Of 
' 

"' l j • Theil• v i.DU!il function ts ecncrolly 
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\Jhieh 1, :: !!ompound eyoe but in approximately the ~.:\me 

poatt~.t:-~ c-:.B the la~ter C>CCtlPY 'Th.n present. 

-. 

p~obalJ ~v riehtly to bt: rcgardt"d an vis-ual organa '£,, aJ 

r~rud~ ~h"'Y f"Pe not neeesanr:i ly ocelli, ae von 15. ··tel {1.)37, 

( l:e hcmologisea tht ee : · t'il ··the 

ocelli 

0xto.nt cviG.cnce . .'or any h · cloc.iea 1. 1i~h the 1.1 U.i.an 

ccclli 

\1 the·!~ , 't tci,.• biconvex ..(.'olY1 u U.c...,cribed b~~ :L. ·,t ... ~ 

( 192.:i., • l..;.:.J J ru1d tiH.. il c Ci..tt ~cred Fli'l'llngerr ... _.~ :::·"c.~t. 

then · 1 

tl1ose r.. \.i:.>:.. lopou.o, they t:i~t equally .. t-11 1x: ~ lC - ... 11 -

~·ted o! ut1uiul units c.:.. 1..":. ~.Le;~ne"'"atc coopowtd f:.y~, 

~lmil( .. : ~ ... :u ... c o1' Isopo~..c w .. d .mphi:.>ous. 

to b( · · tt~~i• 1, they are ecn. iCtcr;..o. in ccm:.c ct: O!'. ·1t1~ 

the · c:'J.Jo i.P..g I'emRt'kfl r\r,~,C. the \.'Ol'd 11LJint?le'' tn:.:cd in ~ill 

ntl!:1b _ ·· ~Dually t iO : l' '::1_• e, t·to lcnoes c~c"..J.r:!.. r. in 

.,..,. tt ·tue - .... ,. ..... 
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f!arpc_?_ n ~cp_ggephalus the eye conaista <:f e. l&oree 

centrr:t: .. ·m.d •!i"i. th two amnllcr mounds, one on eitd·., 

the thi'Cc r.K:~:::: tubc.rcul o otl' 1' E..'ilnll l" lenots in 

w.re r: 1.1 ornamf:nte.. It is pons1ble that 'they _ pr•eac.!lt 

uet:eLt · tc ·.~noes tlnd the remuino cf a larrc1· q,c. 

J.. 4 th ~sreu Trinucleidue there Rre two lt.n!J o 

en .. f..:;: •• ;_(..c ~levat·.on ccc.oJ.->dir.r. to ~ichtcr (1:.21$ ·; . l?.)) 

~11~~ tc 'OO~B (1923 PP • 230-231) C~ ~1nglc 

. ocord.ing to von ; .. 1ttc1~ 

. ·~' 7) onr: to t11rn;! l~~1sea :,ccur in L,t!'f1C.J?.!2.· 

I · t:1:tc ccnnect i.on th cenus r·rometor)Y£ 

~ccordir1e to :: .. nl:c (1~·.7 .. 1">.45), 

.r-cam.l"" por:aesa: s n compound eyo it h~ '-·'"' bo 

plt\ccJ in tJ.1c :rnwtily Tri.nu<"lcidne. 

?71 ··J,tt 
• . _) ' • •tl-. 

Under-· 

the c :·.ot~ ?:P':j"ia and the l'e ~ t of the Trinuclcidt.tC' into 

tbe li:;·c- ·u:t·ir.- eee von -~_ttcl {19.)7, pp. 7L~ ... 7l· ) . 

: .. t:1-l VicrY of Lal:c .. nd !codo is acce:>tcd in 

this r' t i~he ci!"jpie ye.:; nrc ultilont certuinly tc ":Jc 

'M"'c• ,-:, b1 1l-, '• ·~"'"~"Ct CP}.l0 
.J>. ~ ..... \,;:; ,, - -· - • ~ _-:, ~. 

t?lacrcc : ·, :,~ cculd th::n be deccribed as tlle aeco!lCl' 1te 

z.~e~n~.m.t c:_' ·-:. :: OflP ound c end it 1 on in Harped i dae .. ! .... " thiS 

/in 



ia net t .Jt:C;,.>tcd the ::1.uee t Lon or the origin ci: the ai:..t)l t: 

'i: \: s lr.tpl· eye lena en Rl'e deacri.bed by :acttcP ( 1921 , 

p. 19() - · 1,1!ilinated and ns resembling the r u.1 t c.f :.:.he test. 

Thie ~c:~iats according to v~ n Zittel (1937, v ~91) c: 

cf\l'l.Jor ecou3 M d phosphatic compounJs of calcit~ ... , oo·1e ot 

which u t ol~iginally have bee n C'hi tinou.s . In l>Ol~r iocd 

light ccc rding tc Richter (1921, P • 196) tbc :..cn'l0S re 

clenrl!" iotl.lglliehable from tlle teat and eholl o· amnonte . 

n cyeline similar in position to thut o~ t'i1e 
I 

compm•rd ynd types , has "b~n deecribcd by RL::ht er ( 1)'21, 

:) . 1S6: \:1 ~!l1£! nnd 1-:t.~lJl~Sleus SJ)(!ciee lnd in _- ,:_ t ic·~..tl•u· 

by Ct .. P -.!o~u (1916, ·. V• 118-119) in TrinU£1&.1. _j_·l_iS PUiS 

nnd ·..:r±nt, ~~5~us by£~~ nx by vcn ~it tel ( 1':'37 , P • t-97) in 

}!~rpQ.f , n~.: ·~!;.. traaplA spc-cico. Cowpcr ... :t{eed ( 191r.. _:; .l:t.D-119) 

4'.tnd ~ ich t '.:.+ (1921, :PP• 195-9G) COl.lf!it1er tha.t t :i!i!. li 1c 

:f.:.:llo· L t: e ccm•b( c .. f t he opti.:..: ~rve .. co~ J;'f~ ·- ~ d :points 

by f.t c . i o "-. lines raci i L. tlng out f'rern the p . lli.t 1' o~·igin 

of th~: LY li11!.JO in othc r - or.J,. He deecribcL. t~:~c c ( lJlC, 

119-l ~. ) ~.~ ~i·i~us:leus IDUl"Cil!.sf:!ll., T. g1b!...s:f. c·:tJ.. !..._ .• t)wridgei 

U tho\.1 t:Jl he .. olntB out Jhnt f> i "'lilar linea nl"C' l:c.un..:1 in BOrne 

blind l>.n COl"yphytdae (Dionide) tberc ie no .. t C!.dcr.!.t in 

otb ~ ·rtl_~poda for ouppooing that en degePc: ~ic~ or the 

eye- t11t r: Jtic !lel'Va wouln be 1 ik. ·ly tc 8pl it i .tG 

of t:Lll ' ·, c·; nervulea . The evidence f'c r rt=>cnrding thia 

line aH f'o llo·iin.g thE!! <'ou rt.!e o:t' the optic ne1·v·.· ooc· f3, ao 

/ in 



the c ttc 

is l:.\~· .M>: · L th~ t of: the ccmpctme! ey :3 CJ.., 

1•hc. ir prccl~::e re intion to tht: f •. e. ·h _::i::; 

!nnt_ .... _, , :r a 

d .·re el :.: ci:t1 suture a mr-•ra:inal auture is generally 

a.r~sur::c d. t :Je present and hem boen C.eocribed in :'riaucleus 

"' ~ ed (1~, 1~.,. " • "·41 .. 191c llQ" s pp. l!~- .ouper-.~:~.e _, . 1:" .., , ·.>, p. . .:; ; .. 

r.ta.r·tint.. 1. c·uture was cle nrly defined in Harpe~ by ii.icht r 

( 19lh, .. 11~6 .J 1921' p.196). 'fhc rclat ~ on of' t:1e ;: .... c ial 

(In tht> a ; cencc ::·:f internal t v :t .. . em c 

tneir 1 c 1 loey can only we decided bl)t their l ' l ntt n to 

the rcr t of' head morpl!clOf~Y). 

view r::. :~cc!'Jcr ( 1897, pp. 1'17-178). 

·:· ·:1'3 l p is t henar la ~H1 1-·r·oparia. The CCLf'- :-..:.:.d 

neccr r·M.:c ith the morpholce Lcul s1gnif'icance ct·~r c!\cd 

t~, the ·· ·,cinl suture in 1: a relation to the r f'nt t f tho 

heRd ~ :\ ~he position of the eyes. 

~11.1. unless the r:.::yeo ore diphylect ic in or·ir.-tn 
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cluBt L .:.<nl (1897) - the _'ucial euture c..tr.JJ.. -. b e: 

rccar· et! otlH:r- than ~~.~ccndt cy and w i. thout stric t 

i.to:r•phL<J.o. ' ul 1:--elut i.on to the pocition ct: the eye • 

. . . t aubDC.<j,Uent authol .. l-'! 1 as ~~asetti ( l9l.t.J, :;; .11~~) 

e:n.~.;hafi · Ch..-.~, hnve ~..:enied tile rigid morphological l,elnt lon.s 

o~ tbt fcci nl and marginnl suttwea t . the eyes. n1ey 

have t~ ....... \,..· re b_,en. free to regard the compound nd 

e itn"Jle ~;;cr. ~a of cornmon origin aa is suggested by the ir 

!.Jutually xclusive occurl"ence, sit'!lilar· i ty in :;_1oc i tion 

nn<, rc la v~.on to the. eyeline. 

?1 ~t; the rae ial and mur·gina.l euturec ··ev1•c. er·t 

r.10ulti: c :.ne:J without moP~hclogical sie;nificm:cc 

1'11'0 t n.' ·:csted by .:.Jal-.1' n<le ( 18,:;3 , p . 118}. ThiE ..... .. 

u:;~~cl.. · -~.. ,.Jinn.e .. ·ton ( 1:; l ;_;,, ;>·1L3) whc stres l:Cd tlH'­

i't:.ct tl .t tht. assumption 1 b cmr;loey bet een .r;:.r t· .. c 

mcult1:. f: 1 ir.II:S w~r:. 111tr-ly t c be unaound. 

'i1ns b 1 c· ,_ ~-t:lcied b . Hendrikaen (19)ij.., p . l03) , ~ ho 

,;10Ul t ~.ng · ···s pri:ui t 5vcl;t 

· . the t t lJ ~prir .• i t i. ve eyed esonaci -=. :.:r~.ll)-

bi t ee ' 

ecdysiu. In later gr oupe {Insects and J.IyrinpoC ; 11 t.ttl 

well r:r. in the more advance_; '!'rilob1tes, Cruett<:U:\ . ~J.t 

verse £U~ilr .a or e the r spec i alisationn. The d.::re ~.l 

.rae inl .. n tl.:tr•e 1n Trilobites \Ins s uch ~ sec on_ nry ('Cy .. yc inl , 
line 1. s i. ~-ned t o :free tlJe l arge c ompound eyef!. nt nee 1n 

/ncultil'l6 
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and lu: ~ CI' J.eve loped it8 o eneion demi~nded. 0 :_~ l'- :e d 

(191(; .17 ) conside1•ee t'1 c t !:~e los~ vf tln .. ~..r .... J . 

1"~cial :.·J. ·.u"e in- ~.~-.c:=e sim.;::-lc eyed :fcr-ma ·.vac or -poci t t ve 

c ndit · .... tbe loea oi' the i'ncirl e uture would rr....:..C0~ the 

heRd t1 LOI·c r1E:1d burrowint: t eal, l hile tlle ye·:, r·cd,ced 

tmder ~ .. :c e conditione, no longer require r;pec~nl 

moult ;_-.~- l tn • .Jtu.bolefield (193G, p .. l~lv) · lnG ~-C" ... 'ded 

the f .·ci 1 t!uture ao or ndevtive eigni:t'1cnnce ~)ut cvol07Jed 
• 1n a~:-.,_ and~ '.'lith tllE:. l~olline u r of the body ·1-c. t-1 .... 

f'eedi: :· 10-.tcmentr. 

Xt , e;na probobl~ tJJ t the "t\rimitive c:rrtdit:cn i a 

thot v- t.J...: r.jes onccidae ano. th:~t a dorae.l sutm.·e i~; 

evolvct" .1n ada-;>-t:ive t.l( ~ oure in those with 1· :'r.e co . .l)Ound 

eyet:>, 't.i1ll it is 9bGeilt in .l.'0l't1S in which the eye:.. 

i m_pl ;;· 

~i1A ·r: i s little t r no ('Vidence in J.'t,V \ tt.. ~; ~ t.w 

ln [col. !":: ~ ·u·~ nuccosaion tlv. .. BR:'pedidae nnd the Trinu-

cle1drt ~~:~.!l• I nt er than th~ t n.c·liest eyed l~Ol"'!liEl. t1t11 

defl ern·.~cd ?Jy Clarke (1889, p . 253)' the d~Vf-lo:v .en·~ . r the 

nc ir:.t i.e t ion of an oripin in the coalescence ,_. f' .... ep ·· •ntc 

/tmi t:~, 



rmltb. In :; ... ~Q:Ymene, the yec, although scbi.zccl:ronl in 

to ln~ i.e i:o ~ h<:: existence of sc-·,nrate unit< .... r ti .-

~ondi t ' n ,,. ... ecedine the com:;_~ound eye nnd to . cint t - the 

:~.d.·pedh, · m.: I'rinucleidn as 1\: .. :r:•ms in wbi cb thio 

.j:riid tiv,- c....,n.dit1 on hne liersisted, althoueh loot both in 

til,.,' ad 1 t md 1n the dt~velopm£·nt of the othe1 ... ctu•licr 

typt.:. • l;t;gcne i~ a me11ber c:r th~ Proparia, tbe moot 

:!.a tel~ :.;olved c:rder f in il-l cb the eyes are- of a .. e :,.c:1cr-

It i G , rc1YI;le 

thr.t t1:~ d vclcpmfnt in thto cade is withcu·, i'el ~ t len to 

the · h.J loe•~~lt i <= aeq_uence i n the Trilobites as a ·ho:· c 

and ~· 1·c l ;y- !_'Cpreaents th. rc...l~tively late devel.op:'lt .. nt _ot.-

.{!lo .... implc eyes a. ~· t11en probably t c be r [ ar led 

ac t i1 ;. ucts of dcgener -~ .. on of' a compount. eye. 

i .t to 

, .., ·thel'O the numb:-r o:f lcr.nct 

vari0t: -l'<l!l oeven hun~.n•ed nnc-4 aeventy to a s f'e\, ,:s ;' ·~ ve·-

cr ei.x- '1 c ~ ndition &pproo.chin£ thnt o:f the slr:clo ;.red 

Gu~h dege-ncrn; j ora !.'e 

not urj_. ! c..n in C.t•ustaces · -· 
' 

).Jl'10dn~tr. ~~ rc t~mmAtidia r<'·ld not Gcolli. 

is alar t:Z1 ~.~noc in 'l'rilobi tea is a rrwtter of ccnjcctJtl"C, 

/in 



in the ~1K;cnce of 1ntcr11a1 evidence. 

It OOO"lG probable th . t the s imple eYt-G :rc:re del:li.Ved 

from c:<. : ... >CUJl.d f orms , which degenet~ated into tile li" eor1_.1onent 

tL."'lits, h ilt. the facial suture wua lost oJ.:"' 17ai2eu. t0 

~.eve lc:_: n1 a Margh1al suture· wao resuscitated Ol" [iu!.ncd . 

------------------



r.r. The aln:..cnce of eyes in Trilobi tea. u. 

...he l"el:;.tionshipe <J.' the Trilobites 1..,e u m t·tc:.· 

or sr..t c t .:e_·t .t1.nty, since, as iarburg (1925, l· • ... / .7) 

llfl.G st .~-• . cd they were "a shc1•t 11 ved group evolvin,c 

rapidl,.;o .lc.ag di:ff'erent lin ·o, in which the l or·vt l _, rmo 

ant~ env:.r· n ·:tcntal edaptationo n.·e li ,> tle undel'C.tr ocl , a o 

th~t i L i J i .fficul t to force thet,1 into a Go.t · e::·a~::t 1·y 

c lacs if i<'at ion of the \ rthropoc ~ c. ie:~ed 

m~inl~ t ·; : ~onmodate mcc1e:..n :orms" . 

It i.:J ~ leai· that tht. , . 1 t':e eren t i at 1 on o."" nor.'!e at 

le-!~ei.: r~- ./. ~ "' c... \ rthropod c: sea had fl(~Vaneed t : .. 0. 

cons 1.d( ·.• ) , ""' J.. .... degree by Or r.1bri~n tbes. Th. :Pal contoloe-

kno· r- .l·~h .>opo~ s the Grt.atncca Notcetraca o.n<. tlle 

:t.'rilobtt p' . itlwut clea1., in~ic"~tion or f'or1 Jif lir_J~ing 

tlleoe t ~.le .nr.telids. 

lCn t.rU'" _ . .L ( 1932, P• 103), h •. ve r .. ·c.arded th~· 'b.llv il co 

os the ·- . .;1 ~e.. anceotorL o:: ttll the ~ rthropouc. \.::1 l"'S 

relatic.r:r.hip •.;o "he .\rachn16£ i S considered i n m •. ._~..;c..:tio!l 

For the L~o:: t I>nJ.:t 

the TX"1~-0'!)ites have b ~n rclcgnted to the Orue ... t .en 

·.th~re t >, y n;~~lly c~·cupy ti.: ... poe..iti.on of a F.'fo~l: e. 

ho have allied thern to the Grustat:c... -t>c; 

p . 9i ct f:J C<"'!.• ), Carpentei' (19(3 , PP• .345-346), nlco ... t 

( .. ( 1 -
-~ ~· L 
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(l9lt: ,. ~ . 11)) , Ca.L'11an {19l.d P• 3Cl}, Woods (19?...),_ ~ .21}, 

'/nrbur[ \ r..:1~.:; , P· 374} f.lnL, Vvn ~ i ttol ( 19.3 7, ~ . 71.. 2). 

T:1 .iP .t'..: l nttonshi:;:> to ·~ h ·- nc:parate extant o1ac1'~ 

1 t hourh Rnym .~nd 

(192l,: • 1) ttem11ted tc ally thc:--1 to t he Dlcpo. , 

Cnlmrr~ (lJ?.l, P • 523) pointed cut thct this r. o rnntRstic. 

01."'rpert·-s.~ {19L3, p .. 332} h o.d pl aced them with tlk 

Leptostr en but ar-: V£n ztttel .t101nta out (11J)7,. p. 7':.:7) 

thtY c ·· .10rc gene:r·qlly allied to tlJe \r,me-1 1.1:1!!> ... r·~a. 

C lman ( 191".1, p . 361) pointed out'tht t, 1.11~~ no 

rrilcb· te ·us ou£ficiently : .. enera::iocd to h vc ~ vcn :.>ln 

of both . •in"", d to 

ran, e in th<" anrliest G't. bri on t 1; toe 

th ~ril.v ;i ·teo w re more ''t idesr>reacl nnJ v f3riecl tht n the 

Crust. c· it te j)robnble th"t the Trilobites' cr.ac t!H: 

c wre 

i'rilcl ~ t ; :·e ·~teri ved fr·or.1 ·:2US-11ke forms or tJ.i t 

J.lrilci) · t · nd Cruetacea <"!. vcrt(;:d in pr&Car.~b!•irn tiuea 

:from t 

~.'1" c . .> :r~ sen~,- of 

be dt1t. to 1n e vc11J.tton conve.eee,.t tc that hich 2 o uced 

the <'C i rotL"'..d eye in Cruets--on cr the similarity mu 't bt. 

d.ue tc.. t-. derivation Lf theae ::'o:ms :rrcm a r·o:-mon <>~rca 

anceetu .. · . T:r'Je former c ase rould prov l de a p1•ecode: tt 

. J''ut i[ · : cy1"J mi[ht t!1· n be r garlied rso a f't l"nllrl but 

.. lor~· f'( eel~~ .::.;volution). 

/~ n 
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on the other band • einoe true compound eyes appear 

to be restricted to the Arthropods.( althoug4 less highly 

differentiated aggregates of eyes are fowld in some 

olluscs ( se~ patt"n • I88o ) , in soae Annelida 

as in nasyghone ( see Austin , I8ij8 , P• 27I et seq. ) 

~nd in some t chinoderms ( saraain • I887, p . I et seq. ) ~ . 

it seems probable that ll the Arthropod compound eyes 

are derived from a oommon~ ancentral for~. 

In thls oo~ection , ~he occurrence among frilo• 

bites of blind forma and their primitive or adaptive 

signlfioanoe is of iwportauce. A pri~t1vely blind !orm 

would imply either that the co~ound eye had been evolved 

.more than once • oif that the compound eye in orustaoea 

had been evolved from that of a relatively late , eyed 

Trilobite stock. 

The absence of any indication of the evolution 

of the compound eye •1thin the Trilobites themBelvea 

makes it difficul~ to suppose that the primitive forms 

were blind• wb1le it is hardly possible to regerd the 

crustae~ as derived from ny trilobite other tban an 

extremely priaitive and generalised type. I! the eyes 

were primitively present and the blind forms secondary. 

the 'rilobites could be derived fro~ tue early oruntacea 

or vice versa or both from R nomroon, 1)re•Crusta.c2:m • 

eyed Arthropod stock. 

In spite of the difficulties attaching to the view 

it has frequently been held that the Trilobites were 
primitively blind • Althgugh three of the earliest knowm 
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fa'.:il i .: c totally blin .. -namely gnosti·:nc , 

:d conocol .. ypllyid"'e , ·hid" Gr1ginnt d i r.. tho 

lo ;er 

eyed c r. tCidac emu Ceratopygidae and some o· J~l- . cyeci 

ecner 'llipaocc.rphaliaa(,~ vle.ni'lne nnd. i ern "cx_\.-:··e '· 11 

· ~:1 r ne in t11e . t ~;ail records ncccl-.Q.l tc von 

',ittcl (1 ,.. ,37; ·p. 709-729)· 

nece sr.:.rl l y i l'lCO:'l!'lete P-n 1nconclueive, the : -!.' i.mitivn 

con !i ~ n 0nly be . cciaeo. .--r.~. the t: .. rounl, .. 
{ 

... )- . tltiv· nnat~. ~- · __ , 'Lhece forms • 

.. 1 11 ti ve nbt3 en' t_ U.;.. the cy WflO tna.:.;i·~ _ - ~* .Jy 

( .L~)7i, :Uint<strcrl (1:K3), .. achter (1~· r:1, "1 ·1>1~ 

Thee. e a.uthor·s ap .l ~~. l! : o .... 

.ury : _ , Oleni 1':ror:.1 V10 u_.p _. Ca Jbrian · t : c .. . . .Jt 

.1. itive 

nntur·c blind.nca& t.i' .:.'rilobites if.l ap~~ •· .·.t .. :.•;·. h1e 

ooit · 

~-::bur ."l ii o tmd R~phiophoriuae n.re cy eles ·.1iLc ... rinu-

... leh r n..~. H rpedidae b .e only einple eye~.. '..t.·ilc 

Conoc(/ tn~ b ee <. f the second ord · c 1 ~t-10-

'.arin! ~r ~ oltn.1, us ore most rH mbcre r-f' the ;LC .. ·L~· r lJ. tC, 

.. '1-)c rr.cnt l'lt'littve fe-,ily r:.t: thp t hird crder' ·c_:: 1.•1 . ... :.- ~'rhe 

1' trr;t b. .ppenr w~ c ve'ltral nee 1~Ci.it1£ t ~eech· 

:.at Fl.' th •.• c :t'.·Ved. up ont ._, 1. d.o_•.J ri • 

Jn.r•l, · • 
I J. •'- -
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mt" .... 0 al't. , howev r, ob jections to Eeec:,cl"'rJ v.LeHS 

on ce1Ac. 1, tl1eoret ical '\n, on tmatomical grc·un(-: ·• L1e 

Lon rests lt'lrgellp en ontogeneticol eV1• .. tm.~e in 

i tseli' ur:c.~rtnin :::md 'in i te relet ion to phylot:"<'~· 

Thus as Georce bao cmphasis~d ( l .)J. , j. ... -

•
1the Ct . • .., :l.tio1:s of nreservutl ~n, the Ci ..t'er r..t iJ'o·1. ·· .. 1· . 

bein~ . "') ~~ ~lH.t it i Ao • 1 -u i.(.':icul t t intc.rt r·, t • cirri ·'1G 

ith L ~ ·r ) --· of' charn.~.:t : ·r: t1J<. :i:ntc~ of £Lcccle:• t ~.v: _ 

ol" cnt• ··. ~ ~ .:-J : .• th .. t th(:: c:r:toc...;ny : r a lc1te 1 • 
ont- J · 

of tbr 

, · L1g a vs.nccd u'.t th., t cf' nn'jth "' I'''. 

l'.C 

ne£1 C'~ t: ~ atu,.zy or' the lnrvrl .. :escnacidae, ,1e occ.. L t 

no v 1·~· .1.titivc - see belm- nor' on the deve}opmc~t 

1 ,:roundo . 

C!' .I'l j_ 
.... 

.... u . 

BCC I'U • L 1 '"[\ •• - J 
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D he ~ble to crcr u~ ~~ ~ 

vcntr• Y' ~ .. which accordi:l£: to hie theo1 .. y eh · ld be 

or the uJ.t. 

I.. Dccchcl' 

r·i.,it i.v 
b 

Jn.cl i !. 5.c.n prcbn.1>1J' !"\ ~e 1blc· that r 
C.,t :rir · 

" 

im or-;;· 

' 1 ... 0 7' 
' \ '/ J 

.rimi · v ' .-.· !o".:litc~ . . L1dr.t r~ ·, ( 19t 1,. _ r · l.J , J. 

a :fn( i 1 ·;_ ·:m."'-- • 

. .:on~~ 1. 'l 

yd 

·~tlc ... .;-:, ("'. r l, :). 635) h:,d pni::ted out tb ~·,t tt c on {~iL nc 

were ·· t u 1 fr:~cinl su.tu:."'C :qnd l r>ter etll-'haL i cd th .. : ... 

onot· · ... lmi t 1 v ... :for: 1· ointed ,_t 1 1 ' 
\. - ·. ' 

I '"'- • .,,. 
; &- 't'....., - ,." .... 

mt:..t• 

'"ore 
., 
.1.. CCi.. 

of' 
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( lv 'l t~~. • t~n ~ i '' \ ... J • .0 v . ~ J • In 

r.:becnc faci£~1 Gut -;.li'. 

... cri Vet 

~: . .n t l. ~ t c ... the 1\rilol>i.t s fr• m the re:nn.il:·.nr 

.. rotC! · 1 . H1a views ur·c in. accc..r ance w·t. t: · c 

•. l oted t . the .rl. 1tlve presence o 

TrilOIJw ,J in ,.,nus l nd the .uryL't :orit ~If: J"t(i 
' ~-- f 

the : o"" eyes as Beech: r nncl other ent:l~- uthcro 

:uad Dt. cd. 

1t 1 ems probable t11; t nll the eyeleas i'o~ ... 'lC : re 

r i mi t ;.v .·' b liid c ond tt ion w• •ec edl~· the- ey d c r . .ttl,:>n 

in ~ erQj c i "Jae. 

T1 "'nc i ul a uture 1 \'1 a Ply ·~ eti•uct · (' 

f 0~)001P cen,·e ie :''Or'I e l nb.!·. c' i th t:~ t ,. . ~1 
'-

eyes. . ~\ cinl nuturt; 
, 
.I. -~ rn·e.·ent en th(• c.u~ G.J.. ,,_., ... _ cc 

in th . .. t 

ir!. Gcr .~ • ~ 1yiJae or' tl1 ~ lo · r tc ru i~a..Lc t:-! b.!-1 . · :"..u 

1:1 th :t i o i10r1"ae cf ,;}~c " _· .. ovicl .n to t1 

t u ·innc,:·ton ( J S l.J: :p. ~52) 

tote .~ 1~ l_ ~d. f:. mili<!s or~ the ' £11.03t idae c.i.' t ..,. 

G( .ibr:. .._rcov1cir:m, the !o i:.cL~ae of t 1tc lo 

.. rtiOV 1 ·1· · l• 

/ J ' 



374 

( 1(\ - . 
,J' .,.; 1nr1e to:1 (:::.,1_;, .. };'• 49 ... -1~91) i'cun· . o 

' /al ,:::.tt ( 1..1)1.3~ :._). l:J5} howeY 

-~ ·; 1 i Lo eyen anu · ·' c1c.l sutures Rncl -~.l].i (.._-:i ~ 

~0 i~h J.. t· · very clo.!ely r 1 t .!d to tl1r:o::e 

1 tc r · 

·1l'e n')<:ent L · ... c 1 g 1 rzl o r t1J f' f 

f' "iili· .llipG OCet-lh~J_i. t. t. ( lc . 

ci.. 1 

.. 
..J "'. 

'i I ' A•,_ 

.,"'. ~' ' ·- ... ... ' 
lle li c ·: 1.:. .<llc C ::Jbri :l t rc.cvicio.n}, .enr. , x~ .. e 

( ti . 

i i - r i j t C'- '1 ~ • "'l:~r nur L•dC , • -1' ov c .r.n c .... 1 _ 1u _ n :.. 

Jlq Gl1e iruri( .r l ( cr cv ic inn t o i ., _: i _ Ol' 

• · - - f 1,.., --~ 71L } .(> th h ~ ... ·escr-· cc , ___ .:; > p .. ~ :Jcn-:<' o.l. er:e 11S RV .1. cycl :.ne 

~ cc . ( 1 . . -· ·t 

ir 

.·1HtCc· :_ . bizoc hx•or~l eyes !1:-·~..~ o f aci al En.:..v. l~f' _.. ao .''"lally 



375 
1"la t ~.-ndcncy t · 

cxtrc. 

oa.ini -- 1ng to Itemlic.. (lJJ 

... elo ( 1 .\ , .. 1?). 

v,_.n . ~t. 1 th U£(1 cyen · r 

:JC ,,c '"'i l 

.. .. -

·nd ;-e:· ·t .v.:~u.·c& n1·e u .. ::. lly :..~ .. cnt !:..ut .·or lon~ ~ i e 

ll7·· r.~t.:. • o~o (1_.~-'' _. 247). 1 l. c 

._yr_o &p:pear· t u ,erlved frcr.l t}.e c· .. l"t;~.<\. 

. ycc c 

. . liCb 

h .ve _ is 

'bl inc 

e. me < ··;,·,'E: n.a · a tev~er1 in Tri:mcleiuae • 

. :. tr1 t; blind · y )C:O h: VL bc,;n ceccn l"i _ :.,-

I t...V 1y d 
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evolVct. t c,vcral dl rferent timee. It Bt1en•.t 1 ~ .r .. -y that 
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£onrpou~u_CU$!S . 

~ t ornl pnlred com.r;ound eycc, appal·ertli· re~_embling 
• 

. b:~e.. c • .. '(~due·~ Lon seeonun:·y. They lie c.:n. t nt .:J..->,,;~ 

_':lc;J are joined to the.. el abella U.y " -n l-~ ... c-.-l. :, 

ornam<:rt tion. The eyes Vt ry in convexit y rt U[_. LY i n 

may be c. vated on an unjointed str.lk. The ett ll: · ):_,. ··.!.' 

tc h \ c J en i mmovable r;nd volved Rt di!:':r,·reht t lr: o i!l 

' ifft rc:".. .1. c.r!ne. The r t· is no real evidence · ..~.."' it 

morphrJ., ,~1 · &l homology ···ith tbe ...,tr'llk of the e~~, r; o .• ' c· .1e 

It chows nc. indicnt icno of' ap ){'111 :i.Cl'.. 1. .. 

or i gin. 

in thcil . ;~/.Vcxity nnd nu: ,b ... au is .found i n t:l (.!C.l G':.l 1d 

cyea ·· o - 1 'r .Arthropodo. l'hus Lhey vary ir,. n· ... b ::.., 

rtln~c. c . , t~1t: biconvex 1'cr::1 i s a ; eoci ated ' ~~~ a 

:Jc,;wr t::.c . o: t.h-_ eye uni ..,; t.ccompnnyi ng a dt.n•, .c l:l the 

nur.1b 1 ~· ~ ,nponent uni L c • 

c:losel~.· • .roximated len.een n.t' hexoeon8l end O(lp, .r: .ted 

lence. . . .s.:•c n. <J. ly cii•culnr in outline. The ccr r ted 
I 

biccevc~ ci:-cular lenses of the reduced . schizo ·hp· ,~. cyou 

/ appc ·1 .. 
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n Ih..: r t _ cf l(tter orir:in tht>n the mol'e fl ~· . t . -~c d, 

T o cephalic segmentrtlon ie. mer· prir li ·.v~..; i ri. 

'.i'l"ilcL! ~ . thnn in any extunt ·.rthropods. ii.' c ... :..· ce;:; 

oi.' tb ic . ec ~'~ntat! on ar·e app•·rent in the gl 'Jell ·.:; -:: hi.\!h 

the EYC · onnected by tl1e eye lin~ , one tnit):t to 

:!_)OC it !.on o.~ tho eye . 

· to rcprcr-e71. ~ t h leurn.e of nn v 1 l . ').t • 

e iLct 

10X'.JhClO£i~ ~..1 V t luc Gf' tht::. l"o.c i :-<1 • '1.." l ".i.'t ' : ... <. 

. • t1 t lj(> pi'l'•e i sc }l ~it ion c..i ' the ey ~: t~ e ·.~ ve c 

U l t ·:~t ion of I · llCdd cf' .i'r i lobitc£! ~ cnc . l l. ..;... ... J n tc.:.·: 

Q~ UJ;,. 

.1.. 1 ...... :o-called tteitll.:_ Je' eycn consist cf ~~G d .l' 11 

tubel'<'l"_: . (X!curring on the tT ID~l areas. TL L. vi •. u nl 

__;_, n ::- t .L _: ~~ · o. •. sumed from t h c il., '-'ositi.on and lc:n.~~l ~t~l r 

T"ney are conn:u...,n t i Vely rare and r( . tr l · vC<l 1n 

t i11e t :·so , r· ovician, Devonian t:.: nd ,)iluri!.P-~. 1) ·.- ·: n nd 

in OC(:· • ·c·:..c·c to sene mEI'r>'lb l:r< f the Trinu. , cic:,c --.a to 

the H· r:::d. i.d C • 1'he h · t'l loc:s· the aim ... l c v.u c -. ·"'".i"~d 
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r:n~· rt.: t·cn to the eye li:.c 11d tl1cil• mutuoJ.l~r ::.lu: i.vo 

vic• i· 1~ ::."'~ u _,.held thr t t1k Pel: t•.on of the • c1. 1 1~ 

l t l -= 'i..(}':,f!- ted thGt the u.ln :·ephnlic sutul·t: L.. ·}_•;.: it.,.. 
• 

::'or nr i L1.~~identul to the exigencies of mou1ti.tlL> rile!'l. 

•ell developed tilt o Uttu•e is fact o. ; .hen t:1c 

n :...J: compounJ. eyer ond ... , cinl eut ::rc:- ln J:oP: !n 

t he s1r 1 

hhE l(('"l .. ; t.1c ·· roducti (n Cl a ch izoebronl J:rr' . hi;lo 1L•o 1 

f!yee. 

lfr.. r'e t~ ,:eccnert::t i on J:o n;·CG net o·:clli but o 

.;on,ie c tu:P 1 in thA abser~cc 1 :f" intr:r·:nal evidence. '&c 

.... c0!1tpcuna ey-e, in re jt:cted. 

eyer: r ' 1 te ond iscl teU. o. t· ~ rrence an.( u.~.J. i1. J.~" (~o 

:t:·./' .LV tlons 

· . ;."tr .:.'~1edi vte bet·.c.cn thcuJ and com_.cun 

/moreover 
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:noreovo:-- ·) ·ent in the: ontogeny cf the earliof t Trtlo1J1 ... oe 

tnd i n ~- tacea. Tbe cevelop;nent 1n Oal:zmeng_ - ~ 1 te 

:"or-.:1 tr J flhably except ten~ 1 and not an in~ i c .t: on o:r the 

phylc£ n t 1 aequence. Thue the s it'fl.::.;le eyee ai'e r e · .·dcd 

ae t'or<G d · >y the separation an .. l't-duction of' the uni ~~ of 

a cot~::;otUl\1 es-e and not an eyea of a separate ty_ e. Thin 

brintc tl· into line with the conu1 t ion in Grunt a c _ oo 

thnt tlH '! do not have to be regard d as a unique ro 1 t1on .. 

~r:P . .i. -~~~...£!. eyes in Trilob i tea. 

l'!t'no nr>I iest f'oss11 :~rthropoda are Trilc1,1.tco a·1d 

Gru tacc .. i'! 1 t te f'1•om t"i1 oc and their anceutor · th t 

the r .:..11ing · rthropoL:t: r:a•G ul . imr4 tely ~ ... erivcd • .~.rilobltes 

than to any r·. the l uter J\rthroro D tho 

'C(Il on .. co tol' L'1ore p~·imi lve thnn any kno .n .4..·' t L..:n or 

l'rilcL~ t Since tlle .. : pom1d eyes in thete 

o.f int 

i t a ">b ble thHt the om 1on anC'estor ·rs eye. • 

the e< xl ... ·ot kno:m. Trilobites so 1e were blind, oc:.1e eyed . 

:Beecl~er .d .001e of the other earlier authoz· cc:notdered 

that t11n 1n1t1ve con~:-t tion 1n Trilobitt"a s thnt· 1..,£ 

blin{.nt e. '.t"'h is makes it n, cem:ary to auppcse t,it"L. r that 

the eye£: ln Tr ·lobites and Cructa.·en underwf'nt n C'.:--vcrgent 

evolui. · .i1 o · .hat the Cruata .·ea Wel"e del"' Ivcd frr . 

relati y late part c .. the 'l'r ilobitc- stock rt !' l't lwd. 

I" ., 
• ~1..: 
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aoqu1red cy.e . Some th ·orct ical and anatomi c 1 1~r1e~lties 

inherent in ~eecber'a view are pointed out, and the ViE~ is 

here odo·)tcd th~t the primitive Trtlobi tes 1-~e 1"1"blcd t.1c 

l.eeoru;c1 te in tbe poesesslon of a f'airly well a.cvelo d 

,. ompou_ ... ye associated, a ... 1n o h .r :pri aitive 11 f;lr·o_ o :o , 

with f.' r. !'~lnnl moultine line . J\ll the eyolc:::o fo mn C!l-.C 

..... robc.bl y :lt.con<~ary , degenel•.-ttion o:r the e~re htv-l.nt: cc.(>~t:.')red 

no1 .. e thon once, nnu hav i.nH led t ( th<.. pl~oducticn cf n:tn. lo 

eyeo il . .!. l"'!.)ed. idae and Tr:i.nttcle;L.ne nn.__. to t11 f I" i lo:"l of 

v u:y ~ ~ 1 . econerate . ~or:,r<~u.r.:.tl t:yeo in some .~. hu~o:pj, Gt rmd. 

in S<-r-. u C3 1..0 COOlt-lete lJlinl.llCOCS• If the :.-J.r..itiVO 

2rilow :~ ... t. .. 1 ... e eyed~ as t~1c proiu1 t tve Cz•ust ult"lO· t 

certa:In_;,- , :!r~:, 1 t ia clenr th"'t th~ CO!.tpounC t ~-e w -:a n 

:Ceatul~( o ... ·the earliest J\rthrO.:."'•...:. ·atock. 'I'h l i o then 

no r ear on to nuppoee tha t the t;Volut icn of t h i s creun in 

Trilc-:.)i.tri., tnd Grustat~ea was convE:rgent. 



fa:r;l;. ,1!, •. 

Oonqlusi~na -trilobites. 

I • Occurrence 1 ..!,m..e Bnn 'bn~1q pat'\em • 

13ther .. simple " or " coupound " are 

present. (The view ie hero adopted 'that thoae two types 

nre honologoua ) • ucom,pound .. eyes P..rP. tUP1ca.l.ly and 

pr1r1tively found • baence of th!"! eyea 1s necondary , 

whether sporadic or crutr,.oter1st1c o! :'in entire !Mr1ly. 

Reduction to a smnll number of orillln.tidia ma.y occur 

ae in the achizocbrsaJ. eyeG , LattJral ocelli <lo not ooouz 

1( tba view ia aaopted th&t the "silltple 11 eyea ar ... the 

reduc:ed remnants of a "cmapound 11 eye and presuan.bly 

ocl'!lntiu1al. In view of the absence of lateral ocellar 

a~gregatitJns in OrustacM \the A.rthro ,ode mo t nearly 

rel?ted to th~ Trilobite& ), the l~teral "compound " eyes 

of Trilobites are generally ansumed to have been ot 

the true • compound , ommat1dial ~ype. 

The in~ernal ~natomy haa not b~en preserved so that 

11~tle ia known of the oompar~tive anatomy of these 

eyes . AR far as th~ lenses are conoerned. the rnnge 

of vpriat1on in nuaber anlt form iR ;:;inlila.r to that in 

Cruetaeea. The typically hexagonal <ocoat sionally 

squ;-,re or r~b1o ) for·d of the lensev \ hicb may be 

e1 ther plano- or slightlY' bi-Qonve:.t in tom r.nd 

arrnnged in regular, al~ernatin~ , vertical rows 

I the 

' 
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(ih~ condi~ion in holoobronl eyes ) 1a closely p~ralleled 

in m~ny Cruataoe~a ey~s • Tn~ large , acparate , 

c1rct•1Ar, highly bi-convex lenses of sobi-soohra~tl eyea 

. reseMble tho e o! the negeneratint eyea of' C:ruatJtcen. 

Pris a tic eyes w1 th thei.r a onth , outer cuticle ;md 

i~ner convex , lenticular prolongati.ons,to EJO e oxt.,nt 

rese ible the lenses in .1..1mulua • although th~ lens a 

re ucb lea Qistinctly sep r t~d and exaggeratedly 

pe -like ththl in the latter case. 

3 . Bt~bilit.y f)r.n evol uti on_of th~ ex~ , 
The relatively stable lens pattern ana. "tb. wall developed 

foT.m of the eye 1n som~ of the e~rliest known speo1ea 
I 

together with the ab ence of any sign of evolution of 

the eye within tho Lrilobites, indicate that t i w a 

, feature :: lready ell- develop ,d in pre-Caaabrian forC118 . 

4 . V~riB~ion of the eye in relatioa 1o pf!Ilogeny. 

uuch Tari~~tt ion in the a:1 s~ructure s 1s kno n~ is rel.fed 

to tlle general phylogeny of th~ r .iliea . 'lhus the 

schisochroal eyns re restr ated to th~ lnt~ and in m~v 

ay odi!ied Phaoopids.e. wnil th~ "e1t:tnle " l!yes are 

restricted to a !cnt othcrttiee 11early relate1i forms . 

~PcgenexatioaQt tOP. eye . 

• iMpl~ w eyes ·ppear only in ~r1nucle1dae nnd HBr~ediaae. 

The cnfference i n relation of the .. coapcund 11 'lnd,.ai plett 

eyes to the fnci~l suture 1 not here#conBider&d to 

prejudice the homology o! these structures. 
/It'act•l 



(~acial ~nd ~arginal sutures , th~ latter the more 

primitive , ~l'e bere regarded a.s moulting lines o! no 

grea.t mor,.>hologioRl s i.inifioanoe ana aubject to adaptive 

changes } • !be 11 a1raple '' eyes ~.r~~ c}onBid~r~d to ·o~ 
eye 

produced !rom a., oompoundtt J\ of 'th!"! ty~ e uf fi.'ll"Q"e mac to-

sepJJ .lua and Orometonua, th~ degen~r~tion taking a 

course parallel to tnat producing the schizochroal eyes 

but carried to gran.ter len.~ths. Th$re ln no extant 

evtuence that tbe unita of degenerate eyes gave rise 

to acelli . In the abee;,ce of precedent in any k:novm 

Crustacean form for such & course, it can o~y he 

asr,umeu tha t tbe "simple u eyes and schizoobroRl eye 

uniyiJ reraained o:m n.tid 1al in form • 

6. Possibility of the o~1~1n_~f co~o'~~es from ooeli 

T.~e:re is no clenr indication in ana.torny or ontogeny 

: (with tn~ posaible but ver'l doubtful exception, .. ~ 

development in .Q.albene J that th·~+~compound" eyes 

/. 1 were formed froru ~ ainglo ocellus or feom a group of 
/j 
'• I oce f , 11 . 

. I "'' 

f 

1 4:iG..en~A_al relat ionphi;pl • 
/ ./ 

• 1Ttie probable absence of primitively blind forma allows 

I 

I 

•' 

' \ 

: I\ 

~he Crustacean nnd Trilobitnn compound eye to be 

derived from that. of a common pre -Va.rnbriR.n ancesto:r. 

l or to be derived fro'J one Mnother•s) without the 
I' 

~eceasity of sup,~oaint the separate anc parallel evolution 

·qf the co~pound eye in these forms . 



e!-.~t I . Tt.e oompn.r~t1 v :~ !~natomz. of t!1t) .la t . r~;; ~>les 
of ~u:ry;pt~:rida • 

To~.Jt:Jer ;·;1t h eo:-:c ':r1lobitee and Cruet ~c 

GAmbz_ n ~1 G - (sec von .ittel, 1937, PI\• 72!:..-IJ2). ·;.'hey 

app , r t ~1·;ve originated in tl1c 't1J.d le Cs· :br1on nL- t~ have 

J.1t>re i.t:tcd unt ·1 the Permian age - see '7ooda (1~23, .. • 283) 

and V<:L ittel {1937, ,.'P• 77G, 778• 795) • 

ugh n fe of he e rli r authorG 1 

..::ur~-t cri_ . \lith the r,ru Jtaceo, f or exa Tple P clr. rcl ( 18C , 

p . 5t )j, :Jlnue-3e dgew1ck (lB84, p .. 479) anz. r .. ·nr c· J l, 

. p . 41.): ~ they tn•e now by ecneral aereement rele:T tcc1 ·t ) the 

.r ~J:ni t! in a cordanee ·-;ith the evi dence brn.1..' l:t /' x· ·rd 

by L· m~i ( 189.5, P• 526), Kines ley ( lv9l+, .112~ , ·' ~·pcnter 

Of th ::.1• C7CO ia th<"ref'O:i'C of' intt..I'C8t in i ml1 L · · 1e 

c•.rli t -n n .~.·crra of t he eyea in ~•l'aehnid .... 

T"l cc.1st in \lhi d1 the t crm 1.urypt eri'- t 1· .:-c 

th . syetemrtlc pooition of the cr.iu . ccwerned 

They nr·c : ll'('ed in the st•.b- · oo u_~odtomata 

.0anr; ( .. , .... Gieantostrac r., Lnt.;kcl; Delobranctl tn, ·'h:::~ ter). 

( fh rc 10 .ra chnidn Rre divt .. ed into the eubcl oes 

.uroc1:~.! .1nd Fant po~.t\, th l'<..rostomata c orwtitutc :1ly a 

The !eroetomat a co.'lpr1se the c z·( I ·. ..if• t-oura 

(the i'Vi~" ~ and fcns11 cpec1es o.r i irnulus) ·m.. .ur;.,""' tct'ida 

( f'oe 1:!. i' orma. ) The term Euryptcrida ir. 11€rc 'l.iiJcd 1 the 

'.idE· ~ se as employed b · 'ood.s ( 1923, ;; ~ 2L2) 

/ tnt•ll!. eo 
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incll:. c~· vo .. 1 i'.ittel's ord€-·c (1937, .:.>P· 776 , 770, 7~,.:;) 

J.
11le curilpace of Eurypterida bears two act-a c~ c;;oa 

- the 1 l"[e, lateral "ccmpounu" eyes and the i:cdinn cyuJ 

or ''ocelli• .. MJ in the case or the eyes cf' the T.rilo1)ites 

only tic lonoes have remained. 

"ocell , ··• .re thc~fore uned without knowled.r:e r£ intcl"nal 

structP~ .. ~, but their use appears to be just if'i.ed 1.ly the 

c tmilf':··i_ty ct the pres rved. lenses t..:: thee of tLe cyc~.J of 

relotc c"~ ; n:-·tnnt :rorrns with true ,lateral , compovnd 

ocell: ·. ;yeo .. 

The C c nound eyes • ...,__..__ ~ -·--

!ld : ~otlinn 

:...:.reo aro absent in only a J. e·t CA.ses, -'ll' oxt· lc 

!....~ccnln.Q.illl- see von ;:tttel (1937, ~.1 . 777} . ..::1L lo"lo 

is cl 1.ly •• ccondnry unc P p· ... rn .. -1c and not n J.>ln:l t.!:"c 

......... t.:t1::.o. 

::::10 whole the eyeo ·re rela tively lri .. £c n ·.·ell 

·cvcl( ... a, except in none etsrottic !'orms, ~c1. c:~ 

1!t;ylo:u ... t.... .• e~c_elaior - sco CJlarke nd Ruedcr U."1~.. ( ~:..::,.12, 

P • Z..S: - ·114ere, ne in many ether gigant-~c lc,rr-.: , t~le 

lle\Telo~. lLnt o1~ the eye did not keep pace w itl lihc . ;LC:'!:'onse 

in eiz<' ,,~,' tha rest of the body. From tlJ~ nttm(: OUG 

menaw. f" ""':t.to given ~ Clni'kc an·· Rucdemann ii.; r; i ·ll1 soOGl 

thr.t t~10 eye never degenerated in oize to nny cvnn"!c1ct•'lolo 

cxt.ent, "'El it hne d•ne in some Crustacea, In£cct:-- ~nd 

Trtlcbi:_, : • lTcthing compr.rable wi t11 the nchlzocJL•on1 or 

the uo ·.r •. Jlc'• latcrt:'ll eyo:;:; in Trilobites 1luc been :Jl·cJuced 

tlhcre t:hc cy~ is f'acetted. - nee bclm:r -

/thc:.:c 

r 
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the1 c - -}c u.~!J to be no ln~.icnt 1 on of a se1)a.ret lon o:: the 

li'nccte, 

wbcl'<. :p.:> ncnt, are rel~l.tivcl~r closeJ....v crowac..a - c~o Cl u:kc 

There i~, r::o::c o'V\. :·, _lo 

evia · cc o it :1 r 1n the ontogeny or compnrat t vc ...... · to JY of: 

the Et .,' )t~r1t1 cyos to indicate that the eye i ln .:he 

~ourrc r rorm~t 1on. It S l f"i 10 a stable atrrct~.li'C. 

Gl on...: Rucdemann. (1912, DP • 35-37) llnvc otniied 

out 1]· I. 
t.. ':he l n.teral paired yet~ fnll in the .· ·}. i1 ·.nto 

t 0 l ,_QQD ' a f f c rinr hi llly in posit ion net ~· !l 'ho 

prcecrr. Ol., al)oence cr .~" ~ccts. .lhe .:.'trst tn:-e o. Y"' in 

er CC{ ... t ~ t, 01~ ron if' ort<1 , ap 1er-rs c.. 10oth and ill'.£ .... t • C (.".. nd 

te be.. '1 on ' m.o_>e C•.t• l eas elovnt~d · oculnr lollC o;.· ~·:tch 

it nt.... ~ ly o.-<~upies 1.-nly t~1e out. r _1ort ion. 

~ 1·. dorsal Ptu .. f' c c t'' the head ac- .. (' di t ·?1 c ln 

a __ L!f!., ~c.;etmo~t~. ~z.lon..:gr~ aric'! . o .o1iJ1;t 

•'1i<.h io the errlieat known .ror1.1· '?: , · eye~.> i·1 

. . 1 i 1 •lt't ~ 1 t t• . ' .lc ' t ... ynx .... p C~·.t-.. a ~ nL 1 mu n1~v · L,o oe one c n c .. ..-e 

typ - ...... vo, Zi ttE.:~l (1937, ~:P · 77G, 79.5) · 

ncec 

. '37) the outline if! !'OUJhly eer.liCil· 1'l 

eye v C'l.Lii.oo the the le of ~ ~ore Ol"' leas el<·v t d \"leul• .1 

r~c;. < c1 v.~j."' cntc t he 1...: rc:c> r-tdc . 

,h. ld.c'.i1 



· .. hict ~, hor.rever, Jarg1n..1lly _lnced. as in t :.C'" 

oe-cc..~.c :,y c. 

1nt 1 ecl.i . ... e between the t wo ty4 ta oince t he ·yc, 

c.ltb r, i '1cetted on tl{c insidet is .._; laced C( .. e 1·-:::.Jlo 

u 1st1 : ' .... r ·!?I th-:- morgin - (I . c. PP • 35- 36). 

ill oho n b;.· t h u.-:fm .. ,l ec ei vcn by t 1 :. ~::.{.; 

( 191?, r;p. 1e.3, 295) the eye vcu•i(i.; in. 

n VC' .. ~· 

i rt c1ev :..o~.l on a lobe tht•x·e is no 1ndicnt -:.. · n c :' t.}C 

(kvelo . nt of an eye atollc. 

lobe -- o t.l)~ 1•elnt ion of the eye to thio v nrlc"".. .:-: 

.yeo mi\Y" ~.·over the wlw:.~.c 

no6( 

In th 

~Y 1o uoupll?" ell1pt icnl o1• cir·~ul : J.r: 

share i n .. he l att ::· r nL or- or creacenth:. i"'i c 

eye ~· t :u~ "'"'V, l1o-.;ever a at:nt... oth r .L'orms. 

"'": .~ l"ia the lobe :1aa the form or o acctcJ:' 

rc·m··f:' -..-~tol.e 'llll: ru.c:ul~ ... • lncide, the eye t 

ln h being res t rict .::d t ...: \l crescer~t ···!~ '}CC.:. 

bm u. ( ¥. .b outel:' aide. ll'l _gg~-~..ill! the· eye :Lobcn 

"!'e '> i?C-d nnd the v ln:Jn l eUl,i'oce creoc·el'tl . 

In Dl 11 ' "J ').;1 rua rancrochi~us t:.1e iobe ls ovnJ.. ln _.,... ___ --- . ..... ...._ __ .....,. - . _..._ . 

ex- £(.' yo sultbce. 

t he t. u . vcrtops the vicual ouri'ace tc i'r n: t: 

l't 
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bulgi;!C ·l.dgc above it. { ..!.1 o-~. tht. exom_l .c r 1 vc .l.~ 

,, .;:- ph Ol.'C. CI'n"-'n .:r oo the a ccount i 1' Cl x·l':.O 

100 \.: ·-..nn ( 1~12, p . 1 ,.-b, 254. 275 >) 
'.~tK~ ;.at :10I'8 ment ion U £\DOVe point cut { _-:. :i.2.:.;- ll7) 

'Ul nr nodes nn vis ual Preo.e are rc:l t vcly 

1 l'C l· . 1'.. '··~le y cu..:1g tll c l1 1n t he nd.ults 80 iG ,. : ... 0 t:lC 

co.t: c ., t ·~ cyca nnd eye r·idge .... in Limulua--- Tll·· 0 10 

corrcJ. , d · 'l th a eencral tendency both in tL · 1 onimnlo 

n ~ K lal"VAl otareo ( J. or cxa..nvl t the zcc 1 'l v c 

nJ 1 '} .s nt agea in Or1 tncen) to t.. relr t 1.v 1·r 1 !. t;o 

1eveJ o . ..t o~ the eye . 

.nd t~o elooe1 .. r t •·· ' he conditions ~l:lt ·--•. ;.n(! 111 

J.'rilc .. :_ t _ u,~yelin •r in .ur:n:>t l~i" r"' nor hna ·~ 'IlC . y~ 

.1. ixe 1 ion to f': Cif 1 :...utu1· • It h ,.. 
" 1l Q ~ .u.: [! ,..ted 

by , --u 4.·1~ \.13:;.3, . . - '-" 2 ' 
:;) '· I t~l I· ... the ~ree chee' c !: ..... c 

.:..'rilo'o ·. o c o .. ·.rcc.pond ~,, - 1e intur?J.cd ~.nrt i 1\ .. '\ ... 
~ - . 

})C C<.. 

, "" ~ v the mal .. t:1.n o: .' the ('nl•n.t'ace in 

Ii' tl th case, ·~he lnt~~rul com:;otmd ~\,; ... ~n 

nt!. ,.uryptor·il'1 · oul..: lie on ui. " 

of t :. .c l -.~'t1 ield. Hie ... c..co not seen t <; h vc 

r ecc · V fX Furthel .. , from a consic..w. t .1.0.1 the 

impo: ~ .~C o!' tht- ~ac1 'll OUtU!'e ln t11e hef'd ~orvhclog;y -

oee _ .!>,~- it would sec!'il. that n < if'f. ·r ePce 1n 1e )O', ·. t i on 

o:C t h :r -:. tn t•to different 0 1'1"1B in. relati.Ol}. to H t 4!1l 
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hCI C. dorsal tr c r ot o ~ J. 
. • _t. 

't icr_ • l""• '1 -. . . .) " the eye 

oegmento.l _.or. tion. 

i ut;j t • --
"'">reb c. t i:1 .~yptel>ida, h :ve be-en tl.eacrtbed !'or < ·.n:: .ple 

- ac~ v~n · ~ttel (1937, 782-7vJ} nu 

t h i . k~nf'U. r· t~ r th 

( 01.. ... 

· . 
• ..;!-..JJ • 

.:'en t_ , l ,.:h 1"' net 1 c t• 1 1~:. 7rilobl tt". e in 

CCL i'eacc a . .~.a • bra ··e:c, 

' ti1c natw. .. 

d ( - Cl•) .u.: emnnn ..t.:) •-. .}).• 

ntut r: Ol.' l"'CL1r.rvot ion. lr. ViC 1 or th1B tht.. ~;c:~ lt ion 

iG t. , .... ~ .S mtalondi ·;g DG nn ind icr.t ion of' t:!!" .... ; iC _cc 

/ol"t\Rbsence 
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rbC(T ·ccto in tL ..., G:?Oc1cc. Th ea <.: c . t1.:.. t : ;:"" : ... 

in tiJ~ r.Cl:v .. :_ uilY1U£: fie;urc. I . .., .1. • 

. t ,_,f tbia 1G _ :i. .. t:. Jcntcd~ as in ct .. .. ..L ~u 

11, 

out<!.~ t . .~t h been re !lOVed find t~1e inner arJ:of 

CUlt". 

vioiblo. cct ton thr ur:n on ,.ye 1:1 such at to o: 

i a r:::so"'n in 111 

...... .:: ... entil".£ n cvrt of tl1f' ce;n ~ition 

in lll.. 

..lt,l· l ' ... -; i. l!ll l?'tri' .ce tll-·ca, :1 1hic:1 un·. erlyJ. ... i u ti' 

tru· ... • l.3 j • ~ frintly :DD· l'Cn.~ • : r em r o_,~. ~ .. . : . 
of .... Vl C:lCC affcrtleG. by th ~c five str:t~..< ./': 

"'~ J. 

ntic t,l t J.~lU£..9_~ roc~ cas~ c • 4--
J.uj 

G c ... ll .. ly thick~ out .:. .. "'Ol"nca , and bel . .. t \ I) . ... 

r·yo t .<.:.J.!.H~E, ,;h icl. 1•c 2_)(tp 111 ~y :•rCl\ l "·. 0 ./ ... J 

its l. .. . l c .. ~h-. tlJ L ! 'U mU. f o .rtb ~t: . . ) . :.·v-... .... - .... 

u-.; .i..o •. r prca.r tc. b. 1.H .. .3 t axpl J ineC.::. by ( c'D' t 1 
. ,. 
"' 

cor. 

d h ac: been re lOVe c. tog0tb. r bei'o:: · . .. 

Th ·llC ~ iJ.~-H>l.~.~ ex]iloin the i'ifth state fl O du.c . 1·, 
"--

~illi u:_ or thr> cnvit12.J ~c :.,01\~d ',-;rith t:'JU be.:>):.• _: 
I I 

.. 'fJ J 

;;._., t l., • "-~ ""Ve .c> :lt t "' .,..n ~, • 1 ,.. , v.:. .:t.e u •e ;:; ~< "<:; \;;.:J 0.:.. ;:._._£~0 lk ..... '-'- :).~Gu 

ti1. t 

I ~he 



1 

1 

ll 

ill 

N 

v 

( 1 kml fr--\.) a~, r ~ an u 

, 'Bt~ l • 

t t v .. 

c 19 

\ 

oth · · &tt. n 1tl 

1r.. 
d 

1n o·t ... t nd 
lo• plr.1lltte 

ion n .n tn 

To l' 'l~n . ., t~ n th a 
}n'i i,,,u~ ~~- I~\ 1;nr, ... a 

and attached lenses. 



(\ltJ; 1.;£: nc 

but Gl, ·. ·e "'1d Ruedemnnn (1912 , PP• 41-42) r~oi .. t o·Jt 

thnt ·n 

corn.c,... 1n ~l.~ectus) i'1t'Y h o.ve been :n"'eeent _ .. celled 

orne~,_ a ncl lost 'i.n :rosailin 1tlon. 

e uC'h Jcr('ea o~e kno neither in living or f:r:.r;J il .. . --:·.~ t'J 

,}ic .uryptr ~ id ' :,h i L iO unlikely. lt ·m t-

:tv 1 ... ~e:.o ~ay bnvc ·~.::en c.nttrely absent i~ VC:'JY 

Gon.c ~ .ta.:ca - oee • raJ - i· s c .._ n ... itioL , :1 .o[our ·i; . 

Cl ~·1. 

. {1Sl2, !>• 42) emu~. t tnt t it is ._<j£i:...r:>lc 

thtr' 

·1ed. f'rJooth ccrncr. , n s riC'S of' i ntx·a c 

len (:1; c , ,':J..C·ablc ; l th t l ~~ c::..·yGtt l11nc con(" c:t t:1c 

In cos in lih ich th f o.t•cto are :;rer-c tt, no 

ev-ia{; c r o _. tih~ir exact oize o~· nu "lb c r is cvr-til · l ·• 

Frc1 \: · ..i' f' .. ·.t.n t.o in V(n Zittel (1937) m1· t1tc . ':c : tte:1.t 

tht' :::tn ·_; :~:.." ~ty cf these : t.~.ill .. i ' 
~-~ --.. -

/ to 
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to tho co .. ditions in tl1c e··ea of Xiph t.nura. Zlc 

patt< r . 1? the .nrl·ttngement f the lens as appca.vo tr..~ be 

ae in o :w .. · l'o:npound eyee - in re*ular, alter~·~~ :.1'--:· 
1 

vert · c l :t.•orla . 

Jh thor the primitive ,cuiticn or the ey a i 

lntci t l .. • ua.rgin 1 1e ur~cevtc.in. Clarke tl!l h.tt , .. c· "'nn 

• 1, ) ccnsi de... t~1 t th ~ntogent ic evi f!·lCC 1 

in 

In tl - U."lG r",f those f'c . , whicb in the d· l t ht\V 

Thit ·· (Lc.o th cnse in t'he y .l.mt,_ cf . 1,--:_~. :L'ho 

eyes :,·l-.. nrlies t :t. .. orm - the 'Al 'lbrian 3t~~ botm - lie 

in a 

of' t J , __ v 1 eyea of oth r for a. Clar'ke llnd .. cd en.n 

JU.·J:'O c t·l t the epprox '.r.t t ton o~ the eye'.s to t• e pJ.•[Jin 

in e clineenet1e; £cature, vllich pr•ob· bly ; · i.rt tJ an 

nncee "'or th yec in thiO .ca tt on. 

tbiB 1 

end tJ 

·. · in w 1lcb t he~· ::-ccu.r, re placed h.:.·. u tho 

he a '··-' uoe in buu:o ing, in w1. ~ch hobit 1 

. lJt. uaeleSth (. .... 1~, 

}P• 7·· -9) ·mve :pointed · ut that, although no 

UI''Y. t 

ooCe to the e:xclue2.cn of 11 cthero, ·t ia 

/g! .ne .. :u.llyo 



gcne1euly true, th t those with eyes en or ne. ::..~ ti·c 

eyes 

urY' t 

thea~ 

oi' Ial~ 

r<..: era:..vlero c-r s r irmn<;l'S, wh .i.le thn. 

nd t:w r el "ivnohi .. fJ ~...·!' thei.r: ·' . v t. 

It L.. cbvi ,; :......., :Ero...:1 the ~..,. ve I ..... tic 

gr cu ,"" - -~ 1 . .urypterida _ tai.l•l ~nc ? tyerygot ;.u c, ;,.11. 

· .i'er-en-.:es 1n th poe it ion o1. tnc cyen nnd ln 

~be 1•c c:tce or absence ci' fn-.:ct._ · 

co ... ·rcl .ted 1ith ot'hor f nturec:. These di.:.~1\. _. r.:.eec 

mny 1 

urs. ·· 

thete 

uc to the u.eri Vt t ion 0.1.' the ·c o t r c u: . ro 

t·l . definition (f' t1J~ 11t: in ~m"y;,tcl'.kd o c .. ·: . 

. ·:nc. t among thoec •r1w , lt;.:;.t. :J.J l·nn .~-d ( ~C:..- 1 • ) . 

l').H anceutrul . ·oJ.uG ·~rilobites c.n La t ;,; · 

·u' · .. v ·. _ <l wi ·,h l'occ t;tc(i. ..:o .. 1po:JJ:d eyes , wllilC' . · .... r.:.~ 

E ~.J avthora inclu ... :.r~ Lauric ( 1893, • 5~)7 1 , 

/Gar}.J .. .~,·;;e_ 



Cal'Pn .. r {1903, P• ;48, 1906, ~··· 480), Rue 
395 

cnn (l)l(;, 

,·~ypterida sprane rrom the Trilobite toe:. 

Othct :"' ~ ~ o· ·evex·, such ns ·Spencer ( 1903, }'iP• 4S.I, 1+92) 1 

ale' Jt ('~1~, :. 732) n< ~~n Zitt~l {1937, _. 77~) 

cm;.}1 tl1 t this relottonsh1.) is a diet nt v 

~ ll den cnt frc 1 the ~rilobitc (or f.'~ , • ~,c 

tJ .• : ci the .) w.:;u _ 

, 

:{ dly in structure ti•c n thove ot u ... l 

one f th .'u ·:«1 the l'ath<.:ll 

- ol :mgationa ell. l•- ct ~-i rt- c vf t n l'llO l C . 

c l'C an tlPDl:'Ot ch tc thi::; i'Ol~ • 

.1c ard the co!.f: t io.l. in uch eyen VL11t1V 

than, 

tior t 

lat~- unknorm in thc.r:.t: two groupe. nl., o tlH~ 

-~ o thnt -.f' other .rthror;.ods, t: : .u.ut h · der ived 

h.v 

(an ·0 ;.y aluo in t1'o&e ·.ury_ te -ida w•th · c 1 ·· .... clo:Jed 

. ~ens t tl1c expense oJ' the o~nae cello .. 

/"'ne 



1~c relationships or the uni~ncetted e~ec in 

1'!1 rc .: o no 

renee:: t . su_·poa~ that au 11 en eye, ·, ith ita unth~. k !lWd 

corn( :. o ~- _1.<1 have bt.-cn n siD,elc eno1¥.1CU$ ccel:'.u ...... I JJ.~ Jo 

conclu • ·thrt it represento a precursor of tll .. · <:eutcd 

cyec o_ c lntod ~orms. It i :3 poooible, as ··:nl cott (1Jl( ; 

P• 7.:!·:~) h o pointed out, t .. lf,t ouch fo;:1t1B arc t: ~< G. ._..,ivocl 

f'rorl 

to Gruntacea~ m; • o1nte<.l out by vor .~.-tt 1 (1937 1 

.)e ~e:'!:•i v-::t ion o~ ·he f c<1tted-eyed ~.mly_rtm:•ida. 

fr-c~. Ui- . • 1 a otoci: {and the ecnsequcnt nece sity •.i: 

ee:parete origin of the Burypter!d . <.l.ttet1 

;;yc ~ _ cvolu ~ icn : n:t>allcl. to that vf Cruetn o.1 : 

r·e~c:v .; T. eup"}ort • 

...... ... 11~ :cn~ypterid~ · lth 'm:rr:c-etted eycc c.•e no-::; 

'b~ .r , . · :: :1 n., degener.ntt .crivativea of f.'t'ccttc·1 oyeo, 

-i::;e , ~: e eye as a wl1clc d l.d. .aot docreaae. 

hatcver the ex,_ct relationshi-ps cf! tb?. ,.ryptorida 

t- t : ~-:1 ~n,..est o!"s, 1 t 1.s cl.cer :rrc-.r, the o i' il ~ri ty in the 

en tl J a incl udtng l ltU' ie ( 1393, !"• 5 20), 

•. l. f? • ... _. :....w , 

{1, - ,. 
. J- ' ·12.3 1 and vor.. ~itt~l (1937 •• •772) , i:ve lWLtored 

;-··at 
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tl1 .t ---~ lulutJ iB not tc be dil"ectly derived ~:· ~:< .• J t!!e 

~ur:1 ..,;J::.'iua, moat have ad1itted. that thecf' hn.d a. :!t XlOn 

nncc· tur· either in the ',~.*rilobites or ?l. .. ctt:t1 .t:.(if).itf u or at 

the C,/' ..,.U ~he last SUf!,geet icn SOO'US likely. 

Ueitl1er the facetted nor tho unt'acettcJ C~/"t!H in 

Eur;,·. ,te:_tida appenr to bear any rela·t ion to tho ..... i 1:- j1 () ) lateral 

l ,. ,_ I. 

EnlC·l C.Y' .:tl muy have been 

f"nl"' · 1ent or "l rew cf 

abr:c .. :.cc ;)J: an:y i !lternal 

i."'tnY·!ed by the sepnr nti· •·~ ·-.t"L(\ 

the urdts of a ,~u:cy: tc~·icl b~·e. In the 

..... tructUJ."C in :C.U!ty .tc~:·ld··, J uci1 

~ . \ 



.G the ruryptel•ida (including Cymc1. i.~nm·· o.nd 

Lh ' 1: ~-u) &I'e the etJrliest known :~.rachntda, thelr cyee are 

or r · .~ inter~st - Pat red, lateral, ccm_ ound e~res m: , typically 

pl• EC"'n ·, 'ith th ir abcenc <J.t' rf!ductir.:n eecr·n d.< r-~r ~ The 

rel t 1 n tc the het:d Morr>hc.lop;r i e "1UC1~ 3t le::: t · pn in 

.. a·L ob !.t .... Thert~ 1B nc eyeltne nnd the e~r h·r- nv .'l:t(!d 

pr-e .. ~- ..... . t. , . pe~r to co1·rpc .. ond to the oculRl' ~: 1<1i: r; lr .:.J&nulua. 

( , t: _c :e.,\t~d rim nut·rotmtUnc !l.L"ld su:)port5r.r t: l e. 'O-~:ornen 

i u.:· ::JCl·1.lised i"'~~ tu~ oi' ec.rJc t•crms) • ;.}~C.-'0 ~ no ind1c-

atin l v the soe:·ne..-·1.tr-l :;oaition oi' the eye ::::.X'l.U n. · ·aaaon to 

• + 
~ .. .., it is otJwrt~t:le thnn hC>r.lol cr "\ll.l L"w lateral 

r:.c": .. c . t~ad, 1n 'hich en e they occu.>y tLe ;,~u· i;.•e ·rn!rfa.ce 

1. the outer surface ol' on ocular lu-oe ;,; .. : t1!e SI\MO 

ty __ e r·s th palpebral lobe in. '.Crilob1ta. 1ll1cl .. C a:.<.. exception­

al t~ cs an< acme caooa 1nte.t~tnt"diate bet err,~. c:1f'SO two. 

/...'he 
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?he 'ive stntes of prcserovat i rn tc be obseJ.."V\:d ii1. t :w 

)csec:.m ing a smooth , thick cc.rnen · .. 'ith ue.::1a:r . te , ~.:c_J{;:nw:mt, 

pnl•2.ll; ::y prclongat1cns, whlch , when se<.n I'l·· . :...u .... vc, throug~ 

t1'C co .... ' l<'a, lend tlJe o.p.)earWlce of i'sint r~ ct:t.; tt; -~ -le eye 

sur·.·~. c~ .tn nize and nu11bcr the lens e. - -·respond 

to tl ~.c 1..1' ~1mulun and in arrnnec-nent t~1t.~: a _ o.... to ~ol~res-

the reeular, al ternnt tnr. rcwc in ·:;· t.:: ._. 1 • uau. eyes 

the \--: ,)le of this or only n cl'\escentic ol :.. c~L oi• .l area or 

ite c.ute:: rturf"ace, with t.he mo,mt'{ cr lcoc c. L'91~ i . ~·lly over-

v ~ri t :_c,1 in the ccnVP-Xi ty ot { 'j'e snd lobe, :'.l·e c.;i_.,.e is never 

so E:·x·~c~erntedly e1evnted ~ e to be p l acad ;n .:-\ L tf~r: as in 

:H·!:C J.Tilobites, Crust r'lcea nnd Incectt!. f:· t ,:c1·r · c.:nts to 

tl1e !~n .t.ibili ty that tllc eyes in rtll :fer t!i c,:c :t...lccutrally­

t'la:t: hll\1 and 1t GeCI1\B 11.k~ly thr·t t n e I·OCit: i;. iO PC.l;>tive, 

do··· :tl ~Jyea be-in£ relsted ·tc !1 bUL'rrmi nf r. l li t. :..n ' Gt 

caae.n t)e eyes a l"e wc1l develc:' d snd a;t•c : ·cJn tiV'' lY small 

dC·GB n ~ tend to degen.el·ate 111t c. OC~lli G!' C; · i .tiO r~ .• un.atid-

po::: l i :.e . ~;;.de of format ion oi' the co-npot1nd c:tr:B · ._· t~1ose or 

otlH:~-· .•. thro_,_lode. Unless the . rthropod.s er-e t-:·eeteV. 1:tS 

pol~'!'i1;-;l ct ic, the Jt;uryptei.' ida muat be derived .. 1' )'-1 t :te 
/m..-, i., .. , ... l. . ..\. ( .. ., 

I .~J. -·- . u l# >:.> 
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Tril(·l>ites or Cruet~cea or tteil"' immediate n.nc0atora ... 

prir .it :i..vely prnaent in 1;urYIJterida., and dcr· ve<l P0tn those 

ci' .:J:>il:->bltes • Crustacea or t hoil' inmediate steel: .. !n the 

ccursc '..,.. evolution the .~.cnsea lnc.r•ea.sed in ni~c) ~1~, bably 

at the c~pensc of' th cen.oe cells and an (. .. :e l'CL :b.' . • g 

'l'he ~.-.:at u ... t.l( :ury.Jtc:r.ida may hcwe b~en oc._ . ti.~tti.( ~..y acrived 



Conclusio~.- SufYPterida • 

~. Occurrenc~ , type and basic pattern-L-

Lateral compound eyes are typically nnd primitively 

present• with their absence rare ;sporQdic aud seeonda~. 

~e eyes of !tery _·otidae~ with lenses :resembling those 

of Limulus+ are generally assumed to have been· int-ernally 

o-r the same type ns the latter • The eyes of' the F.est , . 
resembling the unfacetted eyes oT some of the ~o e~ 

Crustacea• are a.sumed to hnve been of the t~.ccopound , 
' 

omma tidial type. 

Lateral ocel~i-are absent • There is no tendency to the 

redueti~n in the size of' the eye and i·.he number of' ita 

lenses , (when these are marked out ) • Lhere is no~hing 

comparable "Vi th t he aehizochroa1 or 11Simple ~ eyes of 

Trilobites. 

2. Comparative anatomr 

As in Trilobites the internal structure has not been 

p~eserved , so that little is ·~wn of the comparative 

anatomy of these eyes • The lenses in TlteJ-ygot1dae resemble 

those of T.imulua in size, rnuriber , ~orm and a.!"rangement • 

rrney ha-ve the same smooth, out-er cornea, wi th separate, 

depende~tpeg-like lenses • iMparting a ~acetted appear-
, 

ance • (·~"'he prismatic S7<-B of Trilobites ntr!)roach thin 

condition ) . The smooth , un:t'acetted cornea over the 

entire 1ye in the reet or the Eutypte~ida resembles that 

in some lower Crustacea. 



. ~-"2 

• .lt BtabijitJ ar.~.d ev;olution or the eYe .... 

'!be :roelat1 ve atablli ty o-r th~ len~icula:r atractures in each 

or the two e7e types indicated above ~ and the ~Qct that 

the eye is well developed tn the earliest known £oms , 

tog~ther with the absence o~ any evidence to~ the e~ol­

ution o~ these fonns w1 thin th.e Eu.r:roterida;; indicate that 

both~· eye types 1te~ tell d(; fined in tr~ t.tncestors. 

4• Vari!!tinn_gf_the -eye in reln~ion to ~hzl.Qg!m,L. • 

'rh,e oceu~rence of> auoh variation as ir- known n thin the 

eye etruct11re is rela teu to the geneml phylo~ny • 

Thus the ?teryfYC)tidae v i th their· mo.~gina1 :facetted eye , 
roughly fJem1.eireular an<l «lver-1ng th(" tmm·1 t o:f' the ocullll' 

lobe ~ differ in these and t.nan.Y other respects Trom t11e 

Bucyptel"ida•• S,-nxtphoSlll"& and Lirr:ulana ith their 

do~so-latel'&l , unf'acetted eyes ,orescen.ti.C" or ren.:;ifortn 

in ?U.tl1ne and covering only Lhe o~tet- surf'nce o:' the 

ocular lobo • 

~· Det=~nemt&op. ot ~~.tl-§!L • 

Within th :urypte~ida degeneration of the eye into 

aeparete u.n1ts 1<· 'Unknown. Ir the oce ·11 or the Arnchnida 

were deri•ed rrom tbe separated units or an ancestral 

eye of the co-mpound tYr .. e , the~ is no t!'ace of this 

\f1 thin the JSur-ypt~-rida • 

6. Poseib111 ty cf the origin or the eompo md ~o ~om 

ogplli. 



l;.OJ • 
. \ . 

6 , Possibilllz_.o:f the OJ"igi.n o:f ~he comDO~d ffl fl"'m 

ocelli. 

~ere is no indication in ontogeny or anatomy that thtl 

' \ 
. \ 

\ 
\.~ 

late~al,compound eyes we~e f ormed from E.: single ocellus i ' 
~ ! 

or from a group of ocelli. 

i-general relationship§ , 

. ' 
' 

i ' 

It see/ ms that u tendency to the ~o~tion or a la~e~nl, 

ag£regate eye w'l.S inherited :rrom the- ancestors of tf,le \ 

Euryptel"ida • 7he lenses in the r:teeygotid branch ' 

diverged in fin~.!, from those in the rest of the ~.l~et-ida, 

increasing in size ( presumably , aa in Limu2us , at 

the expense of' the s ense cells } and assuming the 

Limul~form • The rema.ining Eurypterida { without' 

separate coP-neal leneea ) may have been de~tved ~rom a 

Crustacean stock with unfe.cetted eyes ,oP th!" 1r lena 

structut-e may have arclaen trom that of the - ter:-gotidae 

by degeneration • 

\ . 
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ARACHlfiDA. 

Introduction to the late·na1.._~_Q_f' Ara~hnida 

The Arachnida 8f" a mole are characterised 

by the ~oesession of' lateral ocelli • 7he occu~rence of 

"~rompound " or more strictly "pseudocompound " eyes 

in X1phosura , resembling the eyes of' aome of' the 

Eurypterida , 1e therefore of considerable interest. 

The 1'1 rat part of the chapter comprises 

a descri~tion of' the eyes of' Li~B$ polyPhemus Latr. 

There follows in the second part some discussion 

o~ the r-ela t ionr:hips between these and other i.rthropod 

eyeo • The third part eonsista ot the conclusions 

drawn from these observations as to t ~1e comparative 

anatomy , origin and ~elationships of' the eyes of 

Li.rmtlus • 



Part I. 

~ nn~cmr__cf the latcr~J. :•ccmpclm.q~el~O-.o~_-it_YlYQ. 

J29lii!Jlemus Latr. 

Grenacher {1879) appenrs to hrve been th .:trot to 

detKr.~.bo the anatomy o.f tbe . yes of J.imulus ~ 'l'l·in ----
de1.. cri tion is not nvailoblc but is stnted by !~ tP..l~coter f\ nd 

!ku!'!lt. ( 1883, P • 2Cl) to be in r, ccordance ~;·ith tl r' i~.' 

b een 0.:'crLbed by P!>.cknrd ( 108c, l;p . 212, 435, 9La}. Ile 
- --- --- -- - ua· _c- e~..;CCially ~i it'l'l the etl'Ul:tUr>e of the Cerna n(l the 

natr o c -2 the nerve eu ... '~Jly. Lankester And .ktu."!lc ( 1283, 

.~,,p. 2<.11-205, pls.x, Xl,Xll) gave a J.escri_t·~-n 

of thi .u~cci£s, to hie!: tatace's descri. ti (l 9 ' 
~p.} -jl2) oi' ~1muluf sp. hns ndded 11ttlt:: ... ~ct 11. 

( ,r,t. . c' · tescription iu thFt usually £i vc:n ln ..... u 1 1 r·y in 

the t -:t-i) ... olts - for exam_-lc in Uedgewick { l~ ~27 t )· _>34 1 

Some develop..nental details h ave b en orked 

out !_y .. 1chinouye (1891, P• 26lJ.-266} end oth ro r .·c given 

by • r.;cheldt nnd Hei .... er ( 1899, ~P · 349-35\ } but -ch co 

add n .. bing new to the previous descript i~ no w1tl1 l .. Cg"lrd 

to ~he on,~ tomy. 

1903, 
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p.26t;. This had been l::r<~served .• :or sevcr:1l y .. .... 1n 

f Lrr , l-tn. Altho~h dett ilo cf the cytc. •. l . L1i n. 

nuc_ · !' _tructur•e were loot, the main forL {'i' the -:c4.1s 

and .n .. ·cit1lly of' the cuticular -parts and the _:ic·l ... _t 

e:rnnu . wnB cleur enough. 

~~~rn-l_f~atures. 

1'he lntersl, pa11•ed. eyes ore usually .... a· cl'··~l.)Od as 

'' C( r. o·-n-1 • on account of the e lmilar1 ty bet ·e 11 their 

extr:rn 1 f'· ntures and thost. of the compou.nd e;;reo of Insects 

n-.. r: · u:;;t ac ea. In theo :r int•'rnal etructm•c.- tJ oy ift'er 

vcr;; .. ,. i.i.cly rrom the lfltt. r. The t ~rro ''ec~rnovnd is uned 

tc - i t ina.uish th~se · ~ ccn ... lex ag~fl"erot i en , ·Iv~o un1 ts 

nrc t nccesenrtly ~Kr'lclcrouz lith tbosl.:! tJ'l tl~C 

cc-· .• tm eyea of IneE..ctn ... !1t. Cru..:tneea. · 

-..;'1halo-

a !'lr t t ened, t orsal J~· rt .from the 1 t .i:-.. 1 .. lmlge, 

bc.nt down <.: t . n :JI18lc ci' about 45"- t ~ :1 a in 

the s111eld. t r·fll portion 

ab(..i. ·.. ~ .:0-th i:r~ds of tl1. -ay do .n the lenL t :. c.' t.:.1c n1lield . 

The y lwc an nvcroge length o-: about five .i :J.i·nntres • 

.Alth · h the eye is e ·rc.4.1inent f'r·atuN;$ its nize, l~clative 

tc ·11 t of the head ahi.~ld, is smaller than in th _ cases 

or tb b r:, t developed eyea cf Hcorp:tons r:nd 1 or:::. 

Im. edia t ' ly above tl1 c t.Yc the ridge, o in t hich 

it _ i ~, is prouuced into a short, blunt RI;i:1 T l1ic'' over­

/t1·1nec 
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hn:r.t.eo t:1e eye and presumably ! t'fords it ocr'£ ,.1( •ulure or 

prot\ ·t t on. The longitudinal axis of the eye 'l.s aNtllel 

to th t oi' the bot'ly wl th the convex side o~ the renlfol'm 

out_ lne ternal. 

The cornea consiets of n tl!:' t t trens •'J'cnt uticle, 

__ v .n y 1 r:tint·ted thr< urh~ut und fuint chtt ir.hr' n ln cclcuJ:•, 

... en the inn r eb ... e into fl ...-,riee vf ... . ·~ 'I'> .. ... 
fJ .... ' 

Cl· :i ·;e•:t lt..ns~c, ccnlcc1 in l~n{!itudintl I n ll11 1n 

t:.. n v l·G~ sect Lon rou ~,.led .r r .. uphly • oJ.lg !'!. ;1 ( they 

vrL 1~. .. ntact tJ lth (.m nvthel, a t their ext .. "(; e u ncr· ends). 

th !:C len c .... nco . ill B the cavit~ .... u f aense - .l. 

ceJlo. Tile t.ut e r l•Jtr ci' tht cornea j fl A \ 
.. \.J \·~ nd 

~cd ~·mt the lt nnee can be ._cen eht~ir ~ ti ~" u,:h this 

rent l c.yer tc impart t~H~ CEtt.1blance ct -r c , t.r, 1 ~ving 

th , . 10 ppcnrt nee ie t1H tr· nsv. rse sect len or the cones 

at th lcv.l"'l cf focuce1ne .. Ae Packord (l 8~, p ~ 312, 

!~35 . 9lt-7) po1nto out, the cutf'!' .i>nrt of' the Ct'rnca io 

thinn ... d more trPnaluccnt thrm the cuticle ~cv r ing the 

c~n·ln ~r~ absent. The lenses attain ma1:1· ~· eptb of 

l'lb< ~ ::2.~ ::-nd tht· 6' 1 oth out~Jr .mrt of the c' I' .. a do.,t>th 

of' l bout ~~- .. A tr nEV~rne sect! on of: th<. cr 1 , nt their 

u_ j;'· ndiJ abowa a diometre cYi' ocut (" 1 
""/ lA.I . 

In the structure of the c ornr.;t\l ler.~. eu, ',i.1c vJCS 

r • .. e:b c.. thoae of' LU.rY . teridD v ry cloecly~ -L'h y b r a 

mc1 1otc reeer.tbl nnce. tc th pr1S:nf!t 1c ycc l'::•llob 1 tee 7 

i n · · ;,. 1 the lenses nl' r:ct•e ahallow !IDd r.:c1.. elo.;< ly 

;'cr;wded 



ere\ <led togeth<. r. Their resetnblance to th ex cc.nc eyes 

of Iiu ccta is clearly convergent and secLn<i l':.;r. t1cr 1se 

t l1e •orr;U o..r the lens rnd 1 ts greet s ize in !"<~ t ion ~lie the 

I'etil~ 1 ~ella (see F i gure '+'~ ) is a. !'catu ·e ~ t:1 ut 

)rsr·" 11.. 1 1n the compound eyee of ext ant · rtJ.r•o:;o ~ f~. 

ThCl •. ~i.tln1 \·ella. 
~·" --- ·--

·nch lens 1s surrounded. b..Y n ret 1nulo 01· fl .. OU") of 

I·1f ntcd retinal senoe cella or nerve end cella. These 

nt t a i:1 .maximum depth of about ~<Jl" tmd the r ~ inuln. Q 

maxi u 1 J i ametre of' t1bout to~L 

'i"'ne ret1nula as a whole i o concflve nntert rly to 

r it (,jl1c lens convexity an<' convex posterior·! y 11 ~c the 

nerv ~nters. As 'ntaoe (1890, p. 301 ) poin. ut , the 

fe;r\' n arrangement of the cella resemble- tll t seen in a 

ve!'t bP te taste bud. 

cellrJ c. :·ibr ace the lo .. 1' . rt of the .cone bv.~ . e ep .rated 

fr( this, at l caot in sections, by a s mall. op c. )t 

tht · r locrcr c nda the c 113 ... ~ecrcase grt;;utJ.v ln ct:?e to 

be e e ,. ntinucua wi t tt the ne .:. ve fibres c. f t11c !)t ic nerve. 

£veL "' (108(.., :VP• 212, L~35, 947} has pointed P.t ~ll-- t the 

n(;:i"V • ~brea !'rom et"ch ret inula pass bac . •,n s · ngle a tran<l · 

into ~l 1J.(tu in· Tt1 e intl ... acellular bounu L;.. . z·c ... ~nirly 

ccr. _ J. te 1s eeen in :Fligu_ es 4!11,4'1 and 4.3 • 

sect ·~ n the ret inula haa a lobed outline ith ench lobe 

ccr• c onatng to a sinele cell. Ad j qcent retinu.lte are 

ee~£~ ted by a small space frr~ one another. 

f,e Ahown in 2igu..:·cs 4~ and l-i3 the ce ls v· l'"J in 

/nu1bcr 



nUJ.:.bcl' f't"om ee'Ven to fifteen. 
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No relet ion bet;· iecn the 

poc iticn cf the retinulo in the eye as a whc.lu and the 

nu~b '::! / its cells waa apparent. Dif'fel"e7'.t r t inuloe, 

cut t the same level, chow different nu.rnbn~s 1 i• l!Cllc. 

Grcn cher { 1879) and. Le.nkestcr and Bourne ( 1 ~t3, !)..? ~ 201 

-2 2) h··vc recorded nu'11bers varying .from t en t 1.:'tcen; 

'/nta~.:o (189<, p. 303) :round somE unit:.; wit1l c1€ V0._1t GOt.e with 

nine, nJ one with ns many as fi1'tecm. Lsnl~dctc;.., .n 3ourne 

h ave u ·g, ·ated that the cells may lJCssibly be l"i? n. ·ed in a 

tmd inferior· aeries int rlockiP.£ lit~> nc ano ther. 

Tl1cs ·a. not <1cmonetrate cr• fieure such an o:.~!· .n · r1eat. 

ir t f e di ... t inctly showed t;1, ·t only one lay , .. m.: ells as 

pr cnt. In thio c ;', e .. :u! numbt-I' o.f celle in n,y ~..-ne 

ret 11 ... 1 ,t•s appcu•ently c~natant tln'oughcut it l_;l{;til and 

nc in·, c.~. -O~king of ti1t- cclles could be eee!~· 

·.i.'he l'et1nal cell.c contain a cons ill ruble nmcunt of 

1'18. en·:, Ge!JOS ited in the cytoplasM in the f•:.l"!!l ~ coarse 

This pigment t:a esl_)ecially uepcsited 4-n a 

thick l·:yer• r·bout the rhnbdom rnd n. thin lr;,r 1• bout the 

out -" QeeB of the cell..J tu'"ld alO!lg thetr int r··cllulnr 

botm ies. The cletu• region round th· r·h·b'. m .escribed 

by ; t·•ne ( l89t.., p . 30.3) was not :;>rteent in t11i !"' c ce and 

haL not been descrtbed elsewhere. The cyt ."J 1nomi.· 

str1 :;·,.r•e \1ns poorly pr•eG .rved nnd ne ... ·ve :'i1)l"iJ.lq~ C( uld not 

be t cd into the ~ellc. No mcnt ion is u de o:.: t ;1eir 

ccl.lr c in othct• descrivtions. 

~he nuclei are ama.ll, l'ound st1•uctu; ·cs ..;c ttcrca at 

aiJ.!CY .nt levels in dil .. .fer .. ent cella. 'fh~Y h ··c o f irm 

/b G U4'!. P . .Cy 
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y >'lith Jenae ly [!'l'. nul~u·, <lee ply at ini!ll! c v • .L .nts . 

11o l1i' leolus was app r·cnt. The structu1· # f!: the nucleus bas 

not c oe\l:H'!l'e been described in detail. 

The ~ 1t ibdom.. --- ---
Tl1c rhabdaneres ere born along the ir.n r , 1one1tudinal 

axia..l. bor· .el"S o:r the retinal calls. Each cell b<"'ara along 

1ts n t i l"e length a V-abuped border or rhobdc ... ~rc, :1hich ie 

a t1 1nc"'.1rent. refractive, hcmogeneoun atructm•c oi" chit inous 

mat ! ... i. 1. The contiguous arms cf adjacent rb·b o .cres hnve 

fort: .cd. ./4 !'us ion c..i? djacent r'hf'bdoro CG 1 ! 10r r omplete 

thrm t~1 t normally t'cun.d, an.:. :.rt.SUiilably c...<.:co;:a • :;d. by an 

t ve; ·u:oo·1dint of the l't':tinal cella in the i'ii,t _a-celled 

core·.:. L ... n, ia cccaaicnally fvc.md au illu.ct t d. in. i.:;ure ~ ~,3 

.lthcueh the rh l1--0 .. 1el'CS form u uintle .:.;tl~ ' t ·u·e, the • 

co.,pcnent s ru·c np ).c\rent and the cent_ , l , szial cavity 

~lv·ouehout tht: leneth of tile l'habuc !~ . <.~c.e~.n.er and 

t lw ·11.1 •• -L'1r.;r end, vri t:l a teru.lency tc sepr..l·~t e _,osteriorly. 

::,uch :;~~ndency was net ebB rved in this en ·e ::1d. has not 

been. eBcri bed elsewhere. 

The J. ~:?:eliQ:.~ cells. 

l:'\ta.se (1890, p . 303) described one, 1 .. n. Leti'neC 

t~o, ,,.I'lf'.lion cells, 11l•.,__.ed nt :,he bt~oe cr t ch r• .· ... inula. 

lie r , ;:- ·ed the.::~· ns hi. ol:U .. nerve! cells, Jyi. ·.L· in t he centre 

/of 
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or the croup or retinal cella, and connected by o. i"ibre at 

one c.·d to tbe rhabdom and the ethel" t.nd to til brn!n. 

The c r_aemble the I'(·t 1nal cello except in th bBcnee of a 

_ .rc and the amaller nr11ount of pigment. Guc 1 c lls 

were not eecribed by Grcnacher (1879) and Lnnke ter nd 

Bo\L ... 1e ( 1883, p. 201) and could not be mrde cut in the 

pr ent c. ~,.;;e. Since no bipolar nerve C€.1J.o re ':ru>\"'n to 

o~:cu.r in the ret inulf':l' groupings of othel~ rthl'O. o <.-:!ompound 

eye2 , it in sng~ eeted thnt this "gatl£111on·' ce~ 1 ln o aibl.y 

n r . ~-:.n11l .<.ell wl~tch hac lost ito rbnbrlo•.:e:~e (: · _ th, 

rctin .i.. ('ella a t the b·t .. cf the _ye 1n >Co:ic: n r-o ."'.i. .. pha -

b .1 c iv .d cf 

roctt It rcmnina in c ontf'(•t it!1 :,he l~habdom 

nc _ ~ .r tnkcs port ir.. ito fcrm tion • ffil · · cv l' it· nt ture 

it i~ l . 'I'lY one of -'.:11 ...... 1.y unusual f atl r. : . .:. t '1 

Til~· .-11~£.-~ cells ( otl~~ ;- tb@ __ the rQJ.in 11~.-~lJ:.."·) . 

.. i....t:mented cells occu.&~y th•. s1des cf \..li l<:&1.ses above 

th ;rc tin-:tl cella and the valleys between. the conec. 'l'he 

celJ.E t ) •tw~en the cones rese..-nble those- of th Ol,din PY 

hY!. odem '!bile those immediately round th .. _. t.innl r:ells 

ore r: e.'! wt more elongntea.. 

r~E · 1 .cd by lank eater and !3( urne ( 1883, l' • 2<..4) o tnt"usi ve .. 
co1 ~t:iv~ tief:ue cella, r:rc found nt the b e ' the 

ret in .::: ella nn6. bet em the b~aes cf neirllJ nPiP...g eye 

uni~ . Theee pa:5s t!H•ough the ba;."?ement r! br· 1r. to clothe 
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the ~..:i ce vf the nerve fibres. The pigmeLt in all :..f these 

is i: r~ bl .. oml or~ proetic,.llly black and io :t"CCl.nubly of' 

the i ~1 n1n tyt)e. 

a .'atase {189C.., I= • 305) has pointed (Ut, '.he 

pin: .. 1ted hypoderm cello bet een the cones oec1•ete the 

cvcJ.lytm~ cornea, while those alolll! the sideG ( 1' tlle 

lensca rt. l'eaponsible f'or the :oroduction. o:r t11c 1 t :;r . 

Ba~e '~nt nembrane and nerve :f'ibr ;s. 
- . .• ·-- -·- - -~..;;;.:,:;..o;;....;;-., 

\t the base cf' t"Je yc units ie a b.'.. . .lt 

mer:\b:;.• nc pro0.uced by th 11y"';oderntal cells, 1~rom hi ell 

the c ~ ~!UI.l originatcu. 'l'hrc..ugh apertp·--cc ia t'liS 

the nc ·ve i'ibrcs and co::1e ~-.:1' t11e .t'igme!'lt ce}.l... : n into 

the yc. 
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Figure .40 

Smoothl!i unfaoetted outer surface of the 
eye . 
Inner, conioaJ. • dependent~ oo rneal lenses , 
which shine through the outer layer 
to lend it a f'acet ~ed a.}!pearance . 
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c.s . e . 
Chl • 

r . o. 
r . o. b . 
r.,c.p . 
r . o. n. 
rhb. 

• 

outer smooth surf a.ce of tb e cornea. 
Elongated inner dependen ·t lenses . 
R~ tinal cells- relatively small. 
Retinal cell boundar ies . 
Retinal cell pigment granules 
Retinal cell nucleus . 
Rhabdom struc ture . 



A· t..r.msi tudjnfil o,Pli~e eec_t1on .;:l.h,;.:o~h a .t.int{le Hj;i.tl~a 
pt ft!e\llue a1la•ee showi~tpe; EU"}"fWBemen.~. 
iJ ;s.,e, :W!!al. oell . t'fld ~...!.J..r .~beent an.~ 
rlJ.abdum ~\ruo~~s_. 

i · ::WO loasi .• dJilf}! a.eotipna_ .~Z.:o!fih .t1~!.. e.y~s .. u.ni t 
,fPd lpPJ-1 tu.41nal..;.ob~ique. seotion .. .!li!•irw . ...:Y!!.. v•at Size Of tp.e OOl"Jl~!!! ~ D88tl in l'ela\ipD ~ ,the, 
sense cells. -

.B. 
0 

icroacow; z'if lnm' '..um<:h:ro~nat1c obJet:Jtive. 
1. e noloaoop1o e.v•Pi•e~• . 
Cn.t er~ luoida clrping. 
4 li~o~1on. 

I 

pa,rUy dttpipent6d in he wland•s fluid • 
. net 4Gnh!Un f 0 l~on Alum HB: 0 to;;lyl()n. 

Aleobolio liKh~ green. 
t'bxto~h toluol in !()luol•Olari te . 



r.c.n. 
rhb.r. 

rhb.f . 

:Figure 4'a 

Retinal cell boundary . 
J,arge ~ coarse, numerou . . retill:Jl cell 
:pigment t-; ranulea. 
Pigment granuleu concentra ted 

especially about the x-ha.LJdom. 
Retinal cell nucleu$ . 
Ra\YB of the centr11l • axial rhabdom 
structure , one p.roJecting between ea.oh 
B\U:oes ei ve pair of retinal cells .. 
Two rhabdom parts par tly fused together, 
in a.ccordanoe with the crowding of the 
cell~~ in re tinUl ae with large numbe ra 
of re 11nal oell s. 
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If·o trt~AA1'e:Os! etst\1..?..!L .thl-o!:!Sh tbe r$·Unule. of 
!! mulu,2 P!ll~!., &L ahpwijt ,a .11ft en c!JlHtd .. ~,on.9_i \ion 
of ~e ... ueu ,1 t~,ec BJld ~., t,. _'le..!!l.J!O~l,!d, ,s,o!!.<!!.li.2!!. 
in, ,whi ct. ~·P. o.f h!!! rha~.do~ karta hll'f!, l.¥lrlersone 
po.rtial 'lu ion, Rre~~lJL..J.n uoco~danea w1 th th.ti£_ 
.orowdeCI &r£~ •.~ • . 

:_1,s:ro .. !cow 

8 1nm APOohl"'lla.tic oyepifioe 
% 8 Uol~~oopio eyepi ec • 
Osmel"a lucida. d tawing. 
3r vection. 

Yrttl}aration 
I 
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' 

r . c.·b. 
r . c.pii. 
rhb oav 

rhb • r. 

\ 

Figure 43 . 
\ 

Retinal cell boundaries. 
Retinal cell pigment gr~ul-ea. 
Central. axial oavi ty within tHe r.l:!ab<i<Wl 
structure . · 
Separate rhabdom ray f<>rned:,, by two eell ~t~ 
l ying between these. '·. 

In sec tions A-G the re tinni cellt. 
rhabdom rays ~hen• a v a r iation f:t·ommHl 
seven to fourteen in'number. 

' \ 

\ 



icrpso~w 

AS for the etotion in ll'lgure 42• 

Pr•2aratiott 

AS tor the aeotton 1n figure 42. 
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Fart r:: 

':.'he t-eln~.i,qnj!hipfl of the eyes of :.:i;orot"ura tc1 t[lo_ce of 
other f',:rthTopods. 

'?he lnterPl "compounc1" or npeeudo- co::'llpound" eyefl 

of "'{iphof't~)"a ere o:lertrly of a typ~ very different from 

tl:nt founr in any otbn· A 1·t-.,ropodt?, except pos- ibly in 

BO".e F.uryntto)rirla. {wllare tre internal struotlJre of the 

eyee ia unkno~n) . 

~he ~oet nct,bln ~ if~erenoeo betvnen t~eee and 

the compound n--es of Tns~ots and Crurtu.cea. r the 

folJowing:-

':!'he peoul:la:r, f' lor.go.ted , conical lenses, l'Tf"C, separated 

r.md dependine- '~'rom a smooth cornea; the 1c.rre ? .1d 

va:rit ble number of' eomewhat iT'!'SP,Ul'\r hypo '11rm ccllP , 

dispored about the ~i~os of the lenFJ t~e cbaoncc of a 

oryf'te.J 1 inrJ cone (cor·. elated, aa in the 1' xooone e':ea cf 

Jnaeote, with the lrr~e n~velor-m nt of t~e cornerl 1 n~); 

the JnrRe ~nd variable nuMber of retinal c~lls; t~o 

pre"'onc e of the peou1ier panfllion eellr' and the sirnp1~ 

form -=-nf C'CJ:\.tter ed arT'"'nP:emant of t~e pipment ce1l!?" . 

!n most of tl!e""e :pa.rticult rs tre e:re u!'lite ap.proach 

ocel l r .. r condi t.ion~, '"'l--e arrangement of the retinal colla 

in r;. eingJe group um1er e~oh J~ne , to[;:'ether with the 

or~a.nisation of t"heir rh ... bfloi.J structt'res into a. central 

axial rhnb~om, qre , however, em-· tidial ~eat,reR fnec 

pp. ;x) -J. 3 

/co~pound 
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ooupound • t~-pc , vdth tre unite 5.ntArmed!a.te in J'l'l.anv 

rozpee t." bet,.,.een omr;~a.t idio. F'lnd ooaJ.li. 

':'he nncect:ry cf' the~e eyes of\.nnot r ·e c Jea.rl y 

trac d · further back than U::.e ;;u::-yr-tnrica, in whi c h 

ei•dlar eyec were wol 1 (l ~veloped and . o.t Jet1St i n their 

lenticular r.truetur~ , ~~tPbl~ . 

It :!.a PO""'icle thnt t'h e eyes and w1-at -.-rere 

rli.o~t 

~rilobi•eo ~n~ rruqtncon and troir i ndinte ~nc~~tors , 

·€"rP d0ri v~~~ frot"l o e omf";on nncer>tra..l f ern '1 'O f"UbBoqu~n-

tly ~ivor("Cd . f :n tho oth.-•r hr·n~ it ia J)C&r>iblo that 

thene cyo wern ~ennrctn in origin fro. the true 

co!'pot·n<1 (:\'\'6~ . "'n the 1.-..tter case tr,.y -rr.ay 1-:~ve b.,en 

forr~rtd ne na n ·~hoJB , or dorivad from a ginple oc 1ll UB • 

or P £Touu of oc 111 . ! stly trey ~~Y be nore ~ri~itive 

than nny o ther kno1f1n t.rtl::ropod c o...-._pounc .,ye . ~rer.e 

:pns::-ibiJ:itiB~ ~re no cc· .'"':iA red in turn. 

I+' th PO ere cPr ived from tho aarr~ n!"ca··tor 3"' tho 

true oor-1pound oyes of 'l'r ilobitos n.nc CruPts.oaa. , 1 t io 

c1 nr t ' at the t o t;'rpos ";nve d 1 ver@:ed ver y wi<~ely from 

one f'not!;er . !-.n;v t-r1t .rc: di te r-t~ en in t11e n---r ie of 

chPn,:ten , hioh c::i.pr.t oncf~ l.c.vo ::r.1etec t re o'f oonl:'t:~e 

lost in t:--e fof.'l .... :i 1 r~eorf~. !n the a.brenc f1 of such 

ov:!"'~"ncc tl;<:' c ar-: for the oorr:rron origin or the:--e two 

eye typen iu ~pec,;l"'\tive . Tt r~mnin~ 'flOt'oi't·le ltoweve:r 

that -~'rom soY'l& distaTJt , common a.nceotor n t~nd.Qncy to 

/the 

.· 



415 
the fc'""'tation of' CO"'l})oun•! oy o TRS inr.erited by 

,..,r:i:lobitee>• C!"Ut'tec~~. , ::uryut rida nd .. i•)boc-u- and 

t r,o.t thi hr. n r"!cn.i ved o. a:cd i fied f'or"l of exp:rAeqion 

in the eves o-f' X1.phosur , -.•her~ th lenr-e~ hr ve 

inor t~r!C' in eize n.t the e~onae of the l'elative size 

ond tl->a def"TI')-0 of o-rganisation of the rest of the eye , 

which rao in l)rrt degenerh.tor1, so th t tht' unit.., ha.vo 

eppro~ched an oco11 ~r conoit ion. 

Alt'!rnntiv~ly these eyea rJJay be £!eparnt·'ly 

d~rived fror those of oth-r Arthropods. ~1~at t hey were 

formed ~a n new and entir~ structure sea ,a unli~ ly. 

Although tro origin of t~~ co~ouno eveo of the 

7r.ilobites and Grurtacen f'!"OM ~" s:xir-r,Je- oot"lluP. or a 

£t"OU"' of oc Jli cannot be de:--ont'trat ed ,it has been 

""ugr~e tod tl·:e.t one of the" e m1~ht be th T.lo<ie of' fcrmut­

:i.on of th :rtmuluP eyo. "''ntten rupposed {1B86- p.b 71 ) 

tha.t the eye wac ncri ved !'roc ln l-:.~gr.n r .tion of ceelli, 

in which tho retinal cel18 wer~ r educeC: in nurnb.r , wbilo 

they incre~sed in eize and conplexity, and ~ssumed an 

o ~tidial arrange~ent un~er each len • (In oontraet to 

thie r.e eerived th co~ounn eye of Cructac a ~nd 

ocellu~ , in hj oh the retin~l 

c~Jlr ineToneo in nu,b~r, 4Pcroare in ~ize ~nd co~ploxity. 

nd beoo-,e err nfl d in r"'t inuls:r aroupe) . ···atn • ho 

rescrib d (lt90, p . :!·1<:") tl-te oriP"in o"f t1'll9 t~v~ f'rom o. 

f.H">criet:t of $epa:·~.te lieprea~ione: . COY'"' i :ler d this ns 

/0vi denae 
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evidence o~ ito ~erivation from a ~roup of ocelli, (the 

compound ayes o'f' : r vetacea. and Inseots being dif':!:'e:rent ­

iated f i thin a einp.le 1>1~-~~ of bypo,qerT':l cello) 

JankAeter qnd ~ourne (1P83, p. 204). on the other 

hnnc , h.[.lve aupporcd that tho I.irrulus eye represents a 

etcf!.c in th~ !7!od1fico.tion of n eint<le ocelll.lfl to f'orm 

o eornpounc~ eye. 

~ono of the~s Puthors hc~~ver g ive any r~noon for 

nup}'}csing th t r:'itrer a. ~inRJ , lateru.l oceJ.ltut, or a 

P'TOUT'J of ocelli a.ctu~llly ~recf''3,..:ted the co111poun('l eves 

in thA phylogeny of ~~i:p'Poou:ra . 

V1.stly it i~ pcr<"!i ble' th1.t tr~~e repr ~sent the 

pe·reistencc of :-~ forr-1 l'!iO!'e prinlj t i Ve than that found 

in t1H~ lt.tnral cornpoun.., eyae c:' ~ny other V.:no~m Arthroporl. 

In v:i e v of t1~o a1'T'1nce of ~.nv evj de nee of the intern£\ 1 

rtructure of the related :foP.il forms this o8nnot be 

rleci~e~. 

Aa ~nr a.e ti-leir reJ ntion~hi-ps ,,..it"h the e1rea o:f t'!'le 

rem'"ini!'lg Ar~ohniria aro eoncern'ld 1 ttcmptf' h<.vn bFlen 

mad~ to der ive t.'ho ty:pica.J , .\ro.chnid .lateral ocolli from 

tl~o c:ves of th!1 ·:1!>hof'ur~ tl.n<" their n.nc""sto:ra . I.a.ng 

{lf91, p .. 4~C) l?UPJ>oned th.,se oo~ll.i to be derivof': et?ch 

from F ~irurle "'Vn. un i. t. :Lo.nkeet.er anr. l'ourne 

( 18t3 • }) ., ?04) r(lr:n.rded t'l-->a :ves of Xipho~;~urt ... an~ the 

ot'ht:~r ArPc'h.nj 0rt 3f! (1 i ve.,..(I'i nrr from u com~ol'l 'l.ncnf.'ltral 

type r-.. nd oonAi •1ered 0'1~ ~corpion ocelluP aF cor1.~13~:ponf­

lnf! to r-ever~l eve unj.te in Jjmulus. IT'he dif~8rence~:t 

~~~tween 
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b t e n t~n e f erne are howev~r very ide nnd there is 

po('ltuls.tion of eueh ~n origjn 1st r.m#;' in ~pecul "'! t1va. 

!t is nooribie t'1a.t the a71o•en C1f the T T!la1ning Arachnida 

a.T~ of e p"rat~ o'!'ietin 'fro'!"l tho~e of' ;: iphosuru . 7he 

latter ey~o . re not v~ry hi~~ly developed ~nd may ell 

ht..ve been r e rntricted tc the Xiphoau::'a · htlo the 

t r!"oatria l /:ra.ohn ida. evolved c~ n eye type . 

without ciear l"elaticnr'11i:p t,o tho!"e of other Arthropods . 

ca e ooul<~ 1Jo : ... de out for any of tre Vi"J s of' their 

... f.rini t. ir.'l 3t r\taf1 101l1ove . rt cannot 1~e dofini t ly 

c:PimP.rl t hat tb~ .. l' ri r-o fro~ or c:e~ .n rats into one or 

:nor:'> oacllit rvt th e rP. rtin posl"~bilitil')s. ~heir 

ohicf intoroot iF- porhr pc i'1 in<liontin~r t.h'"lt a tem~ency 

to the fcr~1t1on o~ n co~oun~ eye e prFw. nt at the 

baen ·Jc~t in w.or reo~ntly evo'Jved for!':P . 

rtherwiro t~eir ' n to~ is of iPol~tAd i~t~reot ~~d th~ 
' 

courr " of thf>1T cvolu+ion ~o t3oubtful s to Ph d little 
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Qonc1us1ons - Arachn~ 

.L. .occu~noe and type, 
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Th_e •rpseudocompound " ey-es are restricted to the Xipho­

sura, the remaining Arachnida being provided with a 

variable number or ocell~. Eyes are primitively and 

typically present and their absence or redaction is second­

ary., 

2, Co!marat1Ye anatomoc and basic pattern o~ the"pseu~~ 

gompountJ _., _ R~.J.L. 

It is elear that these eyes , whatever their ancestr.y, 

are not constructed on the same plan as the lateral 

comnound eyes o~ othel" Arthropods . except possibly 

those or sorne Eu.cypterida. , 0~ which the internal 

structure has not been preserved. Their units are 

intermediate between ocelli and ommatidia. 

3 . Stability and evolution o~ the "pseudo-comnound " eze_. 

The ''paeudocompound n eye was pPeelliTlSbly inh-e~i ted t'rorn 

a similar type in the Eurypter1da but be~ond this ita 

ancestry cannot be traced with any reasonable certainty. 

The instability in the intemal structure , which varies 

:t'rom one unit to the next in the same eye , may be 

degenerate • !t is suggested that the increase in the size 

of the lensee has been at the expense of the degree of' 

organisation of the internal strneture and that this 

bas accordingly beeome somewhat ir,...egular. 

I f•·..:r'ondit1on 
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I. Qonditj.on o't the e1.e in relation to ph;rlogeRl.t_ 

Tbe presence of such an unusual eye in Xiphcsum is not 

out o~ keeping with theiP general phylogenetic relation­

ships with the ~~~ining Arthropods. They are clearly a 

veey primitive graoup in some wo,ys specialised, particularl7 

in their nervous system • It would seem that the tendency 

to the ~ormation o~ a lateral aggregate eye is a primitive 
J 

feature of" the base of the Arachnid and .t!:ucypterid stem , 
which has here achielred a modified expression di:ff'el'"ing 

from that in all other Arth~pods • 

5 . Degeneration of the e~ _ • 

i'be eye a of' Xiphosura are not known to g1 ve rise to 

oeelll\. It is possible that bhe remaining Arachn1d1 I 

lateral ocelli have arisen in this ~~ but there is no 

real evidence or this h~ving occu~red. 

6, PoaB/ibilitz of the f'onnation ?f' the "ps.eudoeo!'PJ?ound" 

!!le f'rol'!l oe;..e;:.;l:::.::l:=.::i~_..-

The eyes of X1phosura may have arisen from an aggregation 

of latert:!.l ocelli , as Watase SU}">pose~ but if so there is 

no evidence that such ocelli existed in any o~ the ~oss1ble 

ancestors. 

I · General relationships_ . 

In view of their unique stl"\lcture and isolated oeeurrenee 

( the fossil forms which might possibly have bridged t!'.o;; 

separating these f~om other Arthropod eyes having none of 

/the 

........ - "';.: 
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1nte~l strocture pres er-red ) the rela t icnahipa of these 

eyes is very obscure • It seems probable that they are 

the representative o~ a primitive tendenct to the fo~ 

ation of a lateral , a ggregate eye • In Xiphosu~ this 

tendeney has b een exp:pessed i.n a modi:t'ied way, di:N'ering 

:from that ot' any other ArthroPQds ~ and loat in all 
other a rachnidn . 
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Chaptet- 5. 

D! f.. LOPODA w1 th a note on PAUROPODA and SYl'PHYLA. 

Introduction to the conditions gf the lateral ~1sua1 

o t-gans in Diplopods w1 ~ h ~te on the condi t.!2.!}....!!!_ 

fautopoda and Ozmph:rla 

'!'he condition of the viaunl orgnaa in Pauro­

p&da , Sympb7la and Diplo· oda ia of interest to-r compari­

son with that ot Chilopoda • E7es of aey kind are 

absent in Fauropoda and. are either absent or represented 

by a s1ngle pair of ocelli in Symp~la f see Sedgew1ck, 

!927, p. 605) • tete!'6l eyes are, however, primit·vely 

present in Diplopoda • In living £o~s theae are ocelli 

ver.y similar in structure to the ocelli o~ Chilopoda. 

In tossil forms there is some suggestion that compound 

eyes were present • In the :first p~rt o-r t ·;;is chapter 

tht condition of the l ateral eyes ot fossil Diplopods 

is mentioned and in the second pat't conclusions drawn 

from this are tabulated ,as in the other chapte~. 
i) 

with regard to the comparative 8!\tOll\V" • o~igin and 

relationships of these eyes. 
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P'Q, l"t I . -----

l . ..£.~£f' i'O!LB_tl Di2:l:9i10d8 • 

In living Diplopoc:s t he l ateral yc. ..•c 

c. cell r and never cor.!poun..... in type . A. l t!I'£0 nu ·b r or 
ocelll m y be pr~ce~r~t so th· t t he eye ass .• en cor.ve:-ci ty 

of 01~ nd ~he leneea o de~ree cr crowdtnt~ 

th i ~h"' t:rue compcun... cyeo c,f Insects :r..d v: t coa 

eculia r eyer, c · the ocutie:eridae. u in .'I~ 

tmc. ~·· . :1 .. ~ ia SPt cies , \ h t ch W• L"u examined, ~ 1 t lOU£ the 
_:...;.:.._ 

ccc m.m eyes, several a i.~..'.ferencec betwet:n tb .d true 

ec , -un(! eyes e re app rent hen these w re ex min d ·ith 

R 1 Thel'e aPe releti vely few lensee, not mm. c th n 

~rrty, e ch nbnormally l n1•ge whr:.n compar ed \ ith · v rage 

or1 .. t i.u l ul lenses. Th , aG Bl' rt1 t her loosely {El"'OU .. 'Od and 

eAch :~ tn ins 1 ts round o nd convex form and i cl rly 

cep:. t d. f'rom ita nc1ghbcure . Althcugh the contr•l lenses 

t ~d, to acme extent, t o b · flr ttened ngatn t n !lCther, 

1ever aceune the ~~gular patt~rn c~ nlt~rn ;inr 
• 

v e1ti 1 l"'CWB c.r hexagonn, oecn in moct true c · .. oun" eyes, 

n~ no:1e extent ~n lllc Lye._ cJ: ->Cut igeri ne . Ir.tel)nally 

it ic ui 4e c:lear in all the eyea, which ll ito been c·=nmined, 

th· t tb •e is no appr nell to n CCr.li)ound ccrai.: icn. The 

eyeo c ccr.lpoeed o1' v nu .1b c1· of ocelli r tlG: 1; lne thvae 

/of 
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It has so·Ylctimes b~en stated r c:: 1_ le 

by n "J.' oo (19.35, I . 5@ ) tlu~t the fot:Jai. >i l o o Trel"'e 

in , c · 1 a Pl'OVia.ed \tith CC..1l)OWld eyeo. T ia in clearly 

an ··~ t o .. t tc bring the Jtolopoda into 1 ine ·~itk th .. other 

rtf 1·0_..0 a r nd to :_Jrovldc in J..Hlrtieular an _ aluco ·.3 case in 

Di. opod~ tc thut of Scutiger~ in Ohilo~oda. V .i.~hoe!'f { 1925, 

pp~ ~j2,3J7) in his work on the Diplopodo .oints ut that 

th re to no leg-1 timste ground for conaideri.lf t:1e lnrge eyes 

of .o.e of the fossil Diplopods as compoun~ eye~ The 

lal'J?' et o!' these occur in ~t.ropsis ovnli~, - :)e otx 

bur~d! ·d 1 nsee er present. Ench lens, h· vcr, cmains 

rotnd nd clearly eeptlrated :rrom itG neighbmt' , rrenee-

ment Ditnil~r to th t in livting Di.Qlopoda. He otr .... ed the 

i'tKt tb t, ru nothing apprcachin£: the C G;ll)Otmd c·.:.<lition 

ha bt.cn .found in livine; .Ui.t-lO...;ods, it c m t 

be. uocu: _d th. t tht. .rcasil eyes hre other thm v :1:; l urge 



Part II. 
ponoluDions • DiploEoda 

! . Ccourence and typ~ 

In living r nd foE1oi 1 forntt lateral eyes 1l.re typioc.lly 

nnd pr1~itively r-resent and their absence or reduction 

1 oecond'lll'Y r nd 8l)Cl" rio. 7he known eyee Of all 

Jivi~ ~iplcpods co~rise ocolli or proupP of ocelli, 

O.Y.f1Tegcted to form "ocgllar OO?:'!Pounr" eyaa . Tt has 

bee n sur:- ""~ctcd th,:tt. th~ foecil formn :poa"" eer.·P. d ... rue 

coi"lpounC! evec . Tn tl<~ abet"m:e of intor"1a.l 4:"Vi denoe 

and in viow o'f the laok of ny -pr~cedcnt to tho 

oontrarv, it -m-... a~t "bo as ur.1ed tht~t th(l foc::-il eyes Y"Cro 

a lec- o'f the type of ocellar apr"rer-Btion"' . 

2 . Com 

('f the oomps r tive an.r t.o-rey of t he e eu:rpecod compound 

eyes 1n t ho fossil~ Jjttl~ ie Ynovn , ~boir lcn~eo do 

conrtruated en tlH.'~ enrr.e 'Pl 'l.n n.nd a.rrea-r to ""n ve be on 

n Ptr>ble 1 tructure ohowinp no evolt:tion ~?ithin the 

cl e.a •'~ , cr any v r'i.a.ticn in relv.t:f.on to phylopeny of 

t1- e or derr . 

aneestr·al true compound eye , t tere re a in in the 

'T'iplOTIOr s no clea.r trace c:f' the eva f'rom whi ch tl-ey 

/ o.roae 
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4 . ~o~oibility of t~e ori~in of compound eyoP. from ocelli . 

':'here 1R no c1onr ~videno"1 t'hnt the lr:teral n rrega.tiona 

of ocelli nt any tiT"~e volve-d into a true oompoun(~ e;pe . 

5 . l"'eneral :'e) ntiona,hipe . 

~he ori~jn of t~P RUppo~ed co ~ouna eyaa in foQrils and 

the lateral ~oupa of ocelli in Jiving forms ~Y be ~ue 

to the operation of tendency to forma.t1.on of a. lateral 

agrrepq.te eyo nna.lqtous to t1:nt , hj ch oper'lting in a. 

~iffarent wa~ produe~c the eo~ound eyes of other 

Arthropoda . 'i'hel"e 1" no 'i11t. arnal 'Tlorphc 1 ou i cal 

aimil~rity bet een t'1otto ocellnr twf"ror..,tion"' anr:~ t.he 

cor.pounil e-.. ~n of ,.ns(lcta and r.ruo.ts.oaa or the f"VQr- of 

Xiphof:lura. 

.. u:cos•••• 



c:lapte~ 6 . 

CHIT.OpODA • 

\ ....... ~ 
\ ..... 

'· 

Introduction to the Ja t!r_a]._ "~ound~.§Zes of_ Ol\j.\Q;£Oda..:.. 

Among the Chilopoda 

strictly , "pseudocompound " 

\ 

"compound " ( 'or , mor.e 
\ '. 

eyes ) are restt1-cted to._ 

the Scutigeromorpha , the r emaining forma b~1n~ blind i 

or provided w1 t:~ l a ter al oc~lli. The isolated 

occu~rence and p eculiar form of the eyes of Scutigero• 

!TlO.z-pha ~ makes them of considerable intere~t. 

The fiwst part of this chapter comprises a 

descriptions with figures of the eyes of Scutigerina 

weber! • The second 1s a discussion of the relation-

ships exis ting between these a nd the latert..l eompound 

eyes o'f other Arthropods • The third part comprises the 

conclusions drawn :t'rom the first and sec · nd ~·'Parts as to 

the comparative anatomy ~ origin and r-elationships 

o-t the eyee of Scut igeromor:"~~· 
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Part I. 

~~iginal description:) 

Xbe utru.~ture of the ln~eral "com,p£und" eyes in Scutige.rina 

weberi .'i lvestri. /'loo. 

'i'he so-called lateral "compound" eyes o:f Chil'Jpods 

are cont'ined to the ~icutigeror.orpba ( Scutigeridae of aorr:.c class 

1:fications.1 Grenacher' a original deocription t I87;)) cnuld 

not be ceen. Ademsame~'s description (!893. pp • 573-5781 

of the eye i~ ..:.£.::!till:J:!.S.9!e.Q.Q.~~~ u!;parently agreed i tL 

that of '"'renacher GXC(;pt in the presence o.f eorneal hyp~erm 

cella , cone cells un:1 cone ce.d nuclei which Grenache~ had 

not ~~und o Roaenstadt (In96,pp.369-375) mentionLd h ving 

1nvt.stigated the eyes of J ulus,Gitil>meris , .... tthobiue, ~colo­

J2Cndr& _ a.no G£l!.~ig~rA . H:s obscrvbtions are conrined to a 

1.~e tht.oretietll apeClllatione and the figures which he t!.ives 

ere cleurly t aken r ro:n . demaa"1ler und Grenacher. Hemt;nwo.y 

( I l)vO, .PP• 305-2!3; described the eye in ~-cut~gcru forcevs • 

Hie paper ia not £AVailable • Verhoeff' (I'"i25, pp . !l r 42J 

mentions 1 t tn his bibliography but . 11otee At!emsamer' e !"eser­

iJltion almost verbatim tHld does not mention any differenceD 

bet een this and that o~ Hemenway. Hanstron' a descr-ipti.::>n 

{}-r the eye in There~one~ and ,.rhere~poda \ I·J3l.~, Pi.1• r-Il~) 

is not ovuilablc. The only available abstract 8 ives n brief 

list of t Le number or each type or cell in the ey1 llD.i t • 

'I'he only othe r description of' the e:;e or 0 member of' the 

Scutigeromor-pha ( or eutigeridae ) 

I appears 
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a_)r,:eccrs to b~~ tl ~, cf 1'ackard (1GB 1 p '· 08)--6~) de'll Lnr 

v i th t11e eye c .:.: l'lt i n. i'orceps ( o; ;cut iger-g !'orce~o ;. 

lie descz~ibes t h eye o.s an aggref:otc cf ocelli and :fir ·c nc 

ccneo, only r '~·-~le .l'habdom to each lens ( n condition moot 

unusual in an cc·'.luo), and a vitreous corneagen l aye! .. . The 

descr.1pt1on iL muzr.mry and 1naccurnte. Thus of the lit r n-

ture on the e~ .. cn r, }CUt igeridae the only useful and UV"\·U.­

abll'\ original e~·ci.>iption i s Ademt3tlmel: .. ' a ork on the .. yeo 

Thf' 'lor";: TT a h t: re c onfined t '~ the t o 3outh Atr:.car .. . 
~pleoptrata nl".d J eut igcrln~eberi .. ) !_1 

the: C'fl~.e ot: k_u~; r~z-:a coleoptrntu obs .. · ... v .. ~ t ions merely 

con:ril·n~d \de-.. r .. c~ ' ll description. ' detcri ption o!:' the 

eye of •.Jcutiec...r_"~mbori is £1Vcn, nd the condit tons lr: 

·cut ieera col~·- -nt .. t t mt-._t i oned in connect ion . i t h th1r: .. 

:ocr1ption O.t' ·t:.-;,1-e dult eye is quot""d' it 

~HlB 1)(;' n cc:rt'L ·a :'Jy obaervaticf.. 'LU"!lc~s oth,~rwiso ir. ~ iC"~.otcl .. . 
Sfl'vestri \qo3. 

The eyo _ _.S2f__ 3e_· .t : · ::-·iu ( \Veberi ~ ~ ..:..XtLrnal rea tul.,eL. 
-~ 

The pair - (.;, ~ ~re sessile Hnd i t novable , an<.! a_;_ r 

cxt "?rnally a G , -,,.... ... ,,... ~... leas ~~iuilotel'al, black tria.ncleo. 

i'hcy "''.:"Cur en · ., · , ::ide o:r the ht.:a d, bout h9.1:f w~' .m 

itn 1 enctll . Th :t •e 'Tlainly dorsal in pooitio:l but ext nd 

d ~7mvarda sl tcr.·· l.:y •.)n the a idee o!' the h"'ad . The most 

·~ntcr'lor cf ti~ ( 'th:.. .. ~~ angles of the f:!re io l aterally l}Wc~a,. 

t!lo rem.11ini:1E t , t>c inz dorsal . Al ~hou.!~b the eyes c..re 

c -11~:9icuous i:: ¥j ew c_ tbeir colou1~ l\nd i'.rom the :fact t li· t 

, t:1cy do not cccupy rel r-ttively e VcPy 

/larce 
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Thr er-t r nal lnye r com; i t n 

~"'he convexity- of the ey e and the-

1't.ct thttt the. ~ . n 1tl, lo, thouell theY t nd to hide in 

crevice:J in w ~t ~·cr theil• prey, ore , ctive, prednc101.1 

f"orm.s, a nd, ncc ~ -· -.i. l..; to d' hercul..,.i t. (1911, .P · )99), 1 c 

sc,~re·t .i.ncc f'vuna I: -.r!~ . ir.a,!_ 'lbout il ... t 1 c. brieht 2unlie11t. 

l ens system o:: t h ... eyf..· consists uf n 

tt•anspn.::•cnt, t..CJ .... : ... :-·lu3a or s liehtly y(.llo ish uecret icn, 

chitinous anc. c 1.ti:mouo wi th th~t t~hich C.)V ~r·3 the &~n i.~t·l 

aur~ncc of the 1 ocy but, unlike it, in 'heine without 

The maxirnu."'l depth o:r tho e crnel'l r:if 

the e y e C:.occ n t rr~ntly exceed that or t he cuticle oi" t 1·e 

hcdy . The c rrne i;. broken up intc i'neets, arranpc~ i n 

The ·.fneota nro 

11cxar onnl b '..lt 1 .: .. o ox ctly syr :1ctrlcol ne in the C(""'iAJOP.n 

cyeB o:f Isect El trrl ' 'rm.tacea . \n untll i cknned part d: t:!c 

cuticle boundc ~~ :.l r ncet oc thr t i n Cur'f'Ace view tho~r o . 

n ot ai'pcur entil .:..y contiguous. I n ~eutit~cr..t coleort~ 

Gr nacher (lc7~ ~ d~ ... cribcd .live cr cu o idec to e ach 1 n:!. 

'.d m£a.mer ( les_, :.1 · 3T;j ueocribcd n'Lx ~L ec cf sor.tc .:, t 

Verh oef!" r pc t~d t ·hir.: (1925,. Jl_ .l ~l-'. 2 1 • 

'uch f'ac e t is · : ..,_.le ... nt1ty nne. ·n. t hout d ivisions t o 

c Cl"'~eS i)~;!:td t \..- o..h epnrntc underlyin£~ cells re.eponatblo 

i'nr i to seci•et i--··l r 

/Each 
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Ench face. t c mo iatn or two parts - aA -eut-e-T ...; an 

outer 1 thin, ctcc~)l~r-atuining,tbickly-chitinised layer, 

homogenous ari <bout 3;c. thick, onc1 an in."ler, thicke!' 1 y :;..• 

nto.ining moJ.•c t 1 '..tly ~nd made np o£ superimposed lnyer!J 

lclid clown in (il'm7t.l or the l ena • ..."his structure doea 

differ easentt£ lly f'rom that of the .rest of' the body. 
,_ 

.. ulcrc 

cu?e about t l:t"tc.c:. l~n.aea across the eye in a transvero · E..ctlon 

:yoaDir..e longitt.l~ :' lly througl1 the eye units acrose the x-

i m·um d.dth of t .. c eye. ::,ections ln the plane perpendiculur 

to tllio s11ow clJc)~lt ten to twelve lenseo- rn all there nrc 

about one bundl.•cu nnd seventy to each eye. The lenses nr 

plano-convex, c.l' ::. lightly concavo-convex with the convexity 

. No bi-convex l enceo 

were ...,ecn. • col.,d ine to Grenachel~, { 1879) in Scut iC. rr 

goleopt~atn plr no- , concavo-, end bi-convex l enaeo co:th: 

all be ceen in 1.: .,erent specimenc, Wll ile accordint to 

.denea.me:t• (lts:.. I. :J7h) all thece t.r""Pes occurred in ttc 

ou~e i r iv id:'t1·.: a _ cvelopmental ctne(~S , the bi-convex 

Only plar~o-

und ccncnvo-cu.vc~:: l• .. n.ses W( .re lKl'C cbc ·~J."Ved. v. r11c -./f' 

( 1S125, . ..>ll· 41-l:.~. ; cGnaidere tht t the c cnvt~xi ty vari(lO in 

n; un udapt at ion to ..._ if'f'ercnt types c.f 

night. In tl '''"' C•toco the lcnoco ::c ure periphc.rull~.r 

obcut lj~ an\: c· .L ully about 22)C. ,:\iJ cor.rp <Jred with I ' 

thicl:ncns of lL ·.1t ?.y for the body cuticle. F.ach ]_~no 

lial-3 ::;. di r.1etre _:oout 45- SCf They arc mor cr l( r::r:: 

unifor· 1 in thici_ A3G, size .and area .with no perceptible 

changes at the CZJC :largin. 

/The corneal 
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·~~rlh,t l r;vpode.I'm. 1+ )J. 

This is the up.)~rmo.nt layer ot cei la, doll 

~acr.poti O:vcnael1er' s attention. 'l'he cella ere t:1.;n nnd 

se~n r :tb d1:ft1culty, ainco they are. readil~l o~uat:f10d in 

s&ct ion! l.f: • ao that the base of the cone appcr ro .to be 1n 

eon~£c~ rith tbe under surf oe ot the cornen al one the 

greater p ~t of its length~ They must, :1n tho ym.tnL! 

nnir.J 1, prcaum~bly have coVer-ed the entire $l'en eo r eBpond­

. 1ng to t:1c under eurfoee of the facets but l!nr p •ob •bly" 
\h~~o~ 

shrunl':en th('ir :!'unction decreased and~ t h{. eo~n 

inerr.r eod, ae in s ome Inae.cto and c~ustacc - ooe p,."'l . 1oa, ).6'7 

The3 not :rorm pigmented 1~1a ee1la as 1n '"(lo1e I l"..oect.s -

. The cytoplnnm ia thin and ' t " i l poorly, 

the nt.'cl ci are am 11 and the cell boundaries in J..:> t i"'lOt• . 
• Tllt-I·c '.)11Cal' to be only t o cello to each cy~, urJ. t ~uaa 

In ~cu~lgera solcoptrat~. thor. nppc 

to b ln!'ger number ~t: c-ello, altheus!h tJ1 ce -.. e 1.. '"'~ioult 

to ccm1t in view of th tr~ small eiae t.\nd inC!.4 rt tr.o 

bom... : .~ 1 co. Adernaamer {1893, p " 574) de ertbt.i f rom 

eir.ht to t-,. clve cell in el\oh unit lying rcun: tllc 1H na 

of t: - o .... !l<)a and cover1r..g the l att er except l:or n om ll 

centr·1 ~~rt . Hanstrom (1934) desoribed lovcn to thirteen 

cellc h:! .£llgreuonemQ with f'o1.w.tcen to fittt en i n ~1orouope4a. 

ihe nuclei are arnnll and centr 1~ :Pl"Cod within 

the eel' r. 1 w! th n thin membrano, :finely an~ aparoely · 

gr$)MJ.l' ...... contcnte nnd 1J'fith no nucleolus a!'pnrcnt. The 

cell b c:uniiar1ee are indistinct t tho l~ternl lwunll."tt~teo 

,lbct·:,ooon 
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cellc o "'djncent units havin disappenrcd. ~1c ccll.o 

:rorti· a rin£ ~ound the u,~.J,..Jt.r roeions of' the c. o?.10 ~ - .. 'o t "thicb 

they umr~lly appear tc be ocva1•ated by a m· 11 np l~·c. They 

abut b lo, on tht. undex•lv l!lfi plgt~nt cellL 1~. the 

co.nc. .~:'ho boundaries b ·(;w,~en theee and tilt I.zyvo c1• cella 

inui titue t. 

t be cone c ~_.!.!.@.!. ... 
In the living eye t he cone is uo UC'l al n 

ccnsp ·.#'> l0\10, trnnsparentl colourl~ss, refracting apr. r tu.s , 

l y1: :g 1i ~dint ely below the cornea. Its ~t r 1 l 1 as a 

rul!l tlif'::'icult to fix aatia.fnctor1ly, beinr b.'· ne .~t­

li<.lu:i.u · t te and not in the l'orm of a hard ! clid body, ns 
• 

in nco i:; l."UJccte and Cl"'uet c~ft - see pp .. ,~,.~ 7'?, .co m . 

(lu9,.... ., _ -.:574} described the cone in Hcutteft!::~. c•c.J.~~ ....!1:! 

na u · !"'o.:-~e<l of n granult\1' mr tcrial, hich r t C!ily ~- c'{ed 

und · <!1 he dcscribC!d rto contninine >;·rouni: yell( :t;~ 2ot - ( 

The cone a.ppcf•.l "· i n ~)O Gll 

c < c ...: l ;- ·!-:~r:cneoue • 

.rrne limito eJ: ·tite cone segmentc: c •t · in ..i.\; ted 

n tborn. These art= np p. · ·cnt in 

atl't·c..~~~:,_n , they de not i·vl'm auch "1 unifol"t , L olit l .. cgular 

l c.ycx · ~ in tl'le eyes o'f i 1tt ceto t,nd i rust ce nG. J.~ <..J 

nrc m.'l lcsG conical in t:;1opo, i th tl1c ln .. 0 t owt~rda 

the :.) cr·:n.e·-, un<l the apex or the cone a orne C 1.attn'<•v :·rom 

.·tho 
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bnser.cr..t· "llmbrane. The cone appnratus is about l!-5-:.,c.;'(. 

1n lC1'4.'1t.l, while the entir•e unit ie about lt< f in lor--3th . 

The .. iclt! .. of the cone at tts baae is about 3<:-3Sjc i'ront 

wbich 1c ~·ttrement it tapel"'O ton fine·point qt the opax. 

The e~.r.v:.ntn, which ar< mr.rc OI' leea wedge Sh• .. Ot1; t . .,C 

scpni~·t.ed from one anot!1er by double eontouv.oo cct.i).?~lnes 

of lln Unc'lulating eoursep They are unequ.nl Emu 

aec~_-r.-3"-ric 1 and may be rrnnged about a centr: 1 &Cf!.GlCnt 

or t hin ·;nybe.abaent. T~e arr ngement~ [tith-l~h 

irrrr:tt.l.J....· ~ 1s roughly :rnd1col .. 

Gh o1~t ::--r t"!1nn others nnd. rt deed out pically. H llt 

poEc. :..~e at 1te baoe n maximum numbel~ ot" c;; ....... tf'l. This 

v·iri.~ 2 .... the dh't'ercnt unlto 'rd may be ... 1 v ., 

V'/1 thin ac 1 1111'.t t i3 

m.1!·1· .. • t cPe sell alon~ t!i~ lo'1cth of the co! e ,n ·J .:.l only 

one · (.._ · 'nt rema1nB nt tl·w opex: - see lt'igtu'e r: 47- ~.tcr. so. 

In ..;_c_J.·t: ·~.;e,r __ .. coleoEtrat!,;\ G.r<.•nucbc~ ( 1879) fourd c5.g !t or 

nir~ ,· the t1aximum number. <lemaamer (lee')], P•57ld 

f'ou::C '£ l.vo or siX· tlle usual maxirrmm ntl!nbE:r ~.tll ocvcn 

·nee . nt occurring in n f 

deDcr·,_1;ed the nu.."!lbers ns YElrY-"in£' from f'l V( to nine • 

l!ar_at:r·~'"-' ( 1934) describe~ s<.:>ven or eight in T' -~N~ucP.cmn ------ ... II(.... ... 

nnd t:ix or ac:-ven i n :'here12o-ppt\~· 

There is in the Cldult no vesti~r of· t."a .... ecne 

cell c ltoplnom 01 .. nucleue in e 1 tl1er of the I:! ! ucicc 

ex LT · ~.nc~ . Orcnacher ( 1£.79) cons idert!d on t . Cf <' [~ undo 

thut til :to wua not to- be. r•eearued as a tPue i: .• ::Sl.•._ ecllulnr 
1 ' 



con.q , <.O"'Jl1't-able with thrt of thc.compound c_ycc 

·.rt' .1 • _,o ·~.:::t. He there:ror0 t ormed it a u cry::5t J.lin l)Q .ty'• . 

T'he .... it'.flc 1lty as OVlrccmc by .. . domsumer ( 1 :;;;, , • '37l~-

v e1:y yOi.l · i:'ld1v1dunlc in _&ytieel~a cole o1:..t .. t.J .. S. . Rc 

:rc~=- ~-; · ~t. a sect>ction :ppcnl"ed in the youne ... ..:-:i.lo nd 

t~t.n .. f o .r!'Y.'d into tho r.10.tc·riol of the cone f:'t•c1•ct ioz:., /l i l e 

the 1 ' cr:r~t~on 1"'illed the tihole cellG, of ~:!.i.e· t .c...~ .. t·ilo 
. :' 

cell 1>· -ur1~n.ry r emnined. Vci·hoe ... '!' (192.5, p ~ l;'.) r-ep ... rt~ 

thi t · The yoti:ni A.n'' tidul t condi tiona Pre 111 u.Gt:r ".t 11 in 

the attache~B~n~l1l~tions't1i~o of the u.pp r ur· ... · c~ o:.. t,le 

c-OP' < t'K corncn nnJ hyped r 11 hnve alret O.:r 'L ... en 

(; l .c 

G.ei 

rh i o is eb own i~~ 

:'4_:. ! ~ ub 1:1 ob l ique etct1cn. 

rw.j l. •• ·) .. :_ .. --;ion or thei j." lcnet1: the cone et-('1 .... :.t'"' r e 

m::.rl' ... :·cd by the upfKr ro1 of retinal eel~ .. fr-c.J .. :k 

rhoi l 1 : • n or which thr...y £1.l' C ~H.J:n' ru.ted by v. s:1( z·t 

dit:tt .c:e in occtior..s, althourrh th!! t wo may be in ccr-.tl'lot 

l'he retinal r:ells or the eye or- C.! ' l" .::1 ca 

•. 



two nU?.Je!•.tr.JIJoSed l aye:ro and in this respect f\l.•e n a.i':c 

t he :t. .t ... •al compound eyes cf nny Crustacea..'tl Elii ,f' the 

grrd; .~jorlty ot: adult incceta- aee pp. 1 .)~3.::>00 J,. C 

The t .. _ : J_ :bility in their nui:"lbCl' lc · s l milru· tl ti t of.' 

is nr.t tlL same for C.L"'_,_ ercnt eye uni t :J . :.:ar 

r. iono , 

'. •' 

1 r row o.f reti:n.:u cells there are : :.ve colla at 

in 

1.r:..J t?· _. lo·-ey row in Ficure S 1 

ccle·~·c;~. J.!. Grcnacher (1879) dcGcriood nin( ~c t· ~..:'lve 

cellc t ·1 t·lc UP: ('r row, ~ dcr;~nr.'lcr ( 1893, p . S?.:;) l"L .c.: " o 

thntcvn (nine to e leven \Vo: re s , en in the ~;,a"'~ir:m). \Thilc 

Ver-t ::r ( 1925, P • 4) rCJ)CO.ted Greaache:r ' £. n·· : ... .:_· ·. 1ll 

")utbors descri.'bed a lowel.~ ro 1 of f\1: • · ct i .l:ll 

cell~ Ol'C<JS i n,e to thNJC in ~ach \.'lnit. 

HQI1.3 tr6rn ( 19.3\ ) de,.cl•ibed ten ~c t G1Yc .!ells 

i n t~J- "l)per row of retin:1l cella _in T11er0uc:t1:._~ .. m.<.i 

t::; four callo in t 11n lo;~l' .L"o,, in 

The! -:.1...-=-~ ancl two t o i'nur i n :t'hcreuopodn· 

col·: n_ o·L Lli! to et;Ch lens lo i r..compreher!E ;:u:t.\ 

',., . - ~. l • 
• • '-"'• .._ . ...... j 



makct: ao rLnt ion of n dcuble lnyer of retim.ll cell • 

The tlr·r~angcr:cnt of' the retinal cello thJ~oughout 

the c.r 'illf.l their s izc at col'X"~BIJOnd.ing level£" L1 . 'U'f'crcnt 

eye llni . ie more O!" less conata 1t so that t L ... c .. :tio.ns 

ehcw t:l . finite pattern of' cl.l,rt~ngement. 

im!)recoi 'Jn, 1s not as :ret.:uJ.ar le that to be o'bccj;''\Od i n 

th~ cr. -l!>01)}'ld ey~ of' Tnaect~ and 0~1etacea.. 'i~e 

arr£•nur:~.~nt 1s also more loose a nd open t hat!. iL cycn of 

O.'PI•rr~~>:. '1 tely correspondi"1f: s tzc in Inaectc :.:r¥1 t.·I ·tro t n.eea •. 

The retin~l eelle are approximutc1~r 

cyli:' ''C 1 in Shape, lmt in t'ceordanee \ifitl. ~i1C ( •JtC n 

. 
conv('xi ty of' the eye nna. the inter•nal convcrtcnce of: the 

eye r;r .. ii; , the cells dccrcHse i n size in er c·· . t~.•.t to•.r rds 

tll 'bnoc or the eye. 

mo .. •c. • o~.~ic~able ln the lmml than t ll e U'npe;..· l''- .- . 

lowe ·. ro·,·, rhich is n c turnlly more crowdeii t: .. :. t "• u_ )er , 

an cr:. · ·· ·o cell i s sq_uo.r.l.tcd out npical.ly. 

shar tta1·n nnd ar1·£,J!Cer.lent, t h ese do m. -:; i . .t'c.' Trom 

tbc . t 1 ~1 e:ells of !!.£\1-t lgel~o. !!Olco;etra:tr. 

?he cells oi' tile upper row haYt. c 

dinrnct"r ')i' 9jv _at the top, d(.cre::.Rsing to .·Lunt G1 ~..- nt 

the b1 < n ~ ·;t-f~h a l ength of htt-ij-5 f , -r1hilt~ tho r.cll r.! of 

the lo ,e;p row lHrve a. lcr_.eth o!' obout 3Cf wit tU! upper 

1ev02 1::--. t, he unit the c·elle Rr>e o:r more or let.: a cnuill 

oi~e EP~ oymmetrically disposed . 

ret1.n: 1 cells 1 tea rouncl tho cone, just belo·; the -.:1._[2:, nt 

cellf. .... nee Figure s~ • The t..pp~r r ow ena~ {\t the 
I / c "lC 
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cone ... 11;c;: SCi that the lnttcr in Sl.lt'l"Ound d by · ... I1c 

.cbalh i t-.,:.."~CS cf the up:)t.:::...- r·t in&l cell s onl.~·. _,cut..:~.~J.·a 

cole c 2~ ..... ta did not a:p~"~ ·.:..~ to <.. i.J.:f'cr in t~dJ.:. 1·e~l?CC ..... 

In~ ·_r.; U)oc ice .'tderus or1el1 (lD9J, p .. ~'7s- ) l..Otd'. -;;;1 t t.1c 

up_ c:• ~~gtln."ll cello enue~ u'LoVE: the level ~ tr1c· {.:v:-to 

ape .... , :. ·.ch ia thercfoi'C nurl. .. ounded by 

of tl :.rt 'Cl~ row of X'i.:tint.1l ccllG. 

:;he loru, r ro..; oi: retinal cells c; t t:d.e J.'l'o 1 

juc L b lu ; the cone ayex t 0 the Pftsoment nci ln.· Ul.C• 

'l"hJ.'<..-u.( . ~ ... a i a r~mbranc the retuwl colla ar~, <:o in' t~1c 

con1wu:.d .:J'eG of ot.her •.. rtl:ropods, continu<.Jil6 ;i·~h the 

_)i.'CB cf the o:pt iC IlCl'VC - - .. 

ThE. ret1nr.1 cello 1!>!'e filled wit?1 .. i.' i.~ly 

denr· . ~ytoplr.sru, stainir-...g deeply but unevenly. 

l)cr1r Cl'll rmrt,togetl1cr with a small region rc.u.r."'lt t"1c 

,.. ........... 
.... ukfl 

rest. 1. .. 1 u::Ldep1gtn ... nted r ect 1oas l:bie arcn in ~~.!' 1:. to 

The 

Pi£!" r·t ~ deep brown in coloUl" t a..'"'l.d ito diot2.1'butio!1. 

ree ''1.-:.J ·th t ot· the r·ctinul cells or t h<. · r:, _;~vnd 'T a 

.and ; . : cc... in daylight 

Between the pi;;r.lc:mted pnrts is :: ... 'CLi C:l c£.-

1'incly . -_ .. z.nulaP, ligbtly otaininc cytopl~ar.1, u.li ... h ohows 

in r~ .. l. a ~c .. ionEJ a striated a:ppon1•ance, fine :J ~ri w 



runn.i .. -~ otr;; .from the rh l>do~re area in eo<:h c u . 
1.'hir: ~~P 1, to eorrcspcnc:. t o Hesse' a nachult~c ·· ' 

(19C, ~ k 347 et .. seq.j- oee p. lb- which he ;-, -· ..... -.aod 

a.s .. opl en devoid of pipmant, through \1ll1c: t ·1o _ ao ge 

or t h r..euro:C'ibrill.ae on their w~ into the ~b,,:bd ·. r· a 

Those atriatlor.u co.~·. t, 

~, be traced into t he l'lhabdomeres, but n r ~.:' to 

end t lin l.v in theil' ne i ghbour hood. Thi·· 1.~ 1n 

nee c. c ith the v1e~c of ~~ tkoff (1931 , D• 1~ 

othc on the nnture cf. the tcr:ninatton of the optic 

nC!·V, i'lLrillae in t11c co :1pound cyeo of other ·4 tu-~pods 

the ~ 

t he nuclei otnin deeply s nd « r ov 1 · · 

outer pigmented ru~a o~ the ret i~l cell 

They may occur n.t eny level 1n itP ~r .r 
o: retinal cello. 

The ind1Vidu.nl retinal eells or e ch l cycw 

are f' t ! euouo and theiz> mutual l e.ternl botm. m:-!ca -~ 

frer- tJtl y obliterated t o Q r;rt>f..tcr or 1(!00 ~ ·: · o~'lt­

Thc u .eti."lct1on betlVN HJ. th cells r emains apparent i.n. 

the ::-·t 1 .. ru1l lobation~ - nee ? igtll"0 4g · so nn.d 1.rt·· .n t.ly 

i o t. ...... "'l t i n l tnes rt!rv.lne cut .from tb~ rhn'btk me c . 

'Z:hc 1 · tt- r are cspec~n ' l y cler-r i n the l w r l r ~ !'t ' 

ret1.n ·2 "!ells - sec Pieure :r1 .. 

/The be~ .' "i.:f 
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The boundary betwc~en tht·' two lot el' S 0~ · calls 

intc one- ::.not her in some C88CO. 

ret1 twl t> r;<ll nuclei r nt} t.r Shi'J'\ n :ror exn.r:tpl<) ln. _:tic. s ~ 

They r .. :e n:r.:it:.l ;;1 b .. rl!e ·lcr( t:~ -

Each t•L i dcmcl•c 

prc:.-·ct.!.O il· In the UI>PCl' rc·1 the rhabdm .n..rca oc 

rule _ ~i11 oeparate but.. c.:·cuoionally run tc.Jg 

som< c.; .t.c•1t tc f'orm a moro cr less continu.-,_ 

tbey , . oeparated by the c one , rGUnd which tl!c:r f'ol'".!l 

In the J~0r row of ret1nnl ccllc 

tc 1 ox· 1 s rllobdom. 

ce1.1~ nt rlifferent level£' ln .:; i -·:rercnt uni '· , -.' t:1c 

sariC ye. shm.,s n conpl te ~::'uoton of' 

/the 



the _itib,lonllrea to fOl't.l A l~olit'l l'habdorn iT:. t1 (. 11 .. fC ... 

tivc-er' '.lcd part of t1,c low r lflyer of' reti..r" ~- cc).ls 1 

while !'igur·o C shews 

u she· 1'1 ve t;.nd i'our eel, cd a v. ~~.t ..i. v•'JJ 

TQIIru.>de the o"oe cf the low~-r 1.-...· · • ~n tho 

in c 1 

In the lc. l"' !:>-v ·\;"w 

ott . 

cella. 

& mcntion~c. ·bovc , pigment is u.eyccitot i"L 

1 .~ tbc rr: t lrutl cells of both layer·~·.:; r·e · ell no 

/nlcng 
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tbc nc-: v·· .. ~ ibr<:s o.f tbe ::.:ptic ne~'Vc : tern . 

In Scut i' ~:-

we1>c'1 t~ .. .. e rre -two tyPe~ ct sucr1 accessory .1- o. 

The '"' i -. t cf thes.e ccmpriaea & row cf cells e1. 1~ ·;und:tn: 

Th~ c< llo. i'c not nbut on th ... c· ·.nc" ·a 

apr 

n ... ~re r _ce is due to the cbllqui ty of' the ~..c- ,._·t ~"-·= -~ · .lch 

th(!' _ i:· : :~ 1 .. cella c:" t1K n .. rl. Tha tr•ut .. • l. t.ivc 

poe ;_t: ·J:! o-' the ·c ellf' c 'ld corner- ia seen ln. ~l1t J.o113 ·-

t udincJ. occt ion shown in l'igtweo.A. • 

p i [t ··~~ ·: !Olls merely sn·v e t o f'ill the op:~ ce b t· too. 

th<. r· •)·:. 2n<1s of the eye unite, they ore ~cl~tO\'h t 

nbcut J. f nnd width of nbout ·'-+/'·· They rna;; 1;r- cr.. t:guoua 

/'J:Ihc;r 
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They l~ ve o. distinct cuter membrane and coo.rcely Gta.inlng, 

denoely g:.:unular contento. Like the acccna·r,y pigment 

cellt ~ oth~r ~rthropodo, nnd unl1~e their ~etlnal 

celle ) they re without a nueleolu.o;. Tiley 

arc ~ t. r.:.'nlly centl~ally plnced within the c llr )I nlthoueh 

the~" v: 1<y lightly in level. 1'he boundnr1cc b ttl en 

adj cnnt cclle havo practically r.Uaappenred, no th~t it 

iG v !:ay d1-ficnlt to ccu.."lt the number to be a ci[!'!lCd t ·o 

eacl' , )tll .. ate eye unit, eopec1nlly ae they ~ e r:· n.l., 

bet r.f"!:l t o ndjac ent ey un1 t s. The nul"lbe!· .~.. of th 

ord r .. oix but appc11rs to vary cl ightly. 

Lo er down b ct·1een tbe upper r tina.l cell 

grcu ... ; o.' ndjacent eye unito ther is n eecc~ oct of 

Th c ::!e nre few i n n .be ... 

acrtt .d 1n disposition. They are spirdle sh .,)Od "ld 

simtl 11 their cyt<>l)lasmic and nucl(.ar otruct c to 

the c « 7bether tl1e pigment cella ar ,f sole 

or ectr; ~ct•. l origin cannot oe judc.ed froc their npvc l.r­

nncc nd could only bo a cided on n embryolceic 1 otudy. 

The ,)igmcnt cella ·1n ~~eutigcra cg,leoptrata apperu>cd very 

eim1lnr ~c thoe deseribed above. In th1 cp ciao 

Grer c~1 .P ( 1879) and Ad . amer ( 1893; p. 57() houcvcr, 

dee c. ·bod t:u•ee types of: cceosory pigment C'ell~. Tho 

rt:z:•et rm.d soeond ot the e c-orreoponded tc t! e ·..,i~ ~ . 

!n ~ c!1 ~1.jli t, 

'· I l.!l. 



eacl' ,,_.,it, in. addition to the ... e, four celle· o'£ n. t ; il•d 

typP CC\.il'l'ed at the up:pPr ends of the prox tr:tc:l r tin 1 

cell . '1"'1coe nr not represented in Ucut is;ertr~obor:t.~ 

VE>rl ccf';:' ( 19?5, P• 32} -~Ct!cribed an nrranee~il :rb 3irJilar 

to tl1 t of' .Ademoamt-r, w11 i le Hanstr5l'!l ( 1934)!"( un.d 

simil ... ~ .rr ngement of three ~et& or p1gm nt cclJ.s ith 

n 11 r Cl'O but indefinite nur.tber of cells in l!J...~~_g_o~ 

and~ ~uopoda. It ie :vrobe.ble that ae t1. t1"'" 

cot J. c • ~ eyes of other .I•t!l.L'Opods 

ie not " fixed pnttern or arrnngement or the ·igr.Knt 

cellr c"mracterietic of the Ocutigeridae bu.t t!1:..1. t ·t~lolr 

nurat( atvi ul•.~.·angernent is determined by th cloaeneao 

of p[ cl:in~ or tl1e eye units. 

The 1J···- p· 1gnt membrane. 

11. thtn. continuouo, cuticular baeenklr:.t 

meml>rr-ne tn eecreted ot the bnsc o~ the eye 1~r \12: ly 

parar c•l to it ~:? eurf"e.ce. Through it the r e tinal 

cellc: c· continuous it.l the ner•ve f'ibreo. o i n 

the t m>r.)und eyes of other ·.rthropods, the 1• r>t in 1 t'!clla 

apr · 1." to be. the gE"nerr.-t1IlL c~rtcrw of the opt i c no.:ve 

f'ib1·~ c·. Pigment ~rnnules nl'e scattered i r:. . 11 calls 

nlcr.£ b th sides o:r th~ r~bl"rme and it was !/ coun:'lbl.y 

their .ucl.1 wh ich I-ackard (188~, p. 784) rce rdcd. o 

t he n -.;lui 01, the coru:ect ivc tiunue, o1 .. u11ic!1 he CO.il· 

s ldc.. d ;i1e membran<,; to be :rormed. 

·a seen in ficurc s~ the lo · c: . .> l oye·r 0.1. ... 

/reti nal 



cello io cleEt rly continue d throur-h the b at e M. 1: me ;r ·ne 

int t~1.... ne1:Vc f i br~s r;r the optic nerve. I!! 

lnyel o..~. retinal cello coulu not be traced i n tr ncv r se 

eim1l difriculty occu~rcd. In cc.nnect ion . _ t ·l thiu 

... p c i deQsamer (l8S3~ v • ~75), however , : t. t 

he 11 ecn more fortu~~tc than Grenachcr i n t. ~ i.~ the 

!'ibr .. ,~ n along the out.cide or the lowt r 1 ..yor of cells 

and ~t·~I~cd the upper cells a t tl1eir lower mv. gl :w . 

,ltb' t 11 t ile •. e fib reo COPld not be traced i n the ncctions 

it i cl r that they must £ollow a cours e c1 .11 r to 

thnt Ci nc .. : ibed by Adem$emer. Proximally tc tlto b . c nt 

memb • ~n t~c :f'ibrea or r- e in.glt. unit unit -, an run, 

tbrcu~ :~ .... l1{;C snort courec or the optic nerve , into tho 

optic r: nglion. 



b . out . 
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Body cuticl e 
oute:r homogeneous l Ayer of the cornea. 
Inner lam1natec1 l ayl'3:t of the aornea. 
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c. f . Irre~ularly hexagon~l corneal facet 
i.e. Thin auticla e~l~rnt1n~ fao~ts 
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o . i . l . 
c . c . a . 

o . o . ".J. 
p . o. n. 

F11mre 46. 

Thin outd? oorneai l aydr 
Lam1nateli inner layers of oorn~~ 
Se~ments of the cone 
(val"yin.g in number in different omtnatidiR) 
Granular cytoplasm of the Piiment o~~lls 
au:rroun.din" a.n<i in oontaot wi tb thtJ con.es 
Kembranes Hepa.rating the seiments of tlle cone 
duoleua of th~ aooeasory pigment cell . 



Figure 46. 

An Qbligue s~ction thxcuah the cornea of one ro~ of 
uni.to and the uppe r r e,1ons o:f tlie cones ana thfl}ir . 
~ouncUng p1gment eels o? eucoeedipg rows of-units 

ll,i C':''lJ.SCOp,Jf 

4mm A~ochromatic objective 
X 20 h~aloacopic eyepiece 
Camera Luciua cir win" 
2 .5-3;, section 
(~ra~in~ r~enlar~ed before photogr~hy) 

pr,3paration 

Ji'ixation Susa' a flui '.:.i. (2i hours} 
~~ddin~ fhrou~h white 04darwood oil in 58 de&rees 

•Pt. wax 
H~1denhain• e haem~toxylon in Li f'ht Green 
Thro~h Toluol in Tol- alar1te 



o.o. m. 

r . u . c . 

T. u. u. 

r . va . u . 

r. c. n. n. 
p . r . c . i . 
n . r . o.o . 
r . c . l . 
r . a . d.. 

f.il\Ul'e ~ 7 . 

Sec·tions throu ~h the con~ c ho•i 1n~ l't3So~o1;i vely 
6,5,3,3 and I segm~nts 
Mem'!Jrane dividing the oon"3 C13lla on·~ from 
anoth~:r 
Rhabdorn~res of thr., upp .~r l<'iYf!l' :r~duo ;;'l to form 
a th1n oontin~.Aous ln.y:.ll' sepr:.:rntuel from the oom 
cone by e. srnall a.pR.ce. 
RhabaomereB of the uppP.l' layer only p11rtly 
oompouno..ed to form a thin laye:r round tll!~ oon~ 
Retinal oells of tb.r~ u:r.p~r row nutnb~l·in~ 
~ . IO, IO, ~~ II in ~ to e respectiv~ly 
netinal cell nucleus with nucleolus 
Inner pi~lliente<l region of. t.h,e :retinal cells 
outer pigmented region of the retin~l cells 
External lobation of the retinal cells 
Internal divisions between the r e tillfll oells 



...... - 1· 
• IJ 

laoholic Oorroaiv~ aw·li ~ 
Uoable 112b· 1 .. in" in an ther- l!')obol (?b; · 5) 
solution of o~tl.l01!).1n , throu h mWlJ in 
SO ~ gr~o•s , ~ t . ax 
Be1d n~ in'.; l:ron s\lum lm ·a 'oxylon 
Li h'\ G;rr:en. . 
'rhrOt.l.,h toluol 1n 1' 1- 0lrrr1 t+l 



\ 

r . c . u. 
l· · o.n.a. 

p . c . n. 
r . c. n. n. 
r . o. pFY: · 
r. o ~p . o . 

s . z ... 

rb . o . c . 
rh. o . c . 

o. c. e. 
r . oo . 

Fi"u:re, 4;U •• 

Retinal call of the •l:PP~~r layt:;.r 
uat~ aooensory pigment oel.l. ro1md uppe:r 
pB.:rt o t oone 
P lt,'l!le.O.t o$ll nucleuB w1 thou~ nucleolt;s 
Hetina.l c r.:ll nucleuG 1 th nucleolus 
lnn~r ~ia~~nte~ part of the retinel call 
Quter pi~rnent(3<1 XSij;iOn Of the xoetina.lcell 
Oleat m1ddle r··~~ion of the ret1nt~l e Hls -
faintly, r1~di.a.lly str1a.ten 
Scpara te rhn.bdomn-ees out obliqU~"31y 
Rhabdomeres more or lePs ooal~sce;i · with the 
divisions still v1Bible int~rnally 
cone spenta 
Region 1n whiob thf:! r1Rut ~llt J:ind Upl)"!!' l'P.tinA.l 
cell:3 pass into one anoth~r. In f'Ome c"\ceo 
the bounda.ri~s Are distinguiBh ble - s~fl 
figure 52 . 
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r . c. n. 
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t'. cz . :.;- . o . 
s . z . 
c . s . 
r. hl~ · :3 . 

~~tin,~l oJlls of thl! upper l;tY'H' 
Hevin·tl Ci3ll nucl~us 
Inn~r pi~m·:nt ~d p11rt of th~ rt:tin~l c ell 
QUtt:J r II II 't '' 

. iddle r:~~ion f a:lntly r;tria.ted 
S1n~le aonA s0~ment RL th~ bas of the cone 
Sepr- rF·te rhabdom ares of the retinP..l o ~lla 
numb~ring 9 and IO in figs tt a.nd '6 
ltespP.otively. 



4!~!i:~rom~i1o obj otive 
.ao l!oloaoop1o fl;fepiao 

c ;toa tuo1c1n l:tawin 
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Prenarl't11ln 
· t.'ution ' t o moy • s tlui ~ 
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lictid nb in' • Xto Alll'" ha ato~rlon 
ftC) r d•:li 'lX IL, 

i'.unt,1!&, : 'tbrou h Toluol in Tol- 01"11'1 t" 
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r . o.p . o. 
r . o . p . l. . 
rhb . 
o . o.a . 
a.. p . c . m. 

Fip,ur~ 50. 

Retinal c~lla of tht3 upp~r l;_y~rs 
'' '' low 1:r " 

outer pi~aent of the retinal cell 
Inn·::~ •t n u 
Hhabdom.:'lreo B.! p~rent~y oontinuou.s 
oone aegr~1r.n ts 
!lain a <JoeSS()l'Y pi"ment C9lls . 



·b . thro 
lay r 
.,. flll'O~b tb, ... upp 1' r .tin~ l lnyex Jw: t b•=lOtt t n·, oone 
d. tlu·o b 't e upp ~r r tin l l ay, r Juat a'boY'l tll•j ha e 
ot th1~ con~ 
e . t •a • At aucoe ~1 v ly hi h :r l v ;Ill ~h.tou h tb~ con 
h . 1 . j . Thr\>u h th con. t..!lci tal>~· ace .& ory pi ~· ·,nt 
0 ll • 

~---.:.,_. 1, 
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: ua •a solution 
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• ·P• wa..x 
: Li ll't re.,n ( JIOtm'l'l l-l u. tor p1 Vioua) 

-f~J<Arc. 
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A. 'l'h:ro~h thf! five oelll"d uppt.,. r r~~ion of the lo ~r 
ln.ye:r of :r~tinal c.:0lla abow1.nc' th~ rl:la1'>dom RS r 
nentagonn.l, aolid atruotur~ . 
8 . 1'hl"ou ·h th~ sam~~ r~t.!ion or sli,;htly l<>1 el' 1io" n 
showint~ the r.habdoo~res an oont:t.gllOU9 but arranged 
armut R. cent J~a.l lu.rn ,n 
o. Lo•~r do1vn thTOllf5h the tour oelled. rag1onof the 

-~owe.,. tow of retina.l cells nhowing the rhabd.om a& a 
solirJ, SQ'lltl'e etruotu:re 
D. 1!hrou~h th~'l S?Inll :tr)~ion showinr' tha rhabdome rae 
6.8 contiiUOUE\ but ;,:rranled a.bouj;· a cant:ral lllmen 
L.r. succeaeively lowmr s~ationa n~~r the bnse of the 
re~1nal c~lls of the lower lay8:r Rhow1n~ th~ 
~hnbdoroeree n~ a,arnte structures 

rhb. 
rll . 
r . o. n. 
r . e.u. 
r . ~ . l . 

r. c . d. 
r . o. p. i . 
:r. o. p. ol. 
s . z. 

Rhn.bdom 
Rhabdoll1ere 
Ret~al oell nucleus 
Uppe:r r~~:tina.l cell.) 
.ll~xte:rnal J.obations sllowin" the d1 visions 
between the loiter retinal cella 
Internal divisions l'etweAn the retinal cells 
Inner piimented part of the retinal cells 
outer P1imented par·t of the reiiinal cells 
wtddle clear zone of radially Atriat~d 
oytoplaam 
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0 . h".'P-
p . m. c:. 
c . c . 
r . u . 
~. 1 . 
r . c . n.n. 
tJ . 

rhb.u. 
:rhb. l . 
b . mp . 

n. f . 

Corneal fn c '~t 
C<J rneal hypoc ~rm 
l.tain 'teo ... sao"'y pigrcvmt cell 
Oone ~el{mm1ta 
Retinal C(}lla of the "W.pper layer 
R~tinal cells of th~ lo er lPyer 
Ret inn.l cell with nuol~olus of nucleus 
Bounc1al7 b~tween the t wo ro1'9s of retin'~l 
cella 
Rbnbctoru of the upp~r row o! r~tinal cella 

" lower » n n 
Baaement m~mbrane oovered ~~tith uppP!' and 
lower pi~m~nt lay£rs 
Nerve fibre continuou& through t.h~ basement 
membrane w1 th the retin~.l cella 



sa 

4 A,1oohrot tic obj,~ctive 
X 30 Holoacopio )'cpieo 
~ era Luoit dr •1n 
3 'II eectlon • 

.f' ~eparat1on 

Aa to~ the eotion in r1~ute 51 . 
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Part II 
I 

The relationships of the eze~ of Sout1geromo£Ehl tg 

tbOS§ ot othmr Arthropods. 

A comparison or the eyes or 6eut1gero­

mor:pha (the only Chilopoda possesaed ot ncompound• or 

rather *pseudocompound• eyes ) v1th the true compound 

eyes ot Insecta and Crustacea and the eye ot Xiphos~, 

shows that the eyes ot Seutigeromorpba are or a type 

very different from that found in any other Arthropo~ 

fhe1 ~e anatomically and phylogenet1call7 remote 

from the eyea or Xiphosura. ln the grade or their 

organisation they approaeh the t~ue eompound eyes but 

in the details or their construct1on differ s1gn1t1e-.. 

11 from these. 

In their general form, structure and 

configuration the corneal lenses are similar to those 
. 

of true compound eyea but show a variabil1t7 1n 

different units of the same eye, which is rare 1n tht(.. 

latter. Where there are typically two corneal eypo­

derm cells associated with ench raeet 1n true oompound 

eyes, the number in Seutigeromorpha may be t wo or 

more than this and is variable. 

The cone in true compound eyes 1s formal 

as an intracellular secretion (pr1m1t1vely solid) ot 

a. small number of cells, constant in nuaber throughout 
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the 1 ength of the unit and the e-re a.s a whole. At 

least some vestigee or the eells remain round the 

sec~et1on in most cssee, and the nuolei are cle&rlJ 

apparent in the tully formed apparatus. In Scutigero­

morpha the cone rises ae an 1ntracellular, . :tluicl 

aeeret1on o:r a large number or cells. decr•a81ng in 

number towards the inner end or the un1 t . and VtU-Ji llg 

rrom one unit to the next. fhe entire cells and 

their nuole1 a~e converted into ihe s~betanoe ot the 

oone in the adult. The component parts of the oone 

~pparatus a~e, moreover, not symmet~1call7 arranged 

'hroughout the eye, or even w1thin the1r own unit, 

so that seotions present a more ragpd and irregular 

·appearance than seen in the e7ea or In sec te and 

Cl'uatacea. 

Perhaps the most striking differences 

are ln the retinal cella. In bo\h cases these are 

pigmented nerve end cella, ~ranged !n a ret1nular 

group, about the axis or the e1• t1trl. t , and bearing 

rhabdoa structures along their inner. long1 tudinal , 

axial borders. In Insecta and Crustacea there 11 

typically a single row or senae cella, extending 

rrom the apex of the cone npparatue t~ the basement 

ae brane and oomprle1ng a amall fixed number or cells, 

(eight or less with tew exceptional oases ) ~ constant 

1n number throughout the ~Je , t:m.-1 throughout the 
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aaJor part or the length or enoh unit~ although one 

or two or the cells are sometimes reduced towal"ds th 

base. (!.his or course excludes the peculiar double 

larered arrangements round in some Insect• - see~~~ . 

In contrast to this the retinal cells in Scut1gero­

m.orpha are arranged in two superimposed rows, the 

lower occupying approx1mat 11 the position ot the 

retinal cells 1n true compound eyes, and the upper 

surrounding the cone throughout its length. The upper 

row compr1ses a large and v r1able number of cella 

( eight to thirteen ) constant in number in any one 

unJ.t but va:rpng tbi'Oughout the eye, while the lower 

row comprises tour or tlve oell8, reduced to two or 

three ~t the b&ee of ~~eh un1t. 

~he rhabdomeres 1n tne compound eyes 

show a Tery var1 ble degree ot concretion, but what­

ever the torm or the rhabdom to which they give rise 

this is conerat~ throughout the eye~ concerned. In 

Scut1geromorpba the aegree or concretion of the 

rhabdomeres, 1n both the upper and lower l-ayer ot 

retinal cel1s, varies considerably v1th1n a single 

eye. 

fhe pigment cells, always a variable 

feature ot the eye, do not d1tfer significantly from 

those of Insects and Crustacea. 

From this comparison it is apparent 

th t the ete in Scut1geromorpha differs greatly t ro 
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that in Insects and Crustacea. 

It the ancestors of the Chilopoda 

inherited a general ~endency to the tormat1on or a 

lateral aggrevate eye, vhloh tendency appears to have 

been present at the b .se ot all other main Arthropod 

stems. it 1a clear that this has achieved an express­

ion very d1fferent fro~ that in any other extant 

Arttu-opod. 

fhe sal1Pnt characteristics of the eye 

1n Seutigeromorpha are the large and variable number 

nf th~ cella oo~nr1s1ng each part of theEfe ~nd their 

subjection, at least in the ease at the cone and 

retinal cells, to a severe overcrowding, aecompnnied 

by a tendency to elimination or cells a t the base ot 

the eye. the 1natab111 ty or ths structure of all 

pa~ts ot the eye seems to indicate that this 1e or 
rela~1vely recent evolution or of deBenerate origin. 

lt is possible that the differences 

between theae and true compound eyes mPAY be secondary 

and due either to the degeneration of specialisation 

of the eye in Seutip·eromorpha. Al ternat1 vely the eye 

in Scutigera maJ be or an enti~ely new ttpe and form­

ed either as a single, complete, new structure or by a 

coalescence ot units possibly resembling the ocelli 

of Cbilopods. These suggestions are discussed ln 

turn. 

There 1s no precedent e·-se 1n other 
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Arthropods tor supposing that a eompound eye of the 

tJPe in Insects and 07U•tace~ on degeneration ( or by 

any known process or specialisation ) could have 

iiven rise to a structure ~esombling that in Seut1gero-

morpha. Degeneration or a compound ere is known t o 

rroduee one or more onwai1dia of simplified structure 

but there is no indication that this process has eTer 

produced an 1net-ea&ed number ot eone c&lle or a ret1nul a 

group at once so large and so elaborate. 

!he eye, s1nee it 1s apparentl7 not 

derived by degene~at1on of tbe eompodnd eyes or other 

Ar~pode. ust presumably have ar1~en wither as a 

separate. entire, new atrueture or by an aggregation 

of separate units. 

In view of the dissimilarities betweea 

adjao.ent e1e unite and the distinct indications ot 

unequal reduction or their ~ells ( dn~ to severe oYe~ 

crowding >~ 1t seems probable that the eye unit& were 

at one time separ te nd la~ger than at present and 

that the eye has arisen relatiYeJ.7 rec&ntly by their 

aggregation. 

It is at least possible that the units 

from vh1o.h the :;)out1ger1d ey"-'were formed were of the 

type ot Chllppod ocelli . !he ehangea 1nvol ved 1n euah 

a transformation sre dealt with NOr~ fully in the 

Appendix ~ ·.. .- ' .. ' .. after a description ot the 

anatomy ot these ocelli. 



In this connection the eye of o~B.Qr 

Arthropods g1 ve little guidance as to the probable 

course of evolution. Among the remaining Arthropoda 

( as is pointed out more clearl7 in the appendix ) 

there is no ease known in which i~ can definitely be 

claimed that the ere ha~ arisfJn relatively recently 

by a c~escence of well developed ocellar units. It 

1s possible ( as Wataae (lg90) holds} that the aye of 

Limu1ua w 8 developed by n coalescence ot units but 

the evidence for thls is not very satisfactory and 

the resulting eye is totally unlike that of Scutigero-

morpha. Any such coalescence which might be postulat-

ed as preceding the formation of the compound eye 1n 

Insects or Crus~aoea must clearly have taken place in 

very distant ancestor, the product having become a 

stable and tell established unit in the vaat majority 

or e· ses. 

It hae been suggested as possible that 

the eyes ot Colle ~ola and Lep1•mata, however, may 

re'ta1n the impression of a pr1m1t1ve formation by an 

aggregation .ot separate unite. !he e1es are similar 

to those of Sgutigtra in possessing a well defined 

upper rov or retinal cells, !Ur~ound1ng the con~ 

throughout its extent. fhe cells in the Insects 

d1t~er from those in Soutigera 1n t heir mueh smaller 

number and in the fa ot thet the upper row is not 
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coextensive with the eon~ but eont1nued for some 

dlstanoe below t4h11. (In the remainder of their(, 

etructure the Insect e7es are of the true compound type 

and d1trer widely from those ot Scut1geromorpha ) . It 

the posz1bll1ty, tht~tt the rat1nal eondit1ons in thctse 

Insect eyes are primitive, be accepted, ~e double 

nature or the ret1nula would be a roraation paralle1 

to that in Scutigeromorpha ~d the two e~se~ would 

presumabl1 have been prodUced in an analogous fashion 

- naDl:el.¥ b7 the aggregation and appreasion or separate 

unite. 

It is a~eh more probable however - see 

p . 3Q4 _ that the retinal conditione in theae Insect 
t." 

e7as are degenerate . Altho~ the ata1n line of the 

derlvat1on or these Inaect e1e1 is d1rect~7 ~rom 

Crustacean torm, 1 t seems probable tha t the eyes were 

secondar117 lost or eeverely reduoed in aome or the 

earlielt Insecta. In Collembola and Lepiamata, vhioh 

appear to have been derived from 'hese 1atter forms, 

the eyea were presw:nabl~ .. re-deYeloped from the 

remaining rudiments, w1 t.h their structure modified 1n 

acoordance v1th their degenerate origin. 

!he eyes ot Coll embola an<l Lep! smata 

oannot, tbere:rore, be regarded as having be£>n formed 

by a coalescence of separate units. the s1m1lar1 t7 

between their retinal cella and those ot Scutigeromorpha 
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18 probably auperfieial e.nd ~~1 thout relation to a 

clolliDon mode ot :rormatlon 1n these eyea. 

In conclusion it seems likely that the 

~ye in Scutigeromorpha 1s a secondary formation wl"th­

out near relationship to the lateral e7es ot other 

Ar~hropods, probably formed relatively recently by a 

coalescence of unit•, in the course or whloh there was 

s eeTere and unequal reduction ln the number or their 

cell•. It is possible that theBe units ma7 have 

resembled the ocelli ot Chilopoda - this is dlscusaed 

in the appendix after the ocelli have been describe~ 

!his coalescence is probably the expression ot the 

general tendencr to the formation ot aggregate eyes 

sueh as is present at the b~se ot all the other main 

Arthropod stems. Its mol"pholog1cal expression is 

very various and, 1n Scut1geromorpha, d1stinc~ trom 

that in anr other Arthro;>od. 
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conclua1ona-Ch1lppoda 

I . Occur-rence and type 
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• 

Lateral "pseudoeompound " eyes are present only in 

Scutigeromorpha. Scolopendromorpba and Lithobiomorpha 

are provided with lateral ocelli in small gro1tps,wh1le 

Oeophilomox-pha are blind • Except in Geoph1lomorpha 

l)lindness is 1"'8re and secondary. 

2 . Comparative anatoMl.~nd baaie plen 

':'he eyes or Scutlgerornorpha are clearly vet7 taemote 

anatomically and phylogenetically from those of Xiphosura. 

Although their comoonent units are of the o~tidinl 

grade of' development ~ these are veroy- variable and diffe~ 

significantly ~rom those o~ the true compound eyes o~ 

Insects and Crustacea. There is no reason to suppose that 

a true compound eye would , on degeneration , have given 

rise to an eye of' the tr1e o:r scutigeromor:pha. 

3 . Var1ab1~ity and evolution of ~he eye • 

The variability of t.he eye units t\nd their unequal recl.:tetion 

@:nd severe overcrowding seem to 1nd1cnte that these 

were at one time separote and larger than at present 

and t mt the eye has arisen relatively reeently by their 

approximation. 

4./ Degeneration. 
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M• Degeneration ~f tbe eye • 

The origin of the Chilopod ocelli by degeneration of the 

"pseudocompound eye " i s. unlikely. 'rhe ocelli • 

together wi til those of .Diplopoda 1 which they resemble 

close]¥, are stable and unitorm and appear to be a 

p~~ittve aequie1tion ot the two classes. while the 

"pseudocompoun.d'}eyes appeal" a ~lattYely reeent evolution. 

This is discusssed fUrther in the appendix dealing 

with the lateral ocelli. 

2· The poas1bili:.!l: ot"_J!.!l!L.-.2.ris!}'l of the ''nseudocompound" 

ezO!J f"rom.aggNU@ted units. 

It eeei!S pi-obable that the "pseudocompound " eyes arose 

by un aggregation of" units . That these may have resembled 

Chilopod oeellt is discussed :ru.rther in the appendix. 

In the remaining .Arthropods there is no case in which 

the relatively reeent origin o~ any form o~ compound 

eye from sueh an aggregation can definitely be claimed. 

It is possible that the ey•·s 1n Xiphosu.ra have been 

formed by an aggregation o~ separate units but the 

evidence for this is not very oatisfactor7. It has been 

suggested that the eyes in Oollernbola and Le~smata 

retain the impression of such an origin and that the 

double ret1nula has been fo~d along lines parallel.~o 
I 

those operating in the evolution of the eye 1n Scutigero­

morpha. It seems more probable , howevet- , thnt in these 

Insects the ·eyes were re-develo~ed ~ro~ t~e compound 

eye rudiment inherited from an early Insect ancestor 

/in which. 
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in which the eyes were aeeondarily and severel7 reduced. 

The similaPi ty between these eyee and those of Scutigero-

mottpha · 1a thus probably superficial and without 

relation to a common mode of formation. 

6 .Gener&l relationship~~ 

A tendency to the foP.m&tion of lateral , aggregate eyes 

appears to have been present at the base o~ all the other 

mnin Arthropod stems • It seems that such a geneNll 

tendency may have been inherited from an early 
it was 

ancestor in whicn/ present • Its a.preesion in the e-ea 

of Scutigero1,·o:rpha is one roor,phologically remote from 

that in any other Arthropod. 

( 



456 

Gener~l fivi~clm~ionn on the CoP.r.a.ra.tiv~ Ann.\om Ol"i in 
~nd Rel~tionsh1RS 0. the diffe~ent ttees qf lat~r~l 
Oornpound Eyes in Arthr;onQd!·. 

1. ~ -the differe!lt. \Y:QeA- of lat.er?~ com.:poun;,ct .exes nn~ their 
die·&r1but1on • 

'!'here is a u~.~r.u~ral tendency for th~ end o:rga.ns of the 

()ptio nerve to tt,.P.e tht: fol'm n! lat~rrl 1 u.gs;rogPte eyea , 

. hie b. al thcu.gh horuolo~oua in or:i rin • a.Kt' d.! verse in 

~tl'twtur~. 

in th~ t:rue, la t~rHl, compound eyes which Rre typl.m<lly 

&nd prird.tively present in Incects and orus tao en . 

The eyes of the majority of the Trilobites were presumably 

of the same t;rpe. Aao~r th~ ituryp"'er1da. a.om·~ or the eyes 

wer'"' probably of thie: typo , ~hile cth1;rs ( thot>t! of 

i:terygotiflae ) approt-tclled th~ oondi tion of the np&eua.o-

col!lpound '1 «yes of Xiphosu:ra. , :tn 'lfJhioh th~ units are inter-

ttediF~-te between ooelli and OMmP.tidi a . The 

eyes of foaail D1plopods, like those of th~ .~~~rn forma, 

tJtere presumably of the ocellnr type. Th~~ 11 .Hs _udo-t:!ompound" 

eyee of Scuti&eromorpha are omftat1d1n.l but diff 11r in 

th~ir anA.tomy f.rom. the lnteral eye& <lf oth0:r ~rthl'01)0do. 

In Arachnida and Chilopoda 1 othel' tha.n tJ1or s '.n~ntioned 

e,bove. lat~rn.l eyes are of the ocellar type. 

(These are conAider~d, together 1 th otb~r ln.t~ral ocelli, 

in the appendix). 

Sporadic ahs~11ce of th~ eye in A. f eo forro.,r; or :1. tA 

leEs throuchout an entire ottde:r or faoily is not unoomllOn. 

fhe l a tter ovnd1t1on obltt1ns in som~' 'l'r.ilcbit~e , in 
/some 
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some Apter:.r~ote !ns~cta,in Paurouoda and in s.o11.e 

r,ymi·hyla t1fl.d ln Geophilomorphou::; Chilopoda. 

na s~veral Diplopod fa~ilies . 1h .. pr esenot; of (11 lateral 

eye is olettxly a lfideHpreau and pr.1m1tiv+~ fea.tll!'t~ in 

A:rthropc<l& and it is probable that the absence of th~ eye 

is universally aeoondary, the eyeless f~l"ItUt l>ein I' 

ultima telt derived fror!l eyed anoeeto.rs. 'l'hie 1g 
t hose 

ce rtainly the case in"rua-ect~ an.d frilobi t,~s c:o:.C",orned 

and is vexy probably the ca~e iu the rem 1n{1~r vf tht~ 

blind t.roupa. 

ll• Cotnna:rh-tiv:e ftnH.tOZ!};t., __ ~~.Q..-~lana and .. J~nge P.{ 

variation of thenn n_les . _ 

In tbe oa.se of each cl?.as nn. a·ttempt haB bnen mr.d•~ to 

indio~:t<~ tlld primitive Pnd typ1cl~l form of th~ ~'J'") and tlle 

"lain variations ~<> lfhich it 11:~ subject . Th~ coloured 

plntAs 11luatrating ~he moat impol'tany of these f.;Orldit1ons 

indicate the approx1~ata foxm , number and relr tive 

}lOBi tion of the cells inYol ved but do not sho det~ils of 

tlle oytoplasmi<: or nuolea!' structure of the c~ll~ o:c- the 

finer etruc~re of their se¢~etion~ • • 

The eyes of Insects an•j Crustacea, a.lthol~h th~":.y diffel' 

in some respecta, and have a <ti!:f'erent ranu;' of v,•:t"ia tion_,. 

ar~ clearly forme,i on a common ba.eio plan which :rc:u-~ins 

rela.t ively stnble through. rn eno:tmouB number of ~'o r·!nB . 

Depar'\u:res from thi~ patt~:rn 11 euc:-1 as a:re repreael\t ~d 

uy the hyaline cells in Orustaoea and by the f.o:": of 

/the cone 
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the oone a.na retinal cells in some lnHects 11.l'e compi:;.rat1vel y 

rare . 1here is n.o necessity ~o suppose a. conve raeut 

· evolution of the eye in "these t"o classes and their 

similarity is presumably due to a cortu.aon oriiin. 

fhe eyes in the majority of Trilobit"'s and !n nanv of the 

~1rypterida ( 1n .EUl"ypter1dae) presumably agreed in strucLua 

• 1 th thH true compound -eyes and like these were a ta.ble 

and w~ll de-v-eloped ,the:re being no indication of 

the evolution of. the eye '11\'1 thin the lim1 ts of. the 

classes concerned. Tbe eye i n theae olnssea ~ould 

;;.ppea.r to have b een. inherited fr<>rn a diBtant. C01'lttton 

ancestor,in which it 11.'a.s already well develop/3d ~nd fixed 

in i nhe l'i tnnc e. ~he lHte~l even or Xiphosura are 

-..1thout near n.na.to ical reln.tionsllips to thoue of any 

t:xte.nt Arthropods. It is probable ,ho"eve:r, that. the 

eyes of P"terygotirlae were of this type , while the 

pr1aaat1c eyeB of aoue Trilobites may internally ~~ve 

apJ::roached the saae aonditl.on. The var~t.bil1tV in the 

eye units in I1phosur a, the coue loss and tha 1IlC-r~ase 

in the n\Ulber of tha retinal cella , ( lthen comt>a-red itb. 

the conditions of. the omm&t1o.ia. of true compound eye~ ), 

~re presumably de~enerate features . the 1nctea~e in the 

.tize of the lenses be in~ correlated w1 th a reductit'ln iu 

thf' o:reuniaa.tion of the undal'•lyirl.i structures. 

'.rhA lateral eyes of Chilopoda. Souti&e~morphn diff~r 

I frot~t 
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fl"om -those of all oth:~l' Ar-cnropo<iS both iu th~ p~ttr.l:n 

of tbelr ro:raat1on and in theil' e'ttreme vaJ;"iH.bili t~ 

n. degenaro.te formation . 

3. 11'axiation ot t ,he nxe within th.e _c}.~eJ!.._iu rel;tp,ic.n 

to the I?hY!Nre!Ul of th~ forma !n which these vari,!ttiona 

oocu:r . 

Vt thin ~~'- clans va:tiation3 in th9 eye structure nrr, often 

correlated with othel'" st~ctural di fferancaa . Ao is 

indicated ahovo ( see p.~e;b ) this is particularly 

nri"J2-J:Dnt in. Q:rustaoea. 1 t iS not bowev"r at al.l ..a~rked 

in !nsec ts • t~he~e tn~ va.r1ntiona in ·the uonr) 1.-n•l :retinal 

tt{lps-rent :refe!'once ~o their vhylogeny. • In TTilohit ea 

tho de~en~n:'ate , uchizocllroal eyes a.l'e :restricted tn late 

=--nct oth~:rttiae mod1fi~d fornts, "WJllilH the "' a1mpl~ If eyes 

are reotric'ied to a ~ro.6.ll t,troup of genera, which ~ :re 

otherwise neP:tllr related. Jt:aob. o! ~he two fo:rr!lo ~ asur.1ed 

'hy the eye in Eu,ypte1'1da oaou~s in association ith .,. 

otlv~r e'ttl.i.otu;eal feat11res ,who,;e coobinPtton sep~,ra t~s 

t hBse for.ms into t>vo distinct groups , ,.bO$ e v.ffimi ties , 

l :Ute those of their eyes , lie on the one hand ~1 th the 

.7.1phosul•a, and on the othdl' fiand wi tb the T:riloh3. t es 

r.n.d -~h~ :J..o?Je:r Orlls·tacev.. The peouli~1trie0 of t tl~: ey~ in 

/Xiphoeura 
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Xiphoaura ~:re in 1Wco:rdance ~ith t!1G somewhat ,i,E> olb .. t~ and 

EpeciRlised position of the~e forms . Atnonu the Chilo-

J>Clda. t11e "pseudo-cor~ot~n.d« eyes are reet:rt.oted to ~.!.n. u rder • 

-.hich on o tber ~rounds 1s ell datiued and aenar~t Hi 

fro~ the ~ema1ning fo~ms . Thua , althOUGh ihe lrtera l 

~yen a:r.e eubj~Jct to ada·Qt1ve r'lod1fioat1on. 1n. m:m:r c ~~see, 

l" llft ~\!'e . there!(}!'~ not tl :r~lia'bl~ :ind.,:t o¢ t "l·· phylor··metic 

r os1tion :ln any one fol'~, the var.i,ation in th~ir 

a tructu:re "'' i thin the 'U!!erent olasses sho~a a. ~en .,:ral 

rela -tion 1#('} tb~ mAin r.hyl<>ienti ~ t::ren\i a within tho· a 

.1• Rei~neration 2f the la.te~!!!,_£ompo~nd ~Y~tl.!. 

In vrust e.cen de~eneration of thl} oompouud P.ye r:1n.y r'"!sult 

in tile fo~mation of .l v r;r.r t> r.lnll numb ·~r of ~epara:t '!'l 

Ot1r1r4t:i.1lif4 but tile ch-:-.n~es are not su! fici~nt to omlViH"t 

the '!.llli ts into ocelli. In Insects de~enel'at.lon of t.he 

eye i s f long linea pa~all~l to "th,>se :follo~~ted in c:rus ·tacea. 

'but. in A.....pha.n.iptera t his ,<tppaars to ha.tr~ l ~d to the 

formRtion of a a1~le ocellus. In no case ctooe thP 

• In 

tr.ilobites degeneration 1n sohi:tcohroal and "s1t,f' l l~ ,, 

eye" is aloni lines parallel to those follo ed in -%Ust-

r cea ?.nc! it 1s therefore to be assumed tha.t th , p roducts 

"llt&l•e Ortl11Pt1d ia. r'n d not Ocelli. Da~-eneration into 

fiep P .. :r.·ate 11ni ts is not kno,.;n in ltu:rypti.~l'1d.a. • Th""'l'S 1 fl 

in .At-aohnida no olear iud1ca.t1on of ·the for. ati on of 

/the tYriCUl1y 
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Amo-n" the Diplopods the lP..'tf~l'a.l 

.· ocelli •~re n.ot kno . u to h:1.ve arisen fror1 anythin, · 

~the-n• than an oc:..Ult:.r Ri;&.Xe*'ation. It Eeeltls unlik ly 

t.h~ t tLP. eyes of Scutigero~orpha ~a.Te :rirse to the 

, (\Celli Ol o t h t'l' t~hilOJ>Ode , tlle lf'l.tt~r being a};parentl~T 

·.:.hu& in no l)a.ae 1f\ n conpound ~ye of l=ttl.Y kin<! de!1ri.td.y 

5. 'I'hu....nQ.ss1b.il~.ty; of t'Jla fo:rmu~\on 5>f th~~ cvmpouq.d~Z.!. 

from one o:r uore o<"!sll1. 

Tbe :t>e ia no ol ea:r int\ica tion in th~ ontof eny or a:nnto .y 

of nny p:irt of thP-- late:r11l oompGtLl1 eya in I11 ects. 

Oruqtacer- , 'lrilobi t~~ , fi:Ul:~pt~: :ri1~ {)1' .\ipl'o .. U:t><t 

t,f i. ts forl3~.tion fro:D. on-:; or zr.cre ocelli • 

Amona- the Insects th~ ey'Js of \J<...llembol n ~nd T.,eu1o e ta 

a.r ~ eor'u~'\imes Sl4-1JOSed :ta. interoediPt t-~ bl3t ve· u ~-

rour~ of ooell:i. find ooCtpoun<.: !!¥136 but their pem.U.inrities 

"" re r.1ore pl'Obably to be :re1in:rded as pn:r-;ly <legen.e:rate, 

hilo th~ J.~terfT.l ocellar &tl'·.Jup ... a of In}Jeat la:~e 

li.:t'e prob£:bly w1thou~ phylo~enetic impo:rtuil.ce - S{, r;; 

~ppendix. lf the eye of Liu ulua fl.rose j_n th·i.s 1\!~Y. 

f' S atase sur-rJoaedl there ls no extant e\ddence of t he 

E:mistance of aepa~te units in any o! th13 possible 

/ ~~n<!~stors 
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is lackin&• • In JJiplopoue there ie 110 :tndicn.tJ.tH1 

t~l~t th~ ocalla:r units at PJl!f time p:rodUotld n.n e:r~ 

oth1:~Jr thnn au ocellar Agt~re~tion. ('lhethfJr ~he ocelli 

e1·0 primi tivc.l!f s.epar11.ted or n~~;re~ated :i.l'l this clevs. 

i~ uukno"n) • In sp1te of "the aosenoe or 1\llY pr.eceden~ 

::Cin<l in other Arthropods, 1t seems probable that th2 

~ye in Soutiieromo~ha b~ arisen fro~ an aa re r.tion 

1 he ~~ye af.penrs to 1.~.£ ve 

6. The r;ene:ral :t:~l~tions!,l.1I?JL ~nd tha cour•ii! of tlle 

evcilutioL of tl.1es~ex~-• 
ihe true ooupound eyes of !nAeotG ~llli ·'1"tURta.caa. nnct. 

(probflbly ) o f Trilobi tsa n1·e built on ? col ··on brsia 

p a t t c;:tn l-1'6 fn.mmbJ.y inh~l'i t;;d !ron. ::-. cot~t. on nnce t:ra.l 
I 

~took ,in .bi.~h it w~8 alr::.u<iy well developed Pnd 

<Jta.biliaed .• In aoro~ of the ;~tli~st !nsecta th•; lnteral 

eye r.udi~nt ap7ears to bave undex~cne a v~rr oevere 

reducti~n and ita subsequent rcdevelopemen.t in Oc;llell-...o la 

and. Lepit~ar::.te bears tJ1e !~a.ekn of its dQ~en ·~:rl\tion. 

At tr.~.e base of the Araonuid ij tem t h e teadency to 

!ormntion of an ag~regate eye is p:reservetl but .nou1f1ad 

(in Pt e.ry~(Jtio.ae and Xip.nosura) by au incre'lsa iu the 

size of th~ len&$8 at tM wxpense of the un it~rlyi~ 

nsrts • In ~be !'emaining Burypt e:ridae the 
l tlat tened 
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of tl:.e condition in Pterye;oti.iaa 9 ~ltbough there ~ :rc 

uo J.nt~rnu~diata stagen to 1md1aa~e this ) ot m~y nave 

been inherited from a lotte~ O:rustt'ic·~a.n stock in \•h1oh 

In Xiphoau.l'a the peculiar 

expression of the tendency to fox~~tion of a lateral 

£t~·~Tegate cy·e 1a probably ciu~ to i tu f1.et;"n~ration. 

(In the remainin~ Arachnida this cyo is lost :;nd 

:rer l~ced ('ly ocelli ) • !be Diplopod eyes are 

reh1 t:i.vely }:.norly develOI-~d Pnc::. ho.ve ;:::robahly arir~ell. 

from a &tock in )tllich 1ibe la.tP.:L'fl.l ~~r~ x-u.iiment 

1t would uppear that there wn n a. bevwre reduotion 

Of th.e laterAl tjye l'Udi~ent in the &?UCeStl"Rl B'toO.k 

f t?.S in sooe of t hi.# earliest In ·act~: - to which thid 

stock ;w,s p:ronably r elated ) • This .reciuctioni .. tl.s s o 
J. . 

sovel"e that the eyee when tpmed f.:.nP-w hnve in : .. o.st 

onses taken the for.u of ocelli. 'l'b.e''co.apot~nd.'1 -;ye s; 

of Scutir;eromorphn. app.~ar to be n. more ren.,nt 'rfi· ... 

' econdc'try forraat;1on ar.loin~ f:rom the ?S:J,reg~"ttion of 

ln.rt;e ~epa~te units, exemplifying in Chilopodn .. he 

u;end:ral tendency to fol:'mation of <-n a.to:f-;ret;ate wye 
1 

but wi 'tho11\. near a.natornical or phylo~er\tia rel; tionablp 

to the l~ternl eyes of other Arthropods. 
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'l'.ne la.vert..l ocelli o ... .tSt..Ll'v )v-..b• 

in.cluJ.., s ~"' 1~ rae..1tion o:t.' t.Ll\. 1 .. tt.~·~l oc ... .1.l.t J. ...,c..!.L 

iuf'cr. etivn t.::;:l tne or l._.in .i. r\;olt..t.A.o .~.ani.t>..> 0.1. tile 

h. t ,a"'r J l. ..... J..iy. 

o.a. the co.~~purat4 ve anat~ ... · 0 .. ~ 

~ c.,~ a1·e ·~;.. ... ~I'\::l.·ora cun ~ Liere:i o -J:Y f ·v ... '-'~c_. as~'-'Cv'-' 

f 
S c.;.;~~l..J" tO _:...._ve t:)Q;1C )~i i'"..L11,_, C!l v -.G ~..,U>!~ti~,L~ !'a~Sea. . ,.. 

th.;se. 

,, l !~ 

' ) -:;;..~ ..... -""' .... ., 

w1 tn t he or ia;i n a uct relationships of Ohilopod ~yes . 



I· ~ter&l ocelli in Cru&vacoa. 

Cruott~.coa. 

• 't"t .... _ 
4f~5 

·oce.ili bt1t o: .. ly ~!to ... c&:io:taro..J. o ..... e.t,iUJ.a. T.ne 

rcduc<:d C01"'i}O .na ey -S v... ~c .1 C:ru.~ "'"-<! _c,.. is .~u or\,"" .... ~t ... 

c~lls may increr....,e oeyvnu. ~;.,nu 

t.)tructu.r~ vi..' ~!Cien.... ar...d ell 

Of/ 
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vexitJ c ... the eye as a \.:tole. 

c.. s.i.n..,;.l~ ocell.ls is no~ ..... u_J)vrte....:. n.:· f;.1 

~robably 'LO 0e l'e.;)<...r·deo. ~ aiZ..t>.LuceD. ~e\..Liau ~c&.~..~-i 

~~e Cal.J"''-~- (13 -iJ1 ~JJ· 8-..:e, 86~ and (I9II, p. 21 1 • 

1hus t.111er~ i~ lit. vll! 01" .u.C eviue ... c~ \'t .u .. UUJ. 

Gru .... tc...cec... 

--·-··- --- ·- -- -·· -·-- ·- - ---···--



1 . ...,"'""..:rw -oc ... U:l i~.~. Ll.Ject.s. 

C\ . .I;n ... cult:. !J.:.::: .:;Ct..:: 

It h<-.... a-tread.: l:.h •. Cn jvJ. •• ue .... (,{J.t, ·~-..uut. vil~I·e 

ar Gevoral Ct.. o. l.n v .. ic~1. t;!..!u l<...v-.i!rul Cv.J . ou.ua. 

(t. ~)ict..l.!..y 6I.J.d. pri.tit.i'Jvl~· _>1' s .-.t.. l!. Iuv ... c·t.;j) w .. ~ 

~v l.'cr t . .-l~-- t. . t" re..;~ t.:U.l-> c::.y ..;;;;, .. r~ pi~-10• .~.~ ;;.pvl..t, 

J.tb. •Ji'~Cticull~~ uo o:r~ .... ~---~~·lh.t. t..t..'-.~.Ct,v._·u c.:t. all. In 

.• _)h&:d }t ~1· ..... i"r; (....);Oar'S ·t~h ... T.. v-U h J.U_,l. t:J;fv w .. ic. is an 

oc J..lus, .)J.-; ... ._~b.i. . • Jrou....tt.;c:~ uy ~·~. ""e,.j~ t:-L~J.O.h. \.# ... 

t.~.e cor:nound 3~ o, carrie:;o. ;.urt.h~.t.' c ... .m.~. J.Ii ot,11, .... r ~oros. 

~&t.. ..... ru ... -~& ..:>ut J0.3t-&.! .. t-.. .uwl ~ .. ..,t:: '"'I'..;) ~· ..~.ue 

n "1~- o..:..;;. 1-..t·-r .1 ocelli .J.o-~.·. ·.LJ ~ ..... , n "o..::c..L,l~r e'-' .... _Jv 

.Jye... u 3 \, ..:;ll ..... ove o _.~~..1 ' .. lt."l c1~-s 1.- _;<...cr -~ .. t ~ ... dA.> 

- . .:.d u- -::le . .rly :1o"' de_;e:ter.:.t.e.:.) 
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in aault Inuect 

.. xe nv in .. it.;<:..t.lo.Iw in the EJlatO " ~a· 0 .4tV.;..> j,.l:l" OJ. ~.-•• e 

.:..o.~.ot..ticn of t.n c )OW~u. .iJ£ l.'- 4 
. ... i ll....;>l<.. OCt:ll!m 

or frvU 8. ~rcu4J v• v~~ .... li. 

... .. -Y~i;, O.i.. CvlJ. !;..C.U • .~o.l.~ <....1..1. .. L-v.LS~t." COll .... t.Lt 

h 

.:~~e 0 . 304 ) W.l \..•.:. ... •. 
1.1 . .... v. . .40~~ iu .... >car ... ..;ro;;;~J.. ·• 

is.lt.:~ 't1.~.(;;sc ..;~ e. ~'e d.e_, x:.:;r" ~~ a .. 1 ... ..... at t .. t:.: u. ..U1.. 

------ - -----



2. Lateral eyes in In~cts • 

~-~--I.n2l}e larvae • 
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Amon0 noects l"'i th e c 1mplc te rootamor hosis the 

larvne ere typicall.v ..,)ro\\'ided with a s17all gi.'oup of' 

latera l ocelli. Such :runcttont• l precursors of' thc.. compotlnd 

eye s ~ whtch are in these cases first differentiated 

in t.he pupae ) are of course not represented in the 

devt lo ... r.en t or 11~ ti.imetabolous rormH • where the compound eyes 

are 1 irst dif'f'erentiated at e :rair·· y e~:srly stage in the 

nympha. In & f'ew caoes in 1'1p tera • uecoptera ~n"' r.epido-

ptera compoun<'! eyeo arc precociously d i:rf•erentinted in the 

larvQe but thic l~ cxeeptionul . 

trhe number of ocell i in t !.e group is smell .. 

usually not exceeding eev~n or eight on tach sid of the bend. 

1 he number i s not :fixed for t.he species but varies within 

fairl.Y nar i"O 1 i mi ts • 

.:.1 .. hough thcr.e oc~lli are oll developed as end 

opgana of tt.e optic nerve , they a re mor)r.ologically 

very ~iverse • Tbe di~fe1~n1 types ore distributed vithou~ t 

ref'erences to the _i.>hylogene tic rcls.tionshipn of t .... c : ormc 

which t.hc./ occur. 

'£hese eyes vary very eonsit1erably f'r-.)m &impl~. pig­

ent Si>Ots to ~ tructures I'csembling the o·"··not i ,Hn of 

compound ey~ s • '.>imple pig'TJCnt. s _.ots -\.pre&llmubly 

· / merely 
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I!"erely capable of diot i nguiehinp light from dar k ) are 

found in Cer~topogon (~iptera) according to ~erlese 

(1909 , :r .. 636) ancl Tim!lG ( 1 9:34 , :p .'79 , -·ip . 78A). -:'he 

ey~s a~e renuced to a ~n1r of visual cells with two 

surToundin~ pigment oell3. S i milar eyes have been 

re9.criber 1"1. ~astro-prieha. .. and Arctia {Le:pjdoptera) by 

Comqtoc~ (1~5~, p. J ~f - 137). 

Vory il"lple ocelJ i, witl~ a small numbe-r of' ::ens~ 

cell~ prcv1dec ith ~i~le, unas~ociated , apicnl 

rhab~o~~res -· {the whole prosu~ably capable of 

dirt i nf'Uiehine 1ight intcneitien) -- are found in s ome 

casef'l., a., in ,.,ipu1ida.e - nee Constrntinea.nu (1~30) ~nd 

Snodvrns3 (1n35, ~. 537, r ip ~PCA) . 

t'r.tue.J l.y, however , the eyes nre ~ o,.~ellhat better 

r~..,.vel or"::rt . Tn sn~e caRes t~""e retinal c~llG are d isposed 

in trP. -rol"m o'f a pip:ncnt oe":-er, so th<'t the ocellu~ is 

nc]P.Ctive, in tr~t t~e Pen e QellB receiVe Ji~ht frOM 

certain <'lir~ctionr' only . '!'he r-=ltinal cells in 'Pyti f" eus 

are t rrn.n["ed in thio f"'· ohi on { se~ I:"or fl cheldt ,1 124 .p.3CJ~) 

Tn m~ny er-5eu the diortric app"lra.tuo has been 

eJrtborated ana the retinal cells ht:.!.Ve incren.eed in their 

feryth ~nrl depree of orgnnisation, ~o that the ocelli are 

~ra~umably suitable ~or the nereept ion of ~cvement or 

rossibl\"' the forrn.tion of crude i maP"es . 

~~e ~J.r'l'hol"at ion o-r t.'"e cioptr'c rv~te'!t' con"'iPto in 

the ~or'!"'lation of ~- "vjtreou .. "body11 tc euppJcment tho 

/<":orneal 
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cornea l hm~. '""'h is "vitreous bo~yn mav oomprioe c. small 

number of trnn~pnrcnt , sc,tt ered r.ypoder~~l cells lying 

below n poorly oevelopcd l en~ . a~ 1n Culex -- aa deccri­

bec by Conat8ntineanu (193C) - oec Pnod~rae~ (ln35, p.53[ 

-.. noo) ' l.g. c;..t; l • In othlr c~ eee the hypocerm cell~ form 

continuous , thickeneo, tran£parent I nver, either poorly 

(~nvolo-pe~ Q(l 'In ""-eluf'ina f :=-ir::uJimn) or wel l f'ormed aa in 

A.llantu!l (1onthre~ini<1a.c) -- a<- doecribed by 

Constantir~eanu (1~3C') ~nd Corneli {l'J~4). !n the more 

~ju.hly developed ~orrne r ore o~ the hypodermal cells may 

~ive ri~ to a r.olid or fluid f'~eretion, re~embling the 

crystalline eone of Tnsect9 compound ey~~ , but differing 

from thie in t he r ol.::nc'ed form r~nd ( f"onerally variable) 

number of t~e cel l s -f'rom whiel! it riPer~ . In 

Chir.ono' i~:.e r;ucr o. nvitreous bot~Y" is pre- E;ent nd io 

'forr.!ed :fron four or five c e ll r; . (H. cee: .ner nte ocellus 

·ithout tba v1 treour bocy often nccornpanlec and i e 

a tta or.cc to the f ul l y develo-p~c Btructure). 

fnod~asr (19~B, p . 5~8 ) includes . fi~re of this eye 

in his survey cf the ln.,..val ocellj. fl. V~"ry s1c 11a.r 

{leF'cribed in ·vnnlion (see :~erl~se [190?, pp. 653- 654, 

- ~if" • P0?]) a.nd in so'Nl rr-ricopt~roua I. pi~onterous and 
I 

Coleoptcrous for t (mentioned in conn~ction jth th 

eo~ound ey~ --- seo p. 303). 

A ~ore elabor~te vitreous secretion c:de up of e i ght 

/parts 
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par to ie 1'ounC. in ,. " lia · a der1cri bed by T'esc o { 19Cl) 

deecribed 'by i~orf\'chcl.dt ( 1924 • p . 3~ 1 ) • 

~hue tre PU~plement~ry ,rioptric etruc turee of the 

eyet= of !m=~ect~ va ry fro~ u very ~:i'J?le ,oc~11ar typ_, to 

one in eo~e rerpl'}ct. reqcmbling tre con(1 ition i.n 

correFpon~s to t r.P t cf th typie~ l oonc jtion of tho 

01" r• t 1 f :f a • 

tend~ney to el bornt i on. 

In o e ease~ . us in <:<i ljs, t'hil'l results in a very 

oPlla in t~ i a c~ ~ nre . r-an-ed in t o conc ~ntrie Etrata 

~ n _,ich tr.e rh rro""~re , r'lthoup-r. '!'~ a i n ifl{l .. r.iea.l, arc 

concl:ition of the retina l c~llo i u ho~ev r (1' _ne,·a lly lens 

1 orr tA ~h~n t~ie. 

in conti nuou'"" J. ry~r l 1;:o-}o the l~nro. ·~he cells arc not 

a.~floci"t d into groupe ~nr "~-e .r s .... 11, 3.c::-parat~ , npical 

-·r.:: do"'~ere • r ~uction in the nu!'11:er of th~ retinal cells 

... nd t~·· tr oc'Ylver .encc to; or arrcmgement a.bout. a t:inp-le 

; f ~t~ d" t ~ b~ ~ t d t th i :r._tt , . 1 a .J e':!n ,.r-a._,.,.J.O'"Lre~ "'~r.ocj a e .o(7e er nan 

;r·orschel~t 
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!'orl!helyt {1')24, p. 3Q3) it i e.ppr·,..nnt thflt the retinal 

e~J.Je rnve b~?n ""'U~bed in""~;rnfl to t"orm D. CUP r ·elow the 

Jenr- <J>ni'l vitr~oue bony. "'he rhabeoneret·. whil<> remaining 

mocyholor;ioalJ.y apical and "epc rate, na in a t)'"Pical 

OCP.llUt , • - ~re so arran~ed t hat trey Jie 

along thP. $ide~ of a nar~o , c ntral envity. In thie 

a,..rangement. of -t."!·0 cell f' n"tout a E inglc, central, 

}O"'('"itn~in~l a:xie they~ ~~mble th o~tioia.l condition 

a.1 t"'"lour'h the yee r a r->orpho l oooicnlly d 1 et inct ~rom 

A o-re rdvane'!<l co"1rlition obtPin~ in th J:-rva.J cyeo 

of - ri.coptero., J epi ~opt r. an~ so~e l";ol eontera. 

(~~1¢c~idre ). ~~fl~e re~e b1e v~ry c1osely the eye of 

~olle bola ~nd Le~ie-~ta, dif~ering rro~ them only in 

th nu~b~r or th'"' oelle. inTolved in the fflrTI'\ltt ion of 

th ~ t'vitreous boC.y'' a.n~ in th~ nur:Jber of the retinal 

"' ' eells. (~he r.tinal cello~~ in IeniP~~ta and Collebola 
" 

~re in two Jryerr nut ~i~f~r fro~ thaFe 1n t~at th~ 

t'-r;>nPr ro t ia C(..!::pO'"~ed of thr e ann the lo er of fol.tr 

calla) - (See PerJ.ePe, 1900, -pp . 65~-654) . _hel!e eyos , 

. lthonp-,... 1 ua.Jly ""1')01rf"'n c:f af.!! oc~lli P.r~ t"heref'ora all 
I 

In ccnn,.,~tion Y.rit1, the Telation!:\hip~ of' the ll"teral 

larva l ocelli in Tn~eet8 t ;~re Pre two m~in nossib1 lit]ea. 

; ·irstly 



474 

- irrtly these eyeo r-a.v repre~ent tr.c retention of a. 

r•rimit1ve condition. indiea.ting the -ph:~::.ogenetic origin 

of t'he co!llpounrl eye fron 3P;?o.ratc ocellar un1 tr.. 
I 

w1tbout phyloe-enetic to.pcrt nee . one o ..... fer]ng no 

indio: tion of t·:e r,c~'e of' for1~ticn r·f the eomnound eye 

~~ece poa0ibilities ~ro eonsi~erod in turn. 

-~o an { nnto 1cal aopect it ic r r t 'her tempting to 

"dopt t~H~ 1 irPt view. Tn tlH~ 1:1rval eyas ".'here are 

i r.c ice. tions or nurr."'.rous atPres in Pnato·':ical tram~i tion 

::~t ;een a s i rJple ·.)igntent apot, a pi.pT.lcnt beaker ocellus , 

(Ji'ke t1"'".t of !ytiPCUf?.), 'l.nd an oceLLus ojffnring very 

lit lo f'r0':J <.m o" a titlial condition. ~t is f'"·irly ~aey , 

f':rom £'i.1pJ er 'for:"''r by o. dee.' ening o'f t.hc ret. ina Pn~ 

conroe\luent c~epr&ssion of the ccJ ls to :tor:m a cup, 

~~cco-prsniec by auc'h e1abor!t.tion1:1 of the accao~ ory 

diopt~ic rnf retinal 8tructurec ai 2ra common in ~ell 

dA.vcloped ocelli. ry '}.not'wr r:tep eyes of t1->e type of 

I,cpidopt ) rous lr rvo.e are ft irly r3adily derived f'ron 

thotJ of t::;e _.,.,yt. it'c~o _ type. Agrrego.tion and el one.:~ t i on 

of t}l~ l a tter would jeac to a reduction in the number of 

~en"e cella. "":;lonp-ntion of tbJ colls oight well ref;mlt 

jn t1~o. e at t, no~e of' the cup ceeo:min£' nearly vartiea.l 

an~ formin~ a lower lay~r ~eparate fron tne upper lqy~r 
r 

/<f."or!.1~d 
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forned by tl-.~ Cf"lJa alonf: the wal1e of the cup. :rn ?uch 

a tra.nsfo~~ ti on th~ r1~t'lbflo-ero£l wou1 d be er~:r:m out to lie 

in the axin of the eyo. -urt~er elonpation and 

r-pproximntion o~ the r~ab~cmerest topether with a reduct­

ion in t~e nuwber of cells compriain(" the vitreous bo~y 

v-ol.1lr co plete tho el": t.l nr"'e~ neeeoaary to convert a. 

~vtisouet coeJlu~;~ jnto an eye of t.h.., type of the 

Ie~i~optcroue ]P-rvae. (See Plate I9.) 

~he co~p~r~tive ~natow of t~e J·rval eyes iP 

tnerefore not i co ~otible ith n view of t~e~e an 

r~":'l"Ct~entinv an e'lrly phylo,..- -.netic rte.P'o ~n the fornw.tion 

of thP co.,cmnd eyg f"ror.t Pepnro.te uni tp. Tl'e fact that 

~oroible trace@ of Pvch a at ~~e h~ve been rre~erved in 

the dP.v.loprn~nt of the nolo~et bolou~ i~~ects,while 

t b P~ nre RbPe~t in ot~er r"~ects, a~ w.ll as in 

Crur-trcea rnd '"."'ri 1 obi te~, "'"li['"1-Jt r.e X:9laineo r-y the 

peculi~rly J nqt~ened 0uration of the ~qrly eta~e~ in 

the 0evelopment of there Tnu~ct for .F. It is po~Pible 

tr:.a.t th!E3 phyloP'enetic starre ,·: !'U'pposed on thie vic1;"'" to be 

rerre~enteo by the Jqrval oce111 ; i~ ~~sref througn very 

r pi~ly or iB co~l~t~Jy o ittoc in oth~r forms. in nioh 

t~n ~?rly Pt ~ eP in ~ v~lopmPnt ~~~ ~bbr~vint~o ~~c do 

not ~C~leV t~~ ince~P~~e~t &nrl ~CtiVe ~~iRtP.nCC Of 

.-ueh f' view c:f' tl:.~ l P-rV1'1 P-ye~ ,.. in~ionting t'he 

mo0e of for'"'~nticn of t.~~ eo .,nu!l~ 9"7e t~ 1(('HJ no account of 

/the 
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the f~ot that they ~i~~t eJl have teen rnon1fied by t~cir 

~arJy dev~lop~nt as functiona l loment ro that t~eir 

con<J.ition "r1 y no 1ollC'er be a.ny guide to the co~!·ae of 

evolut ion of the compound ey s i n Ins&.cts. 

In ooneidcrin~ 1..11e pr i !:'litivt:! or seconf'ary s 1gnif1.c-

anc e of tl1e larval ocelli it T:"~st 1:·e empha.Aised thfit 

J rvae are absent i n t he ~'or-t \)'. 1"'llitive 1na~otr .. ~·he 

is certa inly a(,aptive in rt\O.nv of its 'fe· tures 1 

er-peo i ally tho<H~ whic:i~'l , lil'e tr·e ey .s, are related to t he 

n otjvo coll ~ction cf fooC . Avebury (19o~ , pp. C - ~1) 

enrpha~ iaed the acaptive and f.~econC.vry n.:-ture of tho 

l arval norpr_o lOf!'Y - '*I t. i c evident tli t whil"' the 

e~cryonic envelopment of nn animal in the c g ~Y be the 

cpito'!'_e or its specific history, tbis io by no me .. no the 

cu~e in tvpce in whi ol'~ the yoPng fo r "'1P 1::1ve a separate 

and independent exirte.nce , where the fcrm of the young 

cepende larpely on con(litiono ; whi ch arc ene1·~lly 

oiffe,.·ent fron'l t.hoee in the ma.tur~ f'or:wa ' wi th th 

ehanp-ea underpono 1 n t to young due to i te i JCne<.\h te 

flbntever t'helr phyl ogenetic rel ationship to the 

compound eye , it is a ren~rkable fe~ture of their 

ontof(eny thn.t tJ~.e J urval e'-"On , even w'hen t 'bey a.pproxirr­

a.te to the conciiti(·nr of an omLlB.tidium, co not become 

elementt': of tte adltl t. co!"!pound eye . "'be compound eye is 

/inrcpen~ently 
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:nderendently fer eci "from the apif.ermis ·~nc: shows no 

h"lcns of ?. st.--o in ortogePy re~cr'blin~-: th~ J c:.rv4'1 

ocelli. :n s. f- · cat oc: tr:,_. l·>rvn.l oceJ J i a r e RP j d to 

1>c rcta.ine:. in th ; ~;.i'ul t r len"' -=- ~ tt: +,r~: coopot:'nd eye 

but t11oy ;.To never trnm:fc·ro C' into <J~,o.ticiv, '. hey 

founr .:.:- ruC ir:~nt. ;;.tt~chc!d tc t'-~ o:'+ Jc nervr~ aa in 

retzresG cc· :r.l ctely. '1'1:t· ·, rt lear: t i~ ontor-nny, the 

ubly ot<·cle p?.tt rn) ~110·.; · litt.J"' ::r·· n(· im'ication in 

i tn <fl.• to y or (iev~: op~ nt of ._....cr-:. ' io"l fro"!! '"'e....,n:rate 

comment. 

The cone i tion i '!1 t'·e e ey .. ~ i E n.J ~o i rt--r sting in 

p. 447 • ~-irce the };·J·val .. yes are _rro"t'"bl:"r to 1-e 

r n gcxrc'ed c.r s~cor;e ry anr4 a~1 aptiTe , U·e~'= 51'~"'il~rjtien 

It U: .. '" nlrerr'y be .n ro in:e,, out t"'at th:~ condition 

in I epism~·t.a o.n0 Colle,..bola 1£' •'rolmbly cegencrate 
/rather 
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~..,tr.?.r tl-·Pn :-'l"ird ti ve. It a~ pear£ pror ?'tJ e tr>n.t t!:ese 

~ e~ !-:• VP . ; ·i-ey; ,f"-rt•!"..,. pr.,.t:if'.lly ferC'nP.r~te eo'"1:pounc1 
~-

eve ruc1 ima"}t, r.~r-n1 ni r.,r- 5n f'C\T'~".f:P .. ~~t",..e ancestor~ tr 

. j'Tecociot·s 

o:rrocnj ed +o i"~tr 5."1 t:-~ ~in p~"'r'f" o-f' t"~-.-. t-~ult o _ t ir iuo , 
....., 

~!tl-·<:1•,.,.. t'--lrq ~- ·o.~1f1e~ . ~,t1 !n '"'c1} ~!:c-ln rnr~ J~:pi~ .:-ta , 

/.Althouuh 
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r.n i 

,..,...._or~,..,~ - f'C r.r+ " 4 •. ""'!'! ~·'ira. +(\. C",..•f".t,:' •. ,•,.· ... , nil t1--"'t, +_,.. y 
,, • t. . '·- • '• I -. . - - " ~ . .,. 't 

~Y<J mer~ 1"' . cc:!'F' r·ry - n<~ t "'r;r~~~., ,.~, · dt ~t gtio'ls to n 
and, 

:->C' ~::'Vc ~-;> v--.! 1'f. ,._ -!.t 1'ont r·""'t'!.J :p1T·J t'"~:'leti o r- i gni"fice.nc e . 



SoME CoMMoN VARIA'TIONS IN THE FoRM 

o r THE LA'TERAL OcELLI OF 

INSEC'T LARVAE . 

$,;.,.pi~ Flat ocell .. s ._,,',th uno&soc;o.~d 
re~r·r>al calls w;th ap;cal end org<!nS. 

Body hypodo"'' · 

pj~..l,..cl.lbollr!::.--- Se.nse cell ei'\Cl:l\gS 
~~.,_ _____ Sonn eo lis 

~me,t 13e .. ku Ocellus .Reto~ol c.ell• 

about a s;ns:ft. a,c.;s w;th op•c:al 

rhahdomes · 

Cofneol lcn 5 

/3ody hypoderm 

r.:lr.;:J-J.'.1.,4...,..~~---C e. llulor vitr~ou s 
body. 

-1'---- --J./ypodc:rmol' ·~,.;·s ' 
pig""e"t C.C!:IIt. 

l~r---"'-lr------- Sense cell end;ngs 

fu,., ,.,t Beaker Oc..elfus . "";th c..ellular 

,,;,trcous body. Ret;n al CQ\I.s qboul q 

s; ngle: Q yj'. red~ced ~, nu,ber ancl 

enlorge.l / ly,;.,.S long.tudonally w;th 
a,.r'QI and "'"!!~ . 
*' and'"rris ' pignnnt call • (om;ttedJ 

S r",ple flat ocell .. s - 1he retr.:.al c.ells 

associ a ted in smqfl ~roups ro und 

short a.cictl end org~ 

~~'-----J ypode.r-f"''''al""·,r;6 '' 
pollment ccll5 

fot:-""""~------Sense c•ll e nd,:.,gs 

'--,ii:f-.~-----S'""se cells 

Nr-----Bos~,.,.,t mernbra"c 

1------NQrve F~brt.. • 

S~m~ ..,..,·,th v:trcou 5 

Secre~.c,, o nd ~ris 

p;gmo,t eells . 

Ocellus elo"g~ 

+---Corne.al lens 

~---Body hypocle. rm 

r,~.,.!!!~t~~t=== CorneoSJe,ous calls 
r H ypoderl"la I ceflular 

vib·e.ous bo dy . .. . 
-1'------- Hypode,.,.,al ·,ris 

pi~,.,.nt cells 

1~--..f--------Sense cell enao::.gs 

-J.-------S•ns~ t."lfS - '-lpper 
IQtc.r 

7711-+-------s.,,. c.ells _ low"' 
lay•• . 

1---------Bt:asement membrane 

J2~n,ent Oealntr Oc('llus ._.;,th <ellular 

...,;t,.eou' body , sepQrate ro cluced 

CO~"neaQen ce lls r"et,;,ul clllfls ;, t"""'o 

Super:mposed fayers """~th a""•QI end org~, 
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in oo·.:e "irilobites' 

lati.. ~~·· . -

i ... ~.wtt.cce.. 

laterul eyes <:c.r' .::. c.J. o.~~t.t..dial ur· (,.,Cel.lar at.r~c~.~ ... re 

.In VJ.e ~..;.i..' t.~O J.'ac l. t.H< .•. t. de~t:: .. .&-

h.S in Crust~Cec... thar·e io uO cle~.r inc.uct~.t.ion 

in v
1·1e l:.i.IlbtO . .:!j or •. LVel ... ) • .i~L.t Oi' 'v~-\3 l~Leral C~o.......,._.JO,J... ... ..L 

e~re.s 1..nat t.;.ese \.ere i'or:a~u .... rO-.:L f... oi:-_..J...... o<.. ... ll!J.S or 

w1 <:.:.o~re...,:o.t _on or' ocelli. 

is the aevelo J.:aent of Culy~cne, · .he.L·~ LJ. ... e C.je i.U•.i t. ..... 

..;roceeu/ 
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0 
... Jroceed from a se_pc..rate ,or sc.r:izoch~<..-1, conuit.iol ... 

to a closely a.)proxi ... uted, or holochroc..l. , cunlli tion. 

T.t:tis is, hm·.ever, a lc..te fGrm, a.ue1. tr.~.e u1oa~ oi' uev-

elo ... Ynent ULUS.ual, so th-. t tn~ uevelu_.t>LU8J..Lt. o1.' ·c..ne 6i e 

is probabl y wit.hout relc.Lion ·c,o tHE.. m&.J.n, f?D.Y lo._)~:.:.~. ... et,ic 

sc~u.ence . 

For various reo.sons 6 J. V eil a.uove ( s~e J) . 
369

J 

it is su estc that t. ... J.e blinu. I'or;us are ... ecvhda.r;7· 

au<l have arisen S)ora.ciJ.call.y, ·t.hc..t 'Lue com.._Jouuu. eye 

\i&S not evolved wit:i ... in t.11e ·I'rilvbites, b .... :c. ,,-c...s u. co._ .ou 

ances ... r al herita.se, shar~J. wi t.n \,he ,Jri..ui·c.i ve erust.ace&. 

Lt Lc...terg_ocelli in Eury,xterida 

There is notn.i.~.~ in .J.Ur.Yi)"t.eri""a co ... ~w·aole 

\ i th the sim_;le , l.c. teral. or schizocllrvc..l e.~ es ot ~ilo­

bi tes and ... o evi..ience in anatoo.y or onto...::>eu.; t.na-c. the 

co.npou.td eyes a:ee in t1.1e course v:f l'orma.tion. 

ap!)ear to a sta.ble and. \iell estau .. USlleO. s·c:.r .. ctur-e;;). 

The smooth unt ... 1ickeuea. corne.o~ of 6one t'on.as 
1 

poin.t to a sec0ndary loss oi" f~cets, simil<: . .r to t,ho.t 

v~:i:dch a.9pears t v have cccurre""' in som~ oi' ;:.he lo\ver 

Crustacea. The Cornea is Ul~if'or.:u hl1d. u:at.nickenea. 

and clearly not of an ocellar tyde• 

The ocCC..bional abse.~..~.ce or red..Ict~vu 
-~ . 

in s1tta of th~ eye 1a clr~arly t! -:-concrary . 'f!l~r<! is · 
no evide·tnce or the formE'.tion of tht? ~y~s fro~. senarate 
units . 

. ........, 



~ Lateral ocelli in rtrG.c,u,;.iJa • 4B2 

Phalan.:;ida aud. ..,cm.tut. to.ui<.la. 

ori...sin 01. t.."!~ ocelli i .. Pha.l.a.......,1~, 't# ..... ue ._ oKolo~a. 

( 13 U., ) J .1&::-ll.J1) an.d . ~an--> t:r·C;...i ( .!.....1c:. 7 , d • J:7 ) ..J.t--v t.. 

ey s .h ... ve been ..le&cr·ib~d. a::no.r.:.t; th~ ~Col ._ .... .t.vl .. eo iu :...cor.->1..> 

{Gr.s-.b~r, 1B7d) , i...1 J....ll.droctvhi.lS I.\.L .... ~~tu..; ~-.,. ~u.acvr..r.Lili:> 

J..VCI'w....,iv.<..e W"..u. .;:..al:ticl . ..J..:.c ( ..Zl~e.l1. .... cner, 1 ... 7 J 1 ~~ ..... ~ - v.:~ 1 , 

in L t-t.l.i ta tae1.W.ria Wlu ~ ...ti t.~r '{,~ ... ~uroi...!ae (::. .i. .. v.L.l. .J..b'l4 

)"' ,_ i.."'~ - GD), in AJelJ.na. na.oV1e;. (Locy l.hl-... 6 , .. .J.J. c...; - ~-t) 

( ,Qrk 188:, ,.> • .;.9 ct ac~. ), 1:.~. i•'ler·i.llU!.l t.e . ..}.i.UGi.turJ. .... ...l 

(_ .<..rk 1887, ,.> .~~s ~t ~e~.~.), in . .tl.l"eneim ... .i.l.:. ~...: ... ~e.n:..l (n.i~-

hi.t~ouye, 18,Jl, _>.~b~), i .. ;-:ttus o.1J t ~co.:>a. ...... ..:.ri..l.l.t..a.~a., 
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l<.,.ran.tu.L~ ~C..i.let..ta, l·;...rto .... tult. ~~~, ~/Cv:;.)"'- uor .... e.L!~J.b, 

. ·•1," ...,... ..L.'-*J 

C id:.lf.I.IJXl, 1JQ7, .J• lbfJ et ~e~.) ill :~,;; ..... tuct. .. ..a {.Juhl, .Wv'l 

)if• 60 - 64) in Lalticiut e, ."")it:r.J.uae wlo. ...,i..,;,rJ.o.....c 

{lGOO, _.J.5CJ - oll) U.!d Jo..:...., 1 (l ......... .J, .t>• .l:t f) u. ... a. ~n 

::ydrw:hiJ.;...e :Jy .I.~tn>g (l.J06 2 . ..J . 4fiv) Co u~v~J..l ....... ""-.ig-

tvailablt.:.) 

1c.1~. 
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rhabdom<.n .. eo are a .• ,ical or ·• ~ rc £Xib..l (;:.I' V-.;.r:J ~.1.1vr~ 

cu d lie ju;::.t ~elcw th ~ a.JO.X. a! d have ~>rc.;,W!lt.ul..;· beun 

second.c..xil:t .:. . t.nsf\:rre i'r·u .1 tll~ c.;ic~ t~ t.ue &Xi.. ... l 

-~ •• ir subse~ .. \3.n:c l-,;.:...L.'ice::..tivn. 

cri.;ui t . 

t.: <...:." in oth~Jr J.rt .!C_.>ods . 

~..~ ~ .. ~ t t •. l 1 .. t. ..... r~l ocelli 01. ~c...c ...• :L ... b ar· a ~ cvrJ.....hr.Y 

devt=l op :H. •• 1t a.~. .... l;.itl.oJ.t rel< tJ.on ·c.u \,~ ... e oc llcr or 

co. ,.Jom.~.d l£;.tCI' 1 ey s o .. otn,~r i~rthro ,c..ts. 
• j -

---·~ ... ---·-·- ··- · --
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v56, .... oi.fov, 

1164- ll7~, .:.15'"' - 1J.c4, ll;J- J.l:JG). 

\.ork ~,;;> ~ell Ls ... roL'l the ex .... .a .... .olc...L.a.vn ol' ~..~ .... .., e.,:e!.. v.l.· 

It .i.s clei. r th t, even ·~ u~r~ lH.r ~e .rJ.U.lve.:.o 

otcer th~ ~1 occll~r ~~~rouhv..Lv~. 
q/{ "'~ 

Tney c.rc t.. distinct t.) • .>e '"' ..... .~.\.i oec..r h very 
I'· 

close r..:s.: .lblWlCO to CnilC)O·J. vcalli. 
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7. The &aterfil ocelli in Chilopod~witt a note on .au~9poda 

a nd grmphyla • 

Among the Chilopoda lateral ocelli are present in 

Scolopendromorpha and . .~1 thobiomorpha. Since these are of 

particular inte~est in connection witt the origin of the 

eye in ::.cutigeroroorpha. they are desc ibed in detail belov1. 

a . ±he anatomy or the lateral s1mple_eyes of Ccolopendromorpha 

Descriptions o~ the eyes o~ rorms designated 

Scolopendra ap. hnve been gt.ven by Sogra:f'f' (I~79, Yl'• I6-IA) , 

Grenacher (I~79), Graber (I879 , P• 58) , ~ark (r~87, pp . 

6v_63) , eymons (I9~i , P• Jet seq ;, Hesse \to .... ! , p. ro) 

and Verhoe.•·f ~ r925, P~· . 40, 4 I, 102). &ograf'f' , who descr~bed 

the eyes aattrefM!mbling those of' Coleopterous la"ae and 

those of' spiders ", gave a ahort and incomplete a.cco , ~t which 

does not accord . ith l a ter work. Grenacher's description 

neems t~> have bt-en more a ccurrate but diff'er e in some resp­

ects from that given below • Tt is available only in abstract 

in th~ work or later authors. Graber's r.escription has been 

sePerely cri tisised by later author·s as very innccu.erate, 

es~ecially with regard to the retinal cella, ·~thich he apparently 

exflmined only in thick bections. ark was concerned mainly 

with theoretical aspects of the origin of the eye and the 

question of' wheth(..r it was f'o med by inVJlution of the.; hypo­

derm or simple infolding. His a..;count of' the a,tihhlY ia sl1gh. 

and adds no new material to the earlier ~ ork. Heymons demon­

strated th~ origin or the eye in a hy~odermal depre r sion 

but did not deec r·ibe-· the adult tructure in detail . Hesse 

was concerned mainly wlth the rhabdom. Verhoeff has pi ccd 
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'i?. ' t. ~~-,.:r-s. L1kr tht: body cuticle th(!Y ht-rve r a on.g their 

cmL r edge 1 a thin, hcnogencoUt· deeply st · lni!'lL 1 ~- r, not 
' 

n.10l' ·5j LJ in thickness. This ia aucceeckli · .y s ries 

oi: cleorly lemin ted, chitinous , cuticu !' 2. 

:l i . frt:rn r:ne anc f her in the dens 1 ty \;: 't. t~ .. 

.oru., , ona their· n tuinirl£' r.·act icnn. r well 

· w .. f. G 

st in . . The bo~y cut'cle i~ compcaed c~ 

o1 : · -h .he irmerrnoot is the !lloot dense. 

!1.lY' t '< ·o such 1 y . .'u, both e:r eatly t"~icl:tm-.C, re 

1.'ht. ee · to correspond i n c to 

. n.1..:. third li y ~·s c.f tlle b cdy cu . ic.:lc. .nc 

cut _ c v r the gen r l\1 uurf'C" c cf t11e b .. ...;-;- i . out 

layt· r s be i!. · • J • 

_._;· . \:. ·--~ 

25)"· -/-fl Zl£1. 5f respectively. The thickn L!; f' t:~.- 1 .yf rs 

i n ..r~ lcl1SCS is ~bout ·';.)"< G5 f and 15 r thx• , li,_ -l t lC 

. depth of the lena, where this is l"'t· :r c. c than 

t~L c lc <...l:!pth of the ordinrry body cuticl :.~.: i3 

arr• nt.v lent is indica ted in Figure ~---- nnrl h 

1.~i t 1" m t ically (under lov·e P power and · i i' _ c 

in the "taininr) in Yip·r-.::. ... 5'::. 

... c :.· uu.t l.clc 

!.:OV h .. cnt 

.. ·cl'<.: canPlc ·. re uesc1· :.Lc: ~ in .. h_ 

lenu • 

/!lot 
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tc; he.ve been obts rved by other nt t. -.l ~-. The 

s t to 

int Jie:otented c-,tt icl c- o_ the bcdy. 

jcin the body cuticle th:·r r:: 1a cc~.:::: ide. able 

Thie, together with the degree o"' p'rox1ma-

.. ~ he lenaee, is indic ted in l;tigure s- 3 'I'he lenses 

nrc , · 1 1l1ghly biconvex with the radius of cu::.·v iure of 

ext .1. 1 · n ._, internal eur.fr ces pproximately e11U·l· 

Zh.c_ :a ~--t'!r~nous ~lls. 

Under th": c l.~dtn·•ry bcdy cuticle the . ;r~ ,ermal 

cr co ... _ aeenouo cells .. -. c :-l ' conspicuous n .cent i "lU·~us layer 

The ·~... c l • c reeularly 

tb. .-.m .• :ieo f' nirly diat Lnct and the :\.I• ....;:rL 1 otaining 

tlt 1 :: e oJ..' the loyt;_ . In thia i' O.i'1n the 

.:e.· l r ponoible l'ci' .he secretion o.f tllc Je ' . . 

tc ~- _ . lls of the bouy !1y]oz..erm but a-~.·E 

: nc c l . rly apparent ~71ly ot the edge . ::. t ~1e lerwoz, 

Wht:. t ' _y : ~·e continu us with the cells cf 

as s - :1 in ... ?igure. !75 Since the lenee h vc .l · rly been 

.l in a s • 1·tes of evfn lor.1inatione, ~:;·€ mn · !.YCnous 

l &y pr~surnably, in th.. young anim~l ... , b v .... c _ 1ed Et 

en: . _-\.1 uf lt y.- r across the eye. Thto 1~ . n · r . .ly been 

nt to the ~;P.t·t ~~hery o:r the lens nr<l _. 6 i.r. size 

_ ntr•al :.JPrt OJ. the leno increaeed i.n t!!J..c ~n • 



and · c, .. ons ( 1901, r-. 24u) • Grenacher f cun c c;!'l1C gene us 

lay :· in tile ycung c:' J~ida, hich was cc.-~·~1 · 

C\ Ltinu T acroaa the eye , ol~ 1nt~.;·rrupteu o . . ~ .. -

et 1~ Jl . L. t {nee in tlle c tre of the lenr.::. . 

very 

te1 ;•r _ ~~..l:r reformed f r on the z•educed lnye:.... _ t H · _ uJ. ly 

dev,.l ..:d ocellus, Theu the lens was reeene!" ·c t.u. in moulting. 

1cYt· - cscribed the 1•cduct ion nnC: lateral te. 1 ce 1ent of" 

·a c o . inu-Jus corne eenous layer in the dev lo:pme!lt Oi1 

? 

bcoJ n~-¥ira sp. Graber ( 1879, P• .58) ho ever, deE!cl~ibed in 

:J~oi_i: J_ n~l .. J! _sp. a continuous ee:.'ioe of co1• .. e .. ,e;1 1..W cells 

-:H c c 11 ·f' elongated, transparent cella f'orotn 1 intinct 

vi tl~ t,_ layer-, enclosed in a banernent mernbr· ne co· _..., · >' nding 

t c -· i· · . t the baE'e c.:f the 'boJ.v llypoderPl (• ell . (1887, 

p. .:- cept ed thie.. es~ript ion ( app$'!r •_"nL ly -t ti. 1..rt 

iP~ it, and alth.u::h he rE:jectea nr be·~,l vi~ son 

s onxiou& t 

oce : i <:.. .: Ghilopo.'e hed been :fcrrned on t1h. 

1<-: It is prcbau~e 1. n t in tb is, a;· .i.:l 

TbG 

th ~ the 

a thct 

three-

~-r·ctin l 

npects, 

n lv..:re 

H ,1 r cc ords l. th t lr t r iven b:,r GreL1L c·. _ . ,;w ~ ns and 

t: .iTtd not witb r.;ll ' t _qiven by Orabor- ""n, ce ted by 

u :-e•:. 

Tha r ~4\a~ cells. 

The main nort of the eye is ct-.· ~ .·· d o·. a 

colltH t:t::n of rt'tin~l, ¢ ·dgmcnted senee ce .ll..:-,. 

/r.~und 
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r. U"'l( tile r; ides of' nn op~n beaker or cup belm ~ 'tC' lens. 

t,ll l.;l ~ells about the etdes of the cup re r n cd with 

tht. ir axea perpen<lieul·n· t ~. the axis of' the lc:;nc :a the 

d L. rc" t Jn cf the incident light 3 S conden d b~- t .~ l em:. 

1 · y rs 

Etbr. 1 ... lender, lcnf itu ina l, axiul cevity:t ll lr;. · .1c 

ce!"'t • l rt or the lene. lo•r rda the 'boDe Lc eye 

th< e.LlL :u~e elightly in~lined to o.rdo t : e -i~ -~.1e 

cceJ.la. , bile • fc.. cc · U 11t the base OJ.' tl· . u 

1 t o this. Th ce1 1 a t the Ulp r . d:c 

... u..,. to 8, .r.v , tl1e inclined cells t I.Hh.€ 

ye decrease in lcnetll t c 3(/ , h_J.C t the 

br :..t..: .~.· ~l1e eye F~nu ptl'Fnllel to it.c ax i r, ~ c:r : .. y "'J~ut 

.All tl1e l elJ.a ttre conit ,.~ in. ., -. 1 , wedge 

eLf': e<'l in lc~ituC.:.inal sect i on, fJ nd t a,t-~~1 .. t~_-

iru n~o in the axis cf' the eye. 

Jly aym!'letrical. 

The nuclei re .. 1 e,ys ne'-"r th 

en · · t c nu.cl -oli. 

l. r en.<lo 

c- .C.!.lo, ccn .e inine tbt nuclei, nr~t: -"i-1 ~ ' -·..IJ,. ' 

..... er. .. .t.y .. •-..:kt...d, ua ·k bi'C. n ~ i D 1 nt granul..,. 

nu~- r region , and b·_twecn th ' a nnd tlw L 

1ong 

e . c .f' tl1e ~ ell.,; . -'11. J.•eo t of the ·. il.L.ed 
• 

.. · nc ly gr~nul~l·, f ~intly staining c, tc _ .ne 

I H t ;_ ct 



d.5.~t · cL bcund.artes o.J.' the cella, which a·. e c:.ic-ltly 

._.at t 

At their in~ r ~ncL, 1n the ~7.i~ 

tr: ·· ·.; r~·il cell b ar eense rot...a o~ 

(~n.t is shown in .!on~it-.. tcHnrl sec~ i · _ · 1 

:ra nd in tran ... v · r .e ct.c t ton in ,I;ti£UN s7 

cc _ v ry in length .. hr··- u· ·hcut the eye but: 

to th<J len.gt!1 _ f the cellc b<!tL i ·t tho 

of J l~C nbout 12( • 

Ench rctin 1 cell ie enc~sed i' i ~ lv ')art . 

by ... .1 • . 'lal.ed wall - thl ri"', b• C":l· Thi iL c nt l · ~V.i on all 

t'h 'h~ a .nee rode o~ the enti~ ey2 fo~ morb, when 

v te cl Ll ..... rrru>Vel'"Se cc.ct len, :~s seen in ~ :i ·~ · · s-1 ln 

1: .. L t4 inal eec>t ion t llC cent 1gucus walle 'f 

1' ..:e ... . 

urL 

/ ' . . r . c . ) f il.l 0 ~ 11 
-- - - ----

•.r11e rllt 'b. .:. th. :neelver: seen} t 

~L ccllE:. 

tinal 

. ~ 

· in 

y b ... ·vcd 
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undc.. hinher powers, thc;y nppc~r striated .tt :· :-. • ulorly 

t' • 1,_ leneth as eh{ \ "l in ... • igu.re ~ • 

The deecrlpticn or the rttinnl cel:io •nd 

rh t~b 1;:. H1 ven flbove t'cc.:rde with thnt gi vcr: by :!c:tmcns 

(1~- 1. -n. l.J~\.) 1 Hesse (19vl, p.l~.) nnd V.rhcc!'!" (1925~ 

pp. l. -·~1) • all o£ whom describe the rhnbd," a.e . 1ol..low 

proto!)lMH!h The ~~ arlier nuth l · · v~ no 

ve t.J ci se descr1pt ion or. the !¥tinal cell ... o:r d 1.·· • )dom. 

Nc.rvc rioril~ cculd not be t:ra "'Eel ~.n .. ·o +he 

rh i> 

T'be __ · bd ns S1F'lear t e 1R chitincue =.,tcr. t · 

Th~..;. ret in~ I ~e · lc t ;: llc 

ru.. ·~ , llel tc 1 t. ""Xifj, ,L'f:-r _ ,~."em tb 1· 

eel~· 1. ' be i:rt: unl.fcrmly _ i2.1l!~ntcd t h roui·~, 

and r: : c:.. 

,.. . . .... i.J is 

llhich 

-··.tinal 

·t!ngtb 

\ ' -~ 

' aeen 

cri ved 

.fro . . ti 1 cells which, l)Ci.n: unfr:,vour' . ;r :·~ ·.--.. ~ ted, 

of ·' ·· 

PS i.gn a to ~xpose the rhr-bclom t.c t·w 

I 



.cmbrane of tl hypouerm of the bo· y 11. i'be 

1 ~ells are .t:!·~sumnbly respono ible • 4 
-w o;,. ... £tt i on. 

_ · .tin• 1 cella r re a p!J r·ent . Gran· c· r ( l ~7 J) 

rlt h '~ :1 1c)t cnti.t·ely convinced, had condlt · .ru.;lly aanented 

Dine 1. \ ·as i'avourable to hie view Gl Hyri'" uo C!".li OS 

y g three laye: z~ett tnvclution. l c 

:Jr·r · r.> :J C0!1l!1St c.f nu.:1• ou .... fibre.s cont' V , t '1· on 

out . h _ th. In the nei;.hbourbood , . .~.· t ' yc 1 

cut nd t-t c:1 '" .. ne t nters em: t 

ceJ _ be n in !?it,_ C'"' -:r& cv-d 'Sf_ 

i l v.1 lie ..:tbout :J.. 11.€ ·ve-o n<J belc· 

·~b( ee at' . _rest~_.: bly of' meuc 

No tl''\Chenl brnl1chee cculd 1lf :,!' d in the 



o. out. corneal lena . 
t) . out . Bo<"'y cuticle . 
b . hyp . Bod~ hypode:r.rli. 
c.c:ut . 
J • Thin , horJouetwoun , ~ut er l!1yer of l f .. ns 
c;. cut . 
3 . Inner tllick1 lz:.Htlna .. lie<i, L:Uticul~: r lu.yer·~ r.:!' 

lena- nere uot fu:rth :r: ,liffe:rent :t a.t .~d. 
' • b . G • !JOilt:..i t U1hiilci. i &ec.rLi '->4 b ~01J' .i -' " t ue 0}· ~11 p l •· flt_;!) t 

b~ker for:1tf. tion .) f. ·&nt; eye • 
r . u. Ret1nnl cells . 
b . r . c . BEwal ret1,tal cell:.> . 
r . c . n . B.~tiDal cell nuclauu . 
r . c . -; .. Ret iuHl oe ll pi(lM~n t . 
rht; . Ol,lj. que seotio:L o£ Gf>Vd"~'' f't 1 sur ~ri r:1por ~~d 11-.:~· .rs 

of r hab1.wr.a structurl!n . 
b . m. .t3 esemen t z•tei~~1-:- ran e . 
n . f . .!erve fibref! . 



... ~~to_~or.x_ . 
dl~ ~~QOU o. Pt4C 
.x (·o HolcHl~tlc 
o r~>!'ra LUQ1 f.' 1r 
4 1~ B ot1ou 

o' j •.~utiv• 
Yl'rJ 1~: oo 
1n· 

J."~ec ration 

punt1~ : 

Aloohol1o Rou1n 
i)()t.1hll ... n!l·e ~ iu in 'tb r .... Alaohol (75; · , ) 
aolut1oa of o. llo1ri1n , tbrou ... h CltOlJ in 
8o tJ _ ·rflr) l a • · • o.x 
He1d&nh~1n•n Iron Alum haon~'oxylon 
AQU•1!)UB -Ot 1n 
fh:rou ll Tol.1~l in Toluol- cl, :rJ.tl't 

c.<>...l'. 

s::.:'~o..------- c.<:J..&~··· 
.~~~~;::--- c.~ . .).. 

s 10 J-
'11....~.1.-..t...-'--L' ...L......l---'-.J...........J' 100 mrn. 



<: • oat • 
\).(;l l"'G .. !. 
<: . cu·~; . ;;;. 

r .. c. 

!'.c: . n.n. 
r . (_! · 1~ • 
r . c . ":y . 
rhb. 
b . m. 
n . f . 

oornen l :i.enB . 
Th in, ho;,1og~ · . ~?OUF", outer layer of 1~nii . 
lnn~:r, thiokf:l', laminated, ou ti oU!J.a,;r 
lny~rs- heTn not ~uTth~r di~f~rentint0~ . 
Central , lon.sl tud1 11l11 nleft i'.11·~ t . ;~~n th~ t wo 
pat'tB of ~l1t~ ooe~llus- ~;o o n:tbly lit 1 .<wt i n 
nart An artefaot . 
Retin.fJ. celln , fl?'!7'~'!'}01oul::r to t ,,._ r:y ~ 
n .xi.s . 
Basal 1 e tinal c;P.ll. !"; riPP.t- lY l~nrl unit"orm.ly 
p:i.~mented wi tho.ut rL't.hoo.,_ st:r1.1otu::-ea . 
· ~tinnl cell nucleuF. ), ith nucleolun . 
R•3tin4a.l cell .Pi~·nent t;r t.nul \;1; . 
Olear , a.xi~tl cytot .laarl of tbe r~t:i.n?.l oells 
R.betbd<) 1l structure& . 
Btsement nembrRnes • 
U e;rv~ f1or•~s . 



--~ ~~:.: · ···~ -::~ ···:::: .. :::::::~~~:':::~. . 

·-··· 
-··· . -·····:.: ··: ... . .::._-···_ -

.LC!!~ Jl~. 

~q~!~~algaectio~ 

1eroeg<);gr 
8'mm Aro()iiro t1o obj ~otlY'tt 
xao noloscor1o IJY'&r leoe 
0FUD'5~ !.UQiu '~-r . 1n • 
~. !3• 3 r a !lotion 

J• r4p~ ,t:a. t.io}\ 

~xation 1 Alooholio Hou1n 
' 'rr'6t<J_g,d~nu ; noubl emb~tr1d1na 1n ··thsr ... Aloobol { '15:··15) 

.?(}lution of 0 llo1i11n, tl'l«J;ll{th 01101~ 1n eo 
4 ·re.,a m•p. x 

S1.p.1n1l1f\ ; Oepifllll~nte( in Gr naaher• a .tlut(l 
Ato-o9rm1ne 
An1l1ne blua 
Or:u~&a c• . 

: Throu4.b Toluol in ToluoJ.-Ol~r1 t 



b . cut. 
b . h3Jp . 
op. n. b. 
op . n. r..n . 
r . c. 
b . r.c. 
rhr}. 
b . tt. 

Fi.A.~ .. §2 ._ 

Body cuticle. 
body hypoderm. 
Ortic nerve b:ranohinP.". 
Opti~ ne~Vc anter1ng th~ :retinal oella . 
Retinal cells . 
fi;:Gal l'etinP..l eel .LS . 

Rhnhdo ~+,~uoture . 
B&ccrnt~nt mebrano . 



f:i~ ure 5; · • 

·' 

• S" 10' 
\I I I I e e I\ l t il!50,...,., 

r;,reef1!Jt.tiql\ 

~untintk. 

: Alcobol1a Bou1n 
: noubl~J ~ ibed&.in 1n ~tncr-Aloobol (?5; .;5f 

aolutton of cel~o1dln. th~ugh Ohlorof.orm 
in GO d$.roe m.~ . wax 

~ Dep1~m nt~d in Grenaoh~r•a flu14 
lttr\byl~ll$ blue 

: 'l'hrott ·h l'o luol ln. To.luol- olar1 te 



r . o. 

r . c . n. n. 
r. c .p . ~ . 

:r. c .p . i. 

r . c: . cy. 

Thb . 

b. r . c . 

n . f.r.c. 
b . n, . 

Figure 5~_.-

Retiivl cellr, aean in transverse to 
obliqu8 ~f'ctions, aprrflsaed to nssume ~ 
somewbn.t i rre~ul~r, pc lyf;onnl for~. 
Hucl~uP <)f retinal cell "1"7itt. nucleolus. 
Lar~e , nut~r pigment irRnules • 
Pi~m·~nt o·:ranulP.S clof·.thin~ the sideaq of 
the toner parts of th~ retinBl cells . 
Inner , finely ~rnnular cyttplasm of th! 
retina.l cells • ( 'rhin ?ctua l:!.y e:tt•:ndo 
into t ne rod rc"ion - FHH~ ii·i._ure 58 
but stnins so fRintly in this rebion 
that it ic hardly ~pT)arent ) . 
Rhabdom structures of tbe \9hol~~ OCP,.Llus 
forrnin·· P. loo.:.e :nass . 
Basal retinal c1111s - t\lo sctG cut 
obl~quely- d~ep~y an1 unifor~ly 
p1fiT!lented n.nd continuou~ wl ti1 nerv~ fibren . 
aerve fibre paasih ~ into retinnl cell. 

Basement metnbrMe deficient -h~r~ .. th~ 
optic nl!rve pa.seea into the eye • 



Jl1i}ll'8 ~?. 

L·~nc;1 tud1npl. ~bpilal ato·tton o,r on6 of tbe ooellJ.,.I5 
to 1Jbow th~ rhaodom at:rug tun , and ~~e ,diJii>oa.1 t 1-on., o.!, 
gu' Rif.i!IU~Jtt.~in Jtfte r t.inN;,.qe~ls .. 

0 ·~ ·--

l[i o.toccow 
8 Avoohron tic objeot1Ye 
X 20 Hol osoople eyepiece 
Oeraera Lut::ida drawillS 
(Dra.winf:; re-~nlart,ed lJefore f il11nb in den l ) 
3 r section 

.: r_ep n.r! t i on 

:!tQiniM 

hunting 

: Alcobol1 c DoUin 
; Double eaoedning in J4: ti .. er-AlCYhol (1b: ~6) 

f6oluiion of celloitlin, tb.ro h OLW.3 in 
60 deg"ea •·I>· wax 

:Depigm ntsd in Grcnaohe:r'a nuid 
Azo-e~ne. Aniline blueL CrQftbe G. 

: llAro~ :&.oluol in 'tolu(Jl-vJ.1111. te . 



j 

r . o 
r . c. b. 
r . e: . n .n . 
r . c . I· . c . 

r . c . p . l. 

r . c . cy. 
r . c . cy.r.. 

_figure 58_. 

Retinal cell . 
Boundary of r .~tin:~.l cells . 
fiUCltP.lS ;-;1 t11 :t~lO l~O 1118 . 
Outer,,tarK,dense mnsn of p i gment 
surroundinr- the n11cl ~UG. 
Qonti1mation of the :retinFl cell p1,»11wnt 
alan~ th .• s ides of thr. cell. 

Olec.r t:ctin<tl e el}. cytn1)1 ~ere • 
Lxteusion of the retinQl cell cyto~lasm 
into the cavity of th~ rod. 
Th1o stains very fRintly . 

Rhabdtnn 1>tructure - trery fe.intly t::.'annv·:H·aaly 
stria t 1d. :'h~ walln l)f th ~ · r:et.\nal 
cells a.:r.:;; th.-~ir lo.,e1' ends ar~ thicken ~d 
to form thea~ Toda wniob nre shared b~t~e n 
U.djacant cells • 

• 
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b . The a.nlttomy of the lateral ocelli of' :.i thobiornorpha. 

The eyes of the only common local Lithobius 

species proved on examination to be very degenerate and to 

constitute li ttlc more than a pigment spot below _a Smtlll lens . 

Bet .er c1eveloped eyes have been described in .i thobius s.e ·-- · 

by Graber (I979,p.581, Grenacher (rP.79J, ~; ograf'f' (I,79, 

p). r6-I8), V!illem (I8WI, 1; • 482,., r:e ~- e \I90I) ant! Verhoef!' 

(!925, p_p . ·40, 4I, TC2 et seq j • The wo"k of Grab e r and 

So graff' is rather surn .. tary and has b t n condemned as inacc-

urate by the other au bora concernedo Graber and Sogra:rr were 

apparently working with thick sections • 

In its essential structure the eye of, .1thobio-

morpha rc s~..mblea that of Lcolopendromor,;)ha. The ntlttlbcr of' 

retinal cells is reduced. '.lheee are l a rger &ll<'i nhorter and 

are diJ.f erentia tea into two types. The lo\>.er cel .s rese .. ble 

those o f' .colopendromorJ)ha very close.Ly while the rod a of 'the 
-

upper cells are • tduced in thickness to form slender hair-

like structures , v.-hich are highly ref'ractive. ~hcue eel .s, 

1 ike tr.e lo•·;er rctinul cells, are pi0 rr.ented , have u nerv(j 

supply onf! are o i s_posed in a iayer wit~ , the rods _pe r pend ic-

ular to the axis o.f the eye • Togethc r with the lor:er 

retinal cel1s tbty for• ~! r~ continuous cup and it is t be 

presull](;d thfl L they t.~re 1:1odi:fled retinal c~lls. 

/ThiS 



496. 

Thi~ view i s tuken by He se a! .d Verhoeff. :\ contlm.uus , 

corn( U6enous luyer , such as th~ t descrlbt.ri in eorr.c phases of 

devr .. lopment in :...colopendromorpha has not b£-e!}i'ound in .i tr...o-

bio .1or.pha, the cornee.genous eel .s beint;; restricted to the 

eides o:f the lens as in t!.e usual a rrrngcment in .:Jcolopendro­

rtor .. ·ha.( 111em (I8:.:t~, p. 482) ha4 described acatter&d remn­

ants oi t.hc corntsagenous eel La belo· the lens in . i. thobius 

but this has not been confirmed ). t f ,.,}-? t' . ·"".PtJr ~..),n nese ;r J.nor 

<11 · ·rerencea the lu terHl oeel~i urc rem!lrk bly unii.:'o ~·m in 

structure , and t.rc ull clea~ly oeollar 1 th a welt developed 

biconvex lens , witt nothing resembling a cone ?r additional 

re:f'ructivc sec ·etion , ·::i th unorganised l~etinal eel s not 
' 

aeooci ~ted into retinula gr-oupings no with separ te rhaboo ,j 

st1"Ucturea , rr.orphologically apical and arx'angen J:)erpendic­

ularly to t'e incident light • Tn none o:f these particulars 

do they approximate to the compound eye conditions. 

c. ·;he relat!.onoh1Es of' ~ lateral sitnEle eyea of C...hiloJods. 

' 

The f'ollowing arc the fr1t in . ossibili ties with regard 

to th<. ->ri~in and 1•elationt:hips of' th lut<;:t'al oce.i..~..i , in 

Chilo.vods. .:'irstly they may be t:1e ,tJroducts of degeneration 

of' the eyes of the ~,cutigeromor,pha type. \.1 ternutively 

they may be primitive precursors of these. Thirdly they may 

have been separately evolved ( in 'fo.rirtS in · hicl. the compound 

t.ye bas been lost or has fc~ilcd to $elo,p)and unrelr~ted to 

the lateral eyes of other ,\rthro-

/-pods 



pods othe~ than those of Diplopods. 

poaa1b111t1es ~e considered in turn. 

Rosenetadt (lg96, p. 374 ) has up.el4 

the fix-at suggestion - nam~y- tha t the ocelli are deriv­

ed f'rom the 11pseudooompound" e1ee by degeneration. 
~'·lf~poSi'"'g 

!here 1a an entir~ l~ok ot preeedent tor~ such a course 

1n the evolution of the eye. In no other case 1s a 

compound eye of any kind definitely m own to degenerate 

into a group of separate and well .... formed ocelli. 

Thee$ ocelli are ot a distinct type, resembling oloae­

l_y the ocelli ot I>iplopods. iii thin the Chilopoda 

and Diplopoda they are widel7 distributed. vall estab­

l'- shed structures in contrast to thl paeudocompound11 

~yes, which are restricted in distribution and highly 

vat<iable wci;th every appearanoe ot a recEtnt origin. It 

seems probable therefore th-.tt the ocelli wel!l6 no' 

de:r1ved frOJn the "psettdoeompoun~ e7ea b7 thei~ degener­

ation. 

It has been :pointed out, in the seetton 

d$al1ng with the compound eyes. th~t these have 

probably been formed b1 a relatively recent aggregat­

ion ot separate units. It is possible that these units 

may have been or the type or the lateral ocelli ot 

Ch1lopods. 

A format10•1 or the f'ye of Soutigeromorpha 

by a coilesoence of oee111, resembling those ot 

Seolopend~omorpha and ~thob1omorpha would 1nYolYe the 
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cbange• 1nd1cated 1.n outline on pp. 24 , 25 • It auoh 

'ranorormat1on occurred ita eouree ou1d probablJ 

h...~Ye been e t'ollovs. An 1noJtea•e tn tha nWiber 

ppNxlmat1on ot ~e un1ts HOuld le d to their nal"l'Q1-

1ng and elongat1oD, aoeoapu1ed by orovcllng out ot 1he 

oells at the base of the qe ana a Peduotion 1n the 

nu.bttr o~ the Jlet1nal "ell e. In aoco!'tl ce v1 th 'the 

elonga,1on of Ule unit these celle would be dhWft out 

1n & direction perpen41cular to that 1n which ihe1r 

aain. ax14 had been dlapoeed tn tbe ocellar units. 

'his lllgbt well be aooo ~1e4 b7 ts-anate.-ence ot 

the rhabdOII ati"UUttaPe to the axlal faces of the 

cella and \helr prox1mat1on to toraa a cen~ral rbab-

doa. In oOOrd8noe w1tb the new condition• ot 

1llum1nat1on anc1 funct1onlng 'h• erowde4 co~1 t1on 

the ou,er surtaoe ot ~ e7e { rewl '!DC from tbe 

i'egation of ooellar lea•••) would have le4 to the 

tl tteal and appron t1on ot theae lense•. ~. 

reduction 1sh' well ve led to the devel ent ot 

suppl n'tal'f 41oDtJ'lo atruo,urea - the cone• -

ranged below tho ~ace of the ere. the conee S> 

formed ~ould haYe been !'laced bet11&en the Upper end• 

of the ex1st1ng rot1nal cella, aomo or w.h1oh 1n the 

course ot fUrther approxt tlOft ana elongation ot • 

o a'1d1a would probabl1 haYe been ~ down to 

form a lowez- lqe. 
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Thus, while 1 t ia probable that the 

eye 1n Scut1geromorpha has been tormed relat1vel7 

recentl7 b7 un aggPegnt1on or sepaPate and mnn7 

celled un1ta. 1t t.a bJI no means certain that these 

units were ot the type or Ohilopod ocel11 . there 

e no f'oroa .. interaediate 1n internal structQ.re 
I \-

link1ng those e1ea nnd the gap remains a eoniiderable 

one. although the absence of any other type ot eye 

un1 t , ( rro wh1vh the paeudocomt,ound eyes might haYe 

been formed ), sug~ sts that this gap llmJ' have been 

bridged. 

On the whole the following is sugges1;­

ed a the most probable course tor the evolution of 

ther eyes 1n Ch11opods and Dlplopods. Ohilopoda and 

D1plopoda w~re prenuaably derived from ancestors 

resembling tha Pauropoda and ~la. ~·• forma 

are blind o:- provided w1 th onl7 •er7 potn"l7 deYelops! 

lateral ocelli ( a single pair ) . 

They were ~robahlJ nearly related to 

some or the earlJ Insects. which were secondarily 

blind or v1th very r~duced eyes. 'lhese JlnsGctan 

~T.Pe• appear to have g1Yen rise to the Colleabola 

and ·Lepi mata, in rhich the eyes have been re -

developed tl'om a 1 teral e7e rudiment along linea 

corresponding to those ot the true compound ••• 

( presumably pre$ent 1n their distant ancestors ) 

but aod1t1ed by 1.ntermed1ate degeneration. 

\• 

\ 
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fhe degeneration of the eye rudi ment 

1n Pauropods and Symphyla appears to ha.'tTe been carr.~f· ed 

further thaz that in the forms g1v1ng rise to the 

Collembola and Lep1smata. 

fbus when eyes vere re-formed, preeum­

ably in responae to an increased exposure to illumln­

ation, in the ancestors or the Chilopoda and Diplow 

pods, they bore no resemblance to the compound e7ea 

of the distant. supposed ancestors but were e1mple 

ocelli ( an ocellar evolution parallel t o t h1a appear s 

to haYe taken place 1n Insect larvae ~ see p. 478 ) 

~he ~peeudocompound" eyes ot some Chilopods are 

apparently of more re-Gent origin and formed anew from 

aggregated units. 

These''pseudocompound "eyes together w1. th 
~~ 

the l ateral ocellar eyes of Diplopods presumably tm ... 

expression o~ a very w1desp~ead and general tendenC/J 

to the formation 01'.-,lateral, aggregate eyes - a 

tendency present in all th$ aa.in Arthropod classes, 

although expressed in ruorpholog1ca117 diverse fashion • 
. , 

It 1s possible that the' pseudoeom~ound eyes were 

formed from the ocelli of oth~r Ohilopod~ or that 

they· roee from an eye rudiment more generalised than 

these and or which no trace is preserved in the h Ying 

f orms. 

'rhus/ .. r-· the eyes of Collembol a, 

Lep1 amat a and ScutigeromorphaJr al l apparently 



50 I 

torMed from ancestral types in which the eyes were 

lost or eeverel7 reduced • !he pattern ot the true 

ooauotmd eye han bePn nre~erved in the Insect trues, 

while the~aeudocompound* eye in the Chilo .ods 1s 

tormed in a new waf by ag~regation ot separate unit•• 

nosa1bl7 resembling Cbiloryod oce111 possibly more 

generalised than the e. 
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0(~nclua1ona - e.fhe l atPrnl ooelli . 

I . Occurrence • 

Lt.ternl oocll1 r .. re absent in Qrust£ .. c~ and p:rob!,bly 

in •rrilob1tes a,,}d in etlr;pt\trida • Th!3Y ~r~~ pre~ent 

in all the re a.·1n1n~ '"r"t;hropotl clasaea . tb~y n~~vel .. 

exist simultaneously w1th cotilpound ~vee , althouah 

they 1nay proo~ed the l t1 tter in (levelopment as 

functional end o:rg;s.nn of the 13? .1e ne:tve. 

It is pousible that tn .,se qr~s ay ba tJ.~ phylo.;Hnetic 

suucessoxe or precursors of the diffe't"ent type:> of 

lateral , cornpoun<i ey~o or that the7 may be w1 thout 

rel6 tion to t l.e latter. An attempt hA.s been rn~de 

to decide thin tor eaou cla.as of Arth:!o·oodG . 

~ . r.omrarntivP. .~atomy • 

'l'h ~l"F! i G no cor-mon anp.tominnl t ~tt.~.m :'U :)h !'·s 1a 

tr.aoefl.bl~ in MPn7r of th~ l~·t~~>r: 1
1 
co::npn. nd ...,Y8S . 

La tc:rP-1 onell1 vary f.1.'om pi:. P-nt !TOte t o or~lnl.f!titlla ­

li.tc f~ fltru~tures . l~on ~ Xnse<"ts lr- te:r~l ocelli are 

l'Eil"e in ndultr, {tnt! "Ph--:.n f•rt::f>ent ".!' .. r;r<;rly t:P.v ~lOl~t~Cl. 

In the l~l'VA~"- tbP.y abo thr~ f·~ll 1"i· frJ '}f V'i.rl:ttion 

in $l t ructure. ( ~h~ "oce 1.1 g :t' cvm')OUIV~ • '"Y ~ r; of !l.(i,ll t 

Eitrepsipt~!'~ r:r:. "l'):'f:'OhP.bly th·• r,P3Ult o: T"t·;ntion 

P.nd rrtultir.lic11'tlon o-! l'll.t.~-r.~l , ln:r.vtl o:;:~lli) 



.h.-~ oce_li in Arachnida are ch.arac"ti3~istio of 

~he nlaf>S ftS ?. w}lol€'1 nl'a ~lel ~rievelOpi!d ,~nd ShO., 

J."elr(ti vely 11 ttlt~ "'T;.J riation in ct:ruot,lre. ~rh.:­

ocelli r:lw:r.ncte!'lfltiG of D1plopod6 nnrl of Chilopoda , 

o t.ht~r thnn ~~cutige:romorpha, ar~ v~ry Gimilnr and 

• 'l'hay d.o not 

l'e£-eJnblt- in <ie\P il tb~ l~ t~:t':Jl oc.~lli of nny 

. Gtb~:r Arth:rOJIOds > ~lthoutth a ni:"'il~r t.:rp~ of ,;ye 

suer. ind:Lcatiotla nr~ fe., :"nd uac~rt in • Tl:;.e conditions 

c; re as f0l:io'"a :- • 

(.;1' ~ t . !.. ...... _ l.;t ,vru.s t1cea • 

whlcll , althou h Lttod.ifi \1 , a:t"r; 0l~!:'H'1Y otrt.1l?tid1n 

P.nd not ocelli . ( '!ht:- 8o-ca1l:~d lat ~:r; 1 ocelli of 

Copepode n.re <iiGy ·l nc ,~ci J'fi.P.t.ti: .n1 rlornal ey~s ) • 

( U) __ In Insect ~<iulta • 

!he C(.)npounc!. ey~s • or.. ne~to;ncr~tion 1 normnlly 

EJ::Ot ret~Rins • De&;en~ration HiJP:~::.-rs to have 

produced. Ct sin.:.le ocellus in phaniptarc. ~·-:t in 

' 



504 

f'O ce:.i;e doea the cO~'II-'Ound ey e ue~en~rn.t P. into a ,...·ell ,. 
nevelo~ea ~roup of ocelli . 

(~ii ) In Ins~ct l~rvne • 

').h e lnrva l ocelJ.1 preceed the OOlJr;ound t~ythi in 

ontoi;elly f'nd (-~ re uo1i th~ p roducts of itF ,1 ... ,. ·cn .!r< t:i.on 

Jlv) In ~~ilobiteR • 

'l lle tuhizochr~::-1 11 ey'-:O -renembl1n,, tho ne of ~omP. 

Ort\R tace&l ht'!r~th c UO":Op Olffi(l c:.ye h 1=t9 degenel'tJt~d ) 

End. the bo-ca:,_J.P-d ni r f l i~ l f'. t e r r-1 eJJes , ~.r~~ b ot}1 

r resumed tht. L thaF. ': ey~~ • ll.k~ thP. p xoducto o ·( ~ en-

c r a tion 01 tilt; cor<J:Ounu. H~es ib Crustacea . "ere 

O.t:.mh ti riial r a tnd· tha n oce llar in form. 

r h e lrt t e r c: l ~y t~ S do not dcgen~re.te into aepqzoa~e 

other thrn co pound in typ .... 

( v1 ) The A:r<~chniua • 

It iiJ possible ttt!.t the ln.t :~:rr l, Bi 1ple "Y'=A in 

Arachnida bn.ve b een f~rrr f'"d b y t he ~ietrsm l';ra.t1on 

• 

that the ccur-;oun0. P-VP. a • ere los t Pnf.. the ocP.ll i 

for .. ed Etn~w so that t h·=-y ar~ n~conda:ey and -· ithout 

near -rel~tion to . tb~ l~t ~ral :~yeo of other /l.rtllro;~ods .. 
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lY!il I~ DiplOEOdS • 

The lfltP.ra l ocel li characteristic of li'91H~ t)iplopods 

f.l•e !'10t. known to hn..re beBn for.:ue<i !:rom Myth1ng 

~ vi~.i) If! c;hil_QJ?od.G • 

There is no p:rt~cedt:nt for suc•l a n ori-,ia for a r roup 

for:n~0 t' itb.:r J. .. t u itively ur s~ccrl~lel'ily fror_ a 
' I 

Crustacea • 'I·r~lobit~a , . ''l.trypt r~lida vl" Di plcro <1s . 

It is po esibl e- thnt th"" ·~yea of ~1phosu:rn m~y 

but tl e r .. :\>:1dence fC\1' tlli·· i R vr>ey incot:J}letP. -

rc~r~ \' • 4I7 • 

' 



is probhbly convaTg~nt • ThP peculiarities of the 

lr~tter are du e to their :rt:-forrnation froa ? partinJ.ly 

deg~nern. te compoun<i ·~"/ '"! :rud.1lt1Bil.t and of thfJ .f0l"mer 

ere d.ue to the :1F- !:ly atr:c:;t~ of development 1 n t which 

th~ €YP. ruc.irn•~nt b~cc-.n :.B :fu.nctionpl. I n tht~ !'e:naining 

InGectn tht~r~ let no in(li·.·;ation in onto~~ny or 

c.n~tc;:;y of tht=; for·~E.tio J , ~f tll; cmftpotm:1 e~TP t r 0M 

eepa.r'lte unitL . 

n~.rv~ · t 1·c :::t...Lor. 1r• o , th .-.c ~ '.lei"~ of ~;be ocella r 

t~l3 r:nti v :::rlr ;. :i. mil<Jr t('\ tho:18 r ... ~· ;)iplopo .ts . 

t o hc"'.,;·e t)ce1. fL··n •_,;_ ''P.L4 ti'\ f...: l y recent .. ly by ;:n 

Si;~re~ation 0f Fel' f .:N t ::. m .• J .. ts, po~ slb.ly .resP.r.lbl in~ 

those of otht~r thilnpoc.;.s , t-~cn .i.bly of ? '1.1ore -. '?'n llil'alined 

ty;' • 

a r: ( ~~ ~ ::: Lt'!.:< J-. h~ fo:r~.~ ti0:'1 I of r.tOrf: !'° C '}llt OTi ·i•) 

t;tu•.n t h (l' co :'ll~~:Jund ~.;,~ of c ~;1t E.r J~~thl'OJ10tiS , in -t i oh 

en ori~ in fr"ofi~ ::! n ~ t,::r.ep,P.tic,n ~'f se!)o.rn t e ur, ito 

_.,_~-- ----~---
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Oolleation of mat6r1al. 

:.toot o! the m ter1n.l. which was UHod ttt n 

colleoted in the neighbourhood of Qrabamsto~n, 

or r-t Port l.l!l'ed. The &peci~u£ of Pbiloacia 

nd o,.cut;s:ex;,a were obtained at nurban , wllilf! the 

Lioulua mat~r1al ~as American. 

Direct e:xal3ination of tuaLerid.l. 

~xterna.l exanina:tJ..on of the .... ve a o ~ .·bol~ 

s ho1ts only ihe form of -che lenses. •.rhia is ~do te 

clearly made out a.ftPr l'e!r!o,rtll cr the unde:rlyin.~ , 

J lif~l!!ented ·ti9sues w1th KOH. 

A.tte p~s were wade to examine ·tih:. i.u"G~rnul 

~ tructure by dissection after i!iU.CEt.ra.tion in Bel •- .tuler' s 

mixture ( cee Lee, I~21 , p . iHt7, • o . 532) . rn,_ for 

the c.;onH oelln counted 'but thP m ~hod w~a oth••:r-

:i.se unGatiafnotory and aectioning waa ae~c,sr.try. 

lliorosoonic examination. of materl.l!:,±_ • 

~ing and fixation • 

teclwique tL~ text-book~:; of 'ell ( I~rn} 1 t,~e (1J2!) • 

Geyer (192'7) anti '·' ltrlngh v.m {r93I) ~n( r~-1"leton ·m.d 

Lc·oh (!9JB) were oonnult~~ . 

In al! canm; upec¢J.mens we:re kJ.ll ed in the 

/fl.tu.tlve 



f -" '! T 
. .~..~~-

w&.t cr or lll '-' loohol; t:<>:t:ta Ag)y!~ oubl:trvlt~~ ~n \V..t. , r 
. ., 

:1. ttl uot t_.; ~wla. o.r wl. t.n forrl<ol t .. 1 tri.:f\hl'' , IJ~l, np. 

'*4• 4c); Bouih' n f.ixatiw ~nde up wi;h diBtll l ~d 

1rater1 it:r4 se~! n~te't or 1n alcoholt ; ltl'"in!t;l..t . • IJ:SI , 

r·. ~7); :}icrQ-Gh~.loro-Aoetic aoid {: 1tr:l.n~bn~ , l.~3:r •!)• G) • 

f 1c ric !i.C icl :t.ll Ud ~· alcohol ( Lee , r92r , P. 56 . ~ 

·.u a •e fix~tlv.-;; (oa::-l2ton and Laach a I ;.;::B,.~ . ,3: .. ); 

F•et!"Jnkev1tc~'~ fi.~ .• :ta.v~ ( Lee ,. r~tn:-., ... 4~1; 

cv.r;·wy' t flttl.d ("ltri~~b~"': 11 I93I,p .. 4?); ~~enke:·ts 

f J.."!).id ( Ca.:tle'O.Qn :tlld. Z.."tach • 18:~8 t 1 • 31) (Uld 

Fcreuy-1•,,. fluid { Lf}e .. :r.~:.n ....... ~6) . 

• 

alooholJ.O ~ol':ruae1ve aubliou.te r. u~i i•lco:.oll.c 

"eouin gav-e ~~cod :teeult= wi lb the sm~lltr.: fc:t;~~:; ;u .. 11 

t:: tb111n~r cuticle. :.nel"e too cuticle ~as "tbl.ck 
/the ~1o~t3 
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"Q!le t~OT.e pcuotrtitl.J\t;, flv.idB Of ,i'ct:runkevitc:.£ ruJ. UnrilOY 
'~ ... ;d. 

·r,ve bettei" r.::.:uito . 5 althou~ll aarnoy:»,..t c:nJe:i to dit.:Jolv<. 

tb~ con~ sec .ret ion J.U ~cut i gerolllO rpha. 

ftx<J.tives weT~ best emplo1J'ed fro,l a.hout t~u to 

sof~tniug of Arth:ro;:od ya.n.teriMl. 

trea trtttlnt ~'-l.G oru.~ tted in ll!Ol! t cc~ucs • ;">ectio r1inr." ~f he 

eyes \lon~ ltiuii~ises the tUff leu:!. ty ot uuttlht; tbe 

~hi tin.ott~ ~·art~ . In the cxn.UJina.~ion of ~)l.lopod ~..yes 

it t1as postD.-oJ.e to ot,t:-1::1 nc..;J..y rno~;J t~H~ tJpeci~ eUJ 

eo that it •~s not nccesea~y to decalcify the 
· exoa.IC.el~!ton 
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«XQukeleton in acid bathe. 

~'!lk ... utal_p.iJ~.!!.~!l dtaEi~ptation • 

It is convenient not to remove the pigment 

until afte% the nections ha~ been out. It~ presence 

HlloYts stna.ll eyes to be :readily seen and ori~ntated in 

embedding and cutting. On tbe slid~s i' i3 mo~e 

readily removeri than in bulk and the· degree or 1 ts 

solution ~an be easily controlli_:d. Hulk staining 

J.s 'therefore U1:vrn.cttm.>.ble. 

Clearing • 

A'i first ordint:':ry ·~ax er~bed.ding n'1u attempted. 

1ihe follo~ung cl,Jari~ n.genta ·wart~ used : 'toluol• 

f..eu,.,ol, Xylol , 6 a:tbon -tetraohlori.le. Chloroform , 

Terpentine. 1:eroineol, Cleve oil ami C!edar . ooci. ctl of 

varying grades. Clove oil h~d an escescd vel.t ht.r(,.en1ng 
' 

effec t • ~'enutratiou of th~ wax after 'Beu~c:~.:.~ , t"li.rbon 

te~ra.chlul'ide , Chlo:eoforrt , and ~e:rpcntine ·~a 

I~0 ~1 :r in mo9t cases • Toluol, Xylol and ced.n.r G ... d o11 

eru tlle most aa.t1ad'a.c~cry and. of t~ase t he l ~ ... ~'t as the 

Plain paraffin ~a:s: ·~~s tl:l~-J !'~.::t~-t embeddi ng 

\eC.ium uced • · nzeo with mal i int; point& (t'f from 48• 63 

degrees were ~xied • ~.cct of t he nec~ior..l.l~e orlc as 

done in summer nnd a xee i th mel tinu: n<:>lnts 
toet" cen 
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These ?18.:&: Gectiol.i.s ~e:ce however readily torn especially 

in th~ir outer parts. 

A preliminary pa~uage of the tissues turough 

a hlethyl benzce:te ~olutiov. o! 6cl1.oictin a..Tid a subsequat):t 

;~c..rl3tu;e tb.rot.tlh 11en~ol into wa.1; was then attemptP.d. · 

ir..f!.lH.:t~tion o!' Ci~lloi11n as ut~ed bj: 

I c· r - q~':) "'"' l .. .., \ l - l. - .: ,. _.., .. 

I. re tbyl Pezo~t~ solution of O!!loidin (~ ) 

}'. 1 en~ul for ontJ tcur and t no.~ fo1· three hour~· rbove 

than tlloae 

o"otain~~<l. ·ay ·L.ho fi ret method. 

{ ~(.) .. I 62 ,J.vv , D . 

The dehydrate~ tiJsu~s ~re i1m~rsed ln a ;. 

:!~," solution of 6ello id.in in a .lliX.utre of seven'iy !i ve 

pft.rtn Of ether Witll t~e!.1ty fiV~ ~~TtE Of O.bsolu"te ~lOO~l. 

This is allowed to evevoi!.r::Jte t ra!.lU£ 1 ly to ~he 

( rnixeei ui th alc<>hol) 
&.n~l 
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and solid Scheuring -Kahlbaum Celloidin were used - the 

former with greater success • Arter infiltration of aelloidin 

(usuall·; over a perion of not less than ten days ) 

the tissues were embedded in small blocks- in water colour 

paint pans • These]tere cut to the required shape and size 

after hardening in ehloroform vapour. The blocks~re then 

placed in a saturated solution of wax in ehloroform and 

remain the re for some hours unt~l they sink ~o the bottom 

after v·hich they are embedded through four wax baths of a 

total dueativn of about an hour , the wax remainin~ round 

the ee~loidin as a border in the final block. This facilitates 

the formation of a ribbon in cutting. The method gives an 

even penetration of the embedding medium ~ithout the necessity 

for prolonged heating and consequent hardening of the tissues • 

~t also eliminateg the use of cleari~ agents which have a 

hardening affect on the tissues. 

Cut ing 

A Cambridge Rocking ! icrotome as usee. Sections 

thicker than 3f to 4f are of little use for the demonstration 

of the neurofibrillae, the structure of tht: rhabdom or any 

of the finer points in the anatomy of the eye • 

Sections between 2/-"' and 3/ in thickness are necessary to 

make out th se structures • 

l'ountlng 

Mayer's albumen was used as an adhesive material. 

The sectio~ were mounted in the usual way. Great 

I diff'icul ty 



d if':ficul. ty was experienced in obtaining thin,:f"Iot sectiono 

0~ celloidin ' this substance showing a strong tendency to 

w~inkle. Sections had to be left :f"or at least a w~ek 

before staining y,·as attempted . It' stained after a 

shorter time they floated off the s lide very readily. 

Solution o:f ~ax and eelloidin before_ staining. 

Be£ore staining the wax ~as re~ovcd in {oluol and ~ 

the celloidin in a bath of ether ( seventy :fiTe parts ) and 

&lcohol ( twenty five parte ) • 

Degi t;,ruten ts. tiqn. 

The pigment is rerr.oved by Grenacher' c fluid 

( se~ El tringham , 1931 , p. ~2; or F.owlend' s f l uid 

( see Howland , I9II, P• I45 ) • Ttte length of' tlmt does not 

exceed :five or six hours und depends on the thickness of the 

sections • Depigmentation can be sto:.'Ped at any point • 

\·iashing out o:f the de igmentaing flui ds must be carried out 

be~ore s taining ia begun. 

Stainipg • 

The fol lowing nuclear stains were used :­

l1aem~toxylon of Delafield , Regeud , Kleinenberg, 

Weigert and .l.e1denhain , !Iaemalum w1 th nnd wi thout acetic ' ,;J 

u~id, .Borax ~R.t-mine, Acetoearminc, :~zocarmine, Carmalum, 

.c'e.racarmin, Babe's sa:franin, Carbol Fuschin, Bismark 

Brown, .e thylene Blue, Formalin ··ethylene B1ue, aqueous 

Thionin, :~ethyl Violet and :ethyl Green. 

/The 
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The following cytoplasmic stains were used in various 

combinations with the nucleat stains:- van Giesen , 

Erythrosin (aqueous and alcoholic), Ornage II/ Naphthol, 

Orange G ( aqueous and alcoholic), Eosin (aqueous and 

alcoholic), Congo Red, Bordeaux Red, Acid Fuschin, 

Rose bengal, Biebrich Searle~ , Neutral Red, Met&nyl Yellow, 

-~~r Bl2e Orcein, Aniline Blue, Alcoholic light grten, 

Fast G~;en in alcohol and clove oil,and f icronigrosin. 

These stains were all made up and used in a ccordance with 

the instructions given in Lc: e and q&rleton and J.each. 

The adherence of the celloi~in to the slide \·as weak so tllat 

it was :found best to stain the ~lides innividually 

and in a hori~ontal position instead of in a staining trough. 

Heidenhain' s Iron i..lum Haematoxylon was t1'1e best of 

the nuclear stains. This differentiated the cone and cornea 

the rhabdom anr1 the neuro:fibrillae in varying shades of black 

and purple. This could be successfully counter- stained with 

almost any red or gre ·.n plasma atain and ··a a most generally 

used. The Azo Carmine- llliline Blue~ Orange G stain recomm~ 

ended by Gurr in his pamphlet ( . p. IO ) g:.ves a brill-

iant e:ffect in some cases - e.~. in .'.:yriapod ocelli, but for 

general use the time taken and the difficulty o:f trans:ferring 

celloidin sec tions through the lnrge number of baths invol­

ved , ~as not really justi:fied. The differentiation with 

/Haematoxylon 
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Haemato~lon was eutf1e1en~~· and involved only two baths 

as opposed to the rollowing bathe involved in the Azan 

ata1n•-

(1j A .25~aqueoua solution of hZO Carmine with l m. l. of 

glacial acetic acid used to stain the sections at 50° C ror . 

one hour. 

(2) A ~c.1 solution or J\niline 011 tn 90 · Alcohol used to 

differentiate the stain until only the nuclei ~re of a red 

colour. 

(3J l m. l . or glacial acetic acid in 100 m. l . 96t Alcohol 

used to stop the differentiation. 

(4J A 5 solution in distilled water of , hosphotungstic 

acid used for one to three hours as a mordant. 

l5) A solution made up as follows :­

~ater soluble anilins blue 
Orange G 
Glacial Acetic Acid 
··ater 
. arnt and filter when cold and 
one in three in water 

·5 gm. 
2 . 0 gm 
8. 0 ml 

lOL ml 
ror use dilute 

and used as a stain for one to three hours. 

ethylene Blue was useful in some ce. es in showing 

up the ne :.·ve fibres - see fig. 56. Other Hae~t.oxylone, 

i.e. other than Heidenhain'e gave rair res:Jl ts but the 
t 

dif.f"erentiation was not as good as ln the ease of' Iron Alum 

Haemgtoxylon. 

~~e results obtained with Carmines wt re on the 

hole poor, though Acetocarm.ine . was use.f"ul as a tempora~y 

strain 
- where -
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where it was desired to ~etain the pigment and stain the 

nuclei a contrasting colour. Biama~k Brown and the remain­

ing nuelrar stains were more diffUse and did not gi Ye 88 

r1ne a ditrcrentiation ~ as permanent 8 colour as those 

mentioned aboYe. 

Jiost or the cytoplasmic stains were or more or less 

equal merit. Light Groen and Fast Green were quick, useful 

stuins giving a good contrast to the pigment granules Where 

1 t 1188 desired to retain thea • Light Green kept 1 ts 

colour satie~actorily for at least two years. ~osin and 

.c.rythroain were the moat com--:-only used stains as they gave 

a rnpid and permanent colour and a good contrast to tb 

Iron _·.J.um Laemotoxylon. 

Final ountine;. 

fhe slides were cleared in ~lol o~ Toluol and 

mounted in Clari te or Balsam. 

•tcroscogY and Drawing. 

These particulars are indicated oh the sheet 

atthched to ~ach of the figures. The drawings were made with 

a camera luc1dn in nearly all csses. uhere the outlines ·ere 

small
1

even under high powers , they were enlarged by projection 

through n camera before the details were ~11led 1n. 
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