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Introduction. 

In this thesis the .interest has centerc cJ. 1 1~dnly 

on the comparative anatomy of the lateral eyes ot 

Arthropodst especially the compound eyes, with s ome 

particular reference to those of Chilopoda. The comparative 

anatomy of the eyes of Chilopoda seemed to b~ c~ interest, 

since they possess in moat cases s i mple lateral cyoe , 

which are not characteristic of the adults of . ny other 

group of Arthropoda, except 4rachnids, to which the 

Chilopoda are only remotely related. In a :reu cnses -

in the Scutigeridae - 11 compour...du eye a are pre~rnt, which 

are ver.r u~ueual in their int~r~l anatomy. 

The following possibilit i es with regard tot he 

relat 1on.ships of the Chilopod eyes present thcrJUel ves. 

The simple eyes may be the products of degener, tion. of 

a compound eye. Alternatively ~hey may be ocelli of a 

very- primit ive pre-compound eye t~~pe, persist i n:, where 

in some c~ ' es a compound eye has ~ailed to develop. As 

a third possibility they may have been separately evolved 

in forms, in which the compound eye wus lost c~ ~ailed to 

deve1op. In the last case they would appear t J oe 

unrelated to those of any other Arthropods , except possibly 

those of Diplopods, to which they ure very s1nil•1r in 

structure. 

The "compound" eyea may bo or the a ame type as the 

compound eyes in the remaining ; ,rthropods, w1 t~ the 

I di.C:ferences 
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di:r!'erencco due to de gene -at ton, or to Sl>()CinlL; t i on. 

Altern tively they may be ot a uepornte type ul ;.."oroed 

seconderlly, e it bel' aa a a int:l e new otructure . ot• ~uY 

coaleocence of ocelli. 

Tbo enquiry into the 1ntcr-l'elot ionshi~;o or tbese 

eyes and their relatione to the eyeo of other 1\thropoda 

raieea several points ror 1nveet1g tion. 

For the eompound.eyes it 1e neceeenry t o docide 

whether they were pr1m1t1Yely prc~cnt in the nnccotars 

of soma or !lll of the elast..es or ArthropOd.3 • l'\.d tfhother 

they ha:lV~ a oonmon or more or laso diverse ort£:·1n ·rith 

some evolutionary oonverg€nce. 

~<~the l ateral ei ple eyes it 1e nece~~ ~Y to 

decide ·.~11P ·-her there nre any 1nd1ci t ions in J. .. 'i.yloeeny, 

ontoseny or anato~ of th~ primitive or aeccna ry forma­

tion o~ a compound eye by the ag£l'C£1'tion tYt nn .... "ouo 

ocelli or the elaboration or cne or these. 

ation mie1t be expected to throw liLnt en the criein of 

the J cuti cr1d eye. Altcrnrtively any indic· t1cna of 

the :rormntion of simple !"rem COt.l:POund eyes r.t1r;l~t rJ4lOW 

whether the Chilopod simple eyes cbuld have evolved in 

this w~ ~Pom a scut1ger1d or com other cor.Jound eye. 

lledian eyes are present in some Trilob1 te .. ,:ur'!ptericb., 

Oruetnce , Hexapods and Araebnido. ~lthoUf~h tl1oy exhibit 

eonaiderable ver1at1one 1n etl.,_tcturc, they art ' 11 
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As they a.re absent in Chilopoda 

and in the :rewaining Arth:ropods al'e l~n.tirely sepa:rate 

in origin from the l~teral eyes , with~ aepa~ate aeat ot 

innervation. tb~ir comparative anatomy is ot little 

interest in thia case . 

The main portion o£ the thesis dBal5 with the 

comparative anatomy • origiua and l'elatiouships of the 

different types of co~pound lateral eyes • Tbe aaeond 

p%A.rt cowprist!s ... sho~t ~\ppeau.i ~ dea-l inti; \ i th uimile.~ 

asp cto of bhe lat~~al ooelli. 

Detailed desc:r-iptions a-nd fit;:ures have 

been ~i ven for the .,J'OS ot ... ight .sp ~eiao . ~..>me mention 

is alao roaue of points observed in the internal or 

exteru, l anatomy ot apaoies hich were studiet! in less 

O.etLi 1. l'h~ tt.eol'('t ical conclusion~ t re based on 

~at erial f:rou1 tlle aveilable li te:ratu~e and !rom these 

descriptions. 



4· 
Preliminary nate I . 

The basic otructure of' the ommo.t idiurrL:O r coGprJunC.:. P-ye unit. 

All 1\rthropod sense organs consist of' the follow­

ing parts s-

a) An external receptor, usually a hypodermal accret ion, 

which limite reception to , and enhances the ef£cct o~ s 

particul r stimulus . 

b) Sense cells, which are either primary nerve end cells 

or secondar11~ innervated epiderMal cells, throueh which 

the stimulus pasoes into the sense cell and tbc~ce Via 

the nerve to the brain. 

c) ~odificd, hypodermal, aecesscry celle, which my either 

ouement tbc intenaity of ~ atinulut.~ falling on vhe sense 

cells b~· concentration, or protect these cello i'rom the 

entry or nn excessive stimulus b~- absorbtion. 

In tbe eye unit the receptor consists c:: t41c 
r diotr1c or light refract in?. und condcnei~ strtt-.: Cures -
f' 

namely tlle corneal lens or f'acet and the cone or Vl treous 

body. :.t.'hose are transparent, colourless, hotlotcneous 

structures admitting and concentrating the lif.)lt i'11thout 

undue distortion, and protecting the underlying oonse 

cells frotl mechanical damage. The corn~al lena and the 

hypodermal cella secreting it arc continuous wit'1 the 

corr sponding structures in the rcneral body w~11. The 

underlying cone, secreted b· the hypodermal vitreous 

cells, is nn additionAl d1optrlc structure. 

/Below 
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Below the cone are the retinal sense ce11s 1 which 

are numerous, deeply sunken f or protection, not externally 

exposed ac in cases in which the e t i i.mlus is cou::-oe 

mechanic.nl one. (Compare Berlese' s diagt'at iS oi' the units 

of the other senses in Arthropods - 1909, ?it:t . 7 ~2-801). 

In eaeh Ont1latidium several sense cells rorm t.t rGt i nular 

group arroneed about a single longitudinal axis. l'heae 

are pri~.l~ sense cells, each the generating cyton o~ an 

optic nerve fibre, bearing along its iru1er lc~~ituuinal 

axis n rhabdomere. The rhabdomeres o~ a ret1nul nr eroup 

are more or less approximAted t o £orm a rhabaom. .ccord­

ing to some aut bora these .re cut icul~1~ in oric i n -

(Berleee, 1909, p. 605)· \ cccrding to othe1•o, 1w·. eve r, 

the rbab do is sensory in .runct i on an d cont '1 i lW t.1e 

thicke:l.cd .-.nds of the optic neurofibl•illae. 

accou"lt of' these different vi ews is £iVen in tbc !'ollow-

!ng p aF.as. 

The hypodermal acceesory cells mny be coCJ.f i e d to 
' 

increase or concentrate the s timulus, no in t he c·oe of 

the dioJr>tl· ~.c cone cella and the t apetal or l'eflc. ct ~ne cells. 

The latt r reflect light b ack !'rom the "base of the eye 

on a second journey through the sense cells. lt. ~·nntively 

these c el la may be modified as pigmented struc·t ul"'cs 

absorbing any excess light harmful to the sense cells. 

In addition to the accessory~ interomnatidial, pi~:c!'lent cells, 

/ the 



the retitllll cells as a rule c0nt rtin pigment. The 

arra:nge~nt cr pif:mcnt depends en the condi t l c~~:; or 
illumin· tion. The opt ic:~l isolnt ion of the ~J1ae 

6. 

cella rwv.rca tha·t each or.t'1nt1dium recei vea l:l.L:llt ~l'Om 

a small area only. Thus the i mage, :projected t h rough a 

multiple lens aystem into a discontinuous retii~ , dith 

the unit ~ optically isolated, consist~ of a ocs~ic of 

many po1nc " imagea" o:t" f'ielda o1' i ntensity, c ncl covres-

pending to a small part of t he ~ield of Visior . iben 

the optionl isolation is compl ete the ~ield cf o, ch 

ommatidium ia sharply defined and the vision ia deEeribed 

aa of the n apposition" type. In dim light tht. :'>1e-ment 

may be wi thdra.wn so tbat light entering one or , 1tid ium 

obliquely ia not abeerbed but paeees into the ndjnccnt 

ommatidia. The image ie presumabl y somewhat blurred 

and is known aa of the "superposition" tYJ?e. 

Some o-lJk·, views on the structure of the om··.1at id.i 1mh ----· ... ·- --..........- - --·--------··-...--.. ---·- - ---
1 1: the earliel" v1ev1s the most i mport ant .trc those 

o-r Grenncller (1879 } and l'Ettten (1886). 

Grenacher ( 1879) eonaidered th'c\t the e;y·e .ms 

composed of two layere, the upper consisting or. our 

cone cells, secreting both the cornen and the cryotnl 1ine 

conet the lower made up of eroupa of nerve end c ells, 

bearing cuticular rhabdomeres - which ure untt c-d into a 

rhabdom. 

/~ ... nch 
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Ench optic nerve .fibre corresponded to the retinal. 

cella crr ohe ommatidium. There: were twc base 1ent 

membranes, one at the base r;f the eye and one aopnrating 

the oone .from the ret ina.l cells. The interon: .. ~ idial 

spa ceo ·. :'"c filled with scattel .. ed p iement eel:..s . This 

view wun 1J 1sed on n study o: numerous different ll'thropod 

eyes. 

The atl"ucture of' the cornea, cone, rc.tin .• ~ cells, 

rhabdomei<!S , pigment cella, nerve £1l>rt c ond 1J c crJ<;nt 

membl"an~ !~as remained in the modern vie\/ much ... u in 

Grenache.&. • n . Grenacher' s view di1'fere .!'rom tlJ t at 

preser~.t eenerall.y aceepted in the ubaence oi' c. c_;rncal 

hypoderm, tb~ separation o~ the eye into t wo cl ~rly 

defined 1ayers and the presence of an upper~b~~ below 

tbe conea. The corneal hypoderm, which is not lcnown in a 

very large number of £orms, ·aa presumably mic sed by the 

earlier authore on account of the ease i th w.1:leh it ia 

damaged or overlooked. L ter outhors have pe~oistently 

failed tc find a membrane sep~ratinr: t~ e cone 'nd retinal 

cella. It was possibly included by Orenacht, ~· :orely on 

theoretical groundst as he considered that the . yc was 

made up o_ twc superimpcsed, h~~odcroal cell lnyc~o. 

~at ten's views (1886, P• 66G et. seq.) rerc based 

on the idea that a homolO£ ou.e basic structure &h::uld be 

traceable 1n the eyes of all the Invertebratcc. His 
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attempts to force homologies between the eye~ c~ 

Arthropodo and those of' ; olluaco seem to have ., ,..,ulted 

in a rather far fetched theory or the structure ot the 

ommnt i d1 um. .Although he hoped. "to l~educe the e3sential 

parts of: all visual organs t c one st ructurol r>l "'1, wh 1ch 

c an be followed up through ·tne hole animAl ktnr•(lor1 :rrom 

tlu:. loweet to the hieheat'•, L s Bedd'lrd (1887, J!! ·hhG i 

pointed nt .. t, "his Vierra wot~ld htve b ,td additio1 .. 1 merit 

if they 1'1... '.de reel cler.tr t he modi f' i c r t ion of thr J within 

t he Cr· .... ~ ... _.ca alone". 

~ lthougb bis views now a,Jpear aberrant , : 1cy bad 

some considerable currency in hie time. Coru;e'luently 

there ar~ uw.ny traces of his scv-.ewhat coni'uai:-:1£ n-.. men­

clatur in ·~he literuture or the late n1neteen·th century, 

when a 1 ree part of the ork on eyes was done . . nhoz•t 

account cf 11 is vieVIS is given to de.r''inc his nt::t.x~ .. 1cl ature 

and to inuicate what widely dif':t'erent interpl ct .tiona 

have been placed upon the~e structure. 

l1e considered that the eye consisted cf' t 10 layers. 

The upper was a corneal hypoderm responsible f'Ol., t11e 

secretion of the cubicle . (Grena chc r had attributed this 

function to the cone cella.) ~ltbough he woo not the 

first t o describe tbie layer (see :p .:i:08) , as ht' cla imed. 

was the cuse, he was the firot tc insist on i t. universal 

presence- ( r atten, 1886, p. GGG ) - .nd to poi1t out that 

1t ia -· ~duced in the adult e , as compnred \Y1th tlm young. 

/ The 
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The lower layer consisted of ommatidia each tMde 'UP of' 

concentric groups of cella, the innermost rine comprising 

four colourless retinophorae eurround~d by circles of 

pigmented cells or retinulae. Each cell eecrc'ted a rod 

or retinidium in the primitive condi t ion but the rods of 

the r etinulae disappeared in the more complex forme, 

including Arthropods, leaving the ret inophorul rods . 

These constituted a crystalline cone, continuou,.. through 

a short otnlk, or style, with the stri ated pedicel-

Grenach~r ' a rhabdom. The cone was enclosed i n ~ calyx-

an enlargement of the r etinphoral cells at t helr upper 

ends. For the reet the retinophorae were reduced to 

thin hyaline bacilli, continuous :f'rom the hypcdc·rn to 

the basecent membrane. The pedicel and cone wore 

regarded na continuous and as secreted by the orr.1e cells. 

The pedicel was regarded as dioptric and the cone as 

sensitive. Pigment cells - the retinulae - wcro 

arranged in ciroles about the retin~phorae, e :011 circle 

with an expansion of its cella at one level, containing 

pigment and nuclei. Othe~1se the cells were reduced 

to slender, colourleas bacilli, reRching from t c hypo-

derm to the basement membrane. There we~e t wo sets 

of nuclei about the cone (corredponding to Grenncher's 

accessory pigment cells) and one about t e pedi cel 

( correspcndinf' to Grenacher' a ret inulae) . Irrct:ulnr 

cells containing rerlector material were deacribcd at 

/the 
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the base of the eye. No generating cytons ap~)eni' to 

have been described for the optic nerve fibreo, which 

paee through the basement membrane and run up ns ~n 

axial et~and between the retinopho~ae to form n branch-

ing net on the eone. Each ommatidium received rour 

branches from each of four different nerve fibres and all 

of the cells were innervated at their bases. 

Patten's views differed from Grenacher'n in the 

following respects : in the presence of a cornc ·1 hypo­

derm ; 1r. the continuity of the remaining cello Erom the 

hypoderm to the basement membrane; in the continuity of 

the cone and pedicel (or rhabdom); in the secretion of 

the pedicel (or rhabdom} by the colourless retinophoral 

cells and not by the pigmented retinulae; in the cone as 

the seat or innervation and not the retinal cello; in the 

regular arrangement or the pigment cells and i n their 

homogeneous nature - (he did net distinguisn ~cc~osory 

from ret1nal, p1gment cells); in the absence of cor res­

pondence between the nerve fibres and the ormu. t id1a; in 

the innervation of all of the cells and not only the 

retinulae. Patten's view therefore differs f'rou the 

modern View in all of these respects except in tho 

presence of the hypoderm cell?: layer. 

Patten's views were developed in connection with 

the Branch1opods and Decapods, in which the C0J1Cil and 

/ rb.·bdoms 



11. 

rhabdon1a were contiguous nn.d the number of se[c?nt r in 

eaeh the enme. His views are, howevel"', totr lly 

incompatible with the condition in Iaopods, in ·.rhlch the 

cone and rhabdom are not so closely in contact ..... "1d in 

which tllore. 1s a disparity between the number o~ cone 

cella and the number of pedicel or rhabdom seenente ~ In 

Isopod& the cone and rhabdom are moat clearly the products 

of different types of cella present in different numbers 

-see L1g1a (p.;:.8) and Philosoia (p.57 ). 

Most of the rema1n1ne earlier authors we~e 

concerned with the optical properties of the ~ye r ather 

than with the details of its anatomy. A sum :'1ry ot 

these e rlier views on the compound eye as an op·!i ical 

system haG been made.by Eltrincham (1919, pp .8- 22). 

The first morphological problem to attrrct interest 

was the location of the ending of the fibrillae of the 

optic nerve and the question of the noture of' t he rhabdom. 

Many loc£>ted the nerve endings in the cone. Anone these 

Mflll er (1824, p.l et. seq,.) , ·.Yat:ner (183.5, P• J72), Leydig 

(1855 , P• .376), Schultze (1868, p.l et.seq.} ::.r..d l"atten 

(1886 , p. 666) claimed to have traced the nerve ribrile 

up onto tha cone. 

Claparede (1860, p.l9lh Dor (1861, p.22}, Chatin (1877 , 

p.l et.seq.), Kingsley (1886, p. 6oo), and J ohnns (l91l,p.2l8) 

appear to have accepted. t 11ie view, on theoretic"l e rounda, 

alth ough they could not follow the course of t he nerve 

/ fibrils 
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~1br1le in any detail· 

!any of the earlier authors attempted to find 

homologies between the eyes of Arthropods and those of 

Vertebrates but these were far fetched and without sound 

morphological basis-. The chief of these were Newton 

(1873, P• 325 et. seq), KinfGley (1886, P• 597 et seq} 

and Locy (1886, p.l03)• No l at er E\ttention ap)ears to 

have been paid to this matter, hich is now of little 

but histcl'lcal interest. 

Lowne held the remarkable view (1875 1 P• 577, 

1890, P• 406) that the eye should be divided into two 

parts (without nervous connection) The upper \110 tbe 

"Dioptron" and the lower the ~Neuronli - the Oj)t ic ganglion 

of later \Uthora. The upper was exclueively aocptric in 

tunction, and the lower exclusively nervous. This has 

been disproved by practically all later observction but 

at the time was a subject of heated controversy i n a 

correspondence in t'Naturett {1885, pp.,341, 342 , 433, 504, 508~ 

Pl'aotically all of the authors subsequent to 

Grenacher except Kinf sley (1886), t>atten (188G) nnd 

Johnas (1914) as well ae t wo e~rlier - Wuller (1826} and 

Schultze (1868) -have regarded the r etinal cells ne nerve 

end cello containing the ultimate ends of the optic 

nerve fibrillae. This appears to have been c~.~.lclueively 

demons trated by Sanchez (191G} . with the uoe of 
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silver impregnation techniques. His rcaulto wt:r•c 

confirmed by Eltringham (1919, P • 8 ). The views on 

tbe exact location of the endings of the optic nc~rve 

fibrillae nnd their relation to the rhabdom have boen 

diverse. To complete this account an outline of these 

views is given below. 

Some authors have regarded the rhabdom aa contain­

ing the ultimate ends of the optic neuro-fibrillae . 

Althougl1 Schultze (1868, p . l et. seq.) and Jollnna (1911, 

p. 218) r~garded the rhabdom ao composed of nerve .fibrils, 

they tho ) lt that these r an straight up onto the cone. 

Hesse (1901, P• 347tot se~) and Constanineanu (1930,p.253 

et eeq) have described the nerve fibrillae aa running up 

through the cytoplasm of the r etinal cella, rounu the · 

nucleus to end on the rhabdom plates or ''{;ti.ftcilen" . 

Hesse described a clear unpigmented ~~cbaltzcnc~ below 

the striated "'tiftchensaum" . The passage of the neuro­

fibrils through the "~ebaltzone" up to their cndines 

on the rhabdom plates lent the clear zone • etri~ted 

appearance. In some cases there were said to be minute 

thickenings at the base of each of th~heuro-fibrils . 

According to Oonstantineanu the structure was sometimes 

obscured by' a cementing together of the plates. This 

view ot the rhabdom had a very wide currency in text­

books, for example in those of' Bet• lese ( 1909, -·:p . 649-

/65~) 



6So),Comatock (1933, P·l37), Imme (1936, p. 82) nnd 

Snodgrass (1935, PP• 532-533, Fig. 278}. 

14. 

Other authors have considered the rhabdom as a 

purely cuticular structure. This RS the view o~ 

Grenacher (1879, p.l et seq_.), .1atase (1890, r-. . 287), 

Exner (le9l, p.l et seq.) 1 Jorschke (1914, p.l53), 

Eltrinth.o (1919, p.8, 1933; p.lo}, Altenberg (1927 1 p.38), 

Now1koft (1931, P• ~29), »achntachke (1936, p . 1G9) and 

Wigglesworth (1939, P•ll3}· Although thes nuthors 

have described the rhabdom plates in some at lc,,nt or the 

:forme which they have investigated, and have t1·. cod the 

neuro-~iurillae for some distance into the ret1ru.l cella, 

they have found no connection between the two. :atringham 

{1933, p.lO) considered that the rhabdom was probEblY 

primitively a skeletal rod, which later achieved oymmetry 

and a dioptric function. Nowikoff (1931, P• 19) and 

Machatsebke (1936 , P• 109) regarded the rbabdOt.s. as a 

cuticular.skeletal, refract1ng structure diaperoi~~ the 

light concentrated by the cones onto the photoaensitiv~ 

pigmented protoplasm of the retinal cells, in ~ich the 

nerve fibrils endli:tt In support of their view theoe 

authors compare the structures described by l!ecoc with 

those obf _rved in ordinary developine chitin, pointing out 

that developing chitin :frequently has a striated ,,ppear-

ance similar to that of Hesse • s u &t U'tchen". Below this 

/iS 
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1s a clear Bone of protoplasm striated in the direction 

o~ 1te accretion and interpreted by Heese as n '6chnltzone~ 

containing neurofibrillae. Diacr~me illustrntin~ this 

comparison are given b y Nowikof:f (1931 , p.2J Fiaa • 3, 4)· 

This 1s the view which haa been supported by moot or the 

recent workers. 

1r.gleawortl (1939, p.ll3) consider s th t the 

'rhaodoc "te composed of h1C"hly re:rrnctile mnt( ·1nl, so 

that lirht entering 1t will be tot ally reflect~d from its 

alls''" and it thuo forma ··an ideal structure t o .r·eceive 

nnd conduct light without lcaa't. (This is i n Cl"ntrast 

to the view of Now1koff (1931, PP• j25-~29}t he considers 

tbat th r~nbdom scatters end rerracta the lirht nd does 

not ret 1n it by total ref'lcct1on). He conaidcrs more­

over that the light "brings about n photocbe~~c~l change 

1n the structure or the rhabdom, the products cr which 

et1mulat the surrounding eenae cells. " 

ntever the exact mode cf net ion of the ·habdom 

and method of trttnemission of the stimulus :fror.l this 

structure to the nerve fibrillne of the retinnl cella, 1t 

is clenr that in the modern v1e1 or t he morpholoeY of the 

rhabdom there is a general t endency to r ecard thio as 

cuticular ~ origin and dioptric in function. 

\l "'llough the exact n • ture of the rh<lbdcr~ nd its 

method o: .1. unct1on1ne I'e!j'l.;'lin undecided at the ._'.i."coent time, 

these arc not iaaues Which .. 4r e likely to p!•eju<...ice the 

/ q_uestions 
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questions or comparative anatomy, and the investigation 

or the matter is beyond the scope of this thesis. 

The views mentioned here are illustrated in t he 

a ccompanying coloured plates. 



PLI'TE I . 

VARIOUS VIE:WS ON THE BASIC STRUCTURE OF THE OMMATID IUM OF 

\HE ARTHROPOD COMPOUND EYE. 
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Cone. and r«t"•'"'a/ ceUs 1n t..vo 
\Q)'ers Sf!porarft.d Py <1 boJernt.nt 

r""r"re.,.,.,b.-ane.; 

Cornto9en and rel'T\0:,...;,...9 
C<!lls form t....,o la~rs ; 
' Rhabdo..,..," produ<~ by 

~t;nophoral cofoude.s s cells 
ctnd C'ont;,...,ous """';th Cone. · 
(Rhabdom = P<>doc:,.f) 

f?habdo..,... produc~J by p;o,...,~nted 
"-t;nufor cells f'IOt in c.ont~ct 
.....,;th cone· 

lKEYI 
Corn to I le.,.,s 

l Corn t:Oi"'tnO\&S 

J c.,..., c"'lls 
It Cone s~c.f'c.t;on 

coils 

:t-1 

Mod,..n v.~w :-
Corneagtn~ cone a,.,d re.t;""al 
c"'lls form thrae layo.rs w;th tn ... 
lost t .... o not Sharply S<tparat...d ; 

Rhabclo,.... produ"'d b y pi9 ""'"ted 
Tttt.:u:-1 C<t..lfs q..,d cont;iwou.s, not 
co,.,t;,...,.ous """"'ith Con~ . 

S 'Iris" P'9""tnt ulls 
b Cont,:., ... ot;oo of c.one- b.qt. .. ., , ret ... nql cqlls - Pcttt..._,.,'s ··styl e. .. 
7 Rhabdom- PoHen's "p.,d ·~~l ~ 
If Ret,;,"l c<!lls _ p;~,.....,nt .. d 
'l Int<!ro ..... mot ;d ;al P-9.....,ent CA! tis 

10 Opt(c noorve f;bres . . 
11 Cot"'\t,'n".u~r,·o.-. of- opCt c. ,~rve 't"'o n.,.~y•n9 on 'ont · 
12 Uppe(" bc::t'S•r"n•nt rnll."""brqn~ · 
13 . LO\o¥4:r ba'S4',...,Gr1t rYtlll.rvtbrQne. . 



t. ~one c..~ 'f.~ f'ul1cris retina,~ 
;,. Cone secrel:io<l. 
{1.-.,:' p·tqrne"r c.elb 
~ . Retlhol cell~ 
~.Rhc,bcbm produced h) t lv 

r-ehrcl ~lis. 
t, <oM eJ<ten~ion belvue en the 

I.IP!'e'" end' ol- the rtm010l celb­
R::llt"en'& .. ~vie. 

~. R.llin;, J>4d icr;\ CONl!!sponcl"';) .5 
Sren~ rho.bdem bur 
~ured by ~t;"r~o.:>hon::::te 
nor ret.'nukte. 

S. Voriob< nurn~n of· pi"qrrY!nr 
ce!b -nor:;h~ indtviduolly 

PLAT£ 2. 

Contd:-

l"bdeo-- V.e..J. 
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Preliminar~s~~ -ll.· 
JbL!!9.!?1tJ!.~l_a_!:~pe pf" YJ~un_1_y!li_!:g __ r.n9 the __ separa.t!211..: rt 

_:;...;;;;..oo..;.-(' ~~.z.-..§..!. y-·1-.Q.__:{ ~d!..L. Q£~ + 11 _!md __ s ..:J.Q 

Sor.1e c~ l .. _ ' ic...1 o.ppenre tc, ex i st r.:o to tbe !.·rcc ~_:: 

m ;nn inr: oi~ ti·c t -'""10 compound e-ye, ccm ... lc"'t ey , s L.1 1 

eye nnl..l. ocellt·c. Compound cycG .... r_. m tle up of 

U'li·'· r· kncvm r.s c· .a tiui'l -bose strrctu;: 

t~[ to thia 1 c _ ~ tructure are rvuna only in the 

~cn:·,ound eyc t' '·. ' L:.'lecte and 8l .. t..:ott:cec, wh ich are sc~.u..-

Latcrnl 0yc3 ~ode up of a&eretat ions o~ unite 

ap-prox1mntitC -'.; the orrmntidial condition are found i n 

Xiphoau.:ra fill,. i::... jcut i e;eromcrpha end nre customnril~r 

rnd c~nvcnier~ ly ~erned compound eyes (or someti~es 

"~oeu~ .. o-coml. ~ T.m.dn .. yes, here 1 t is d<"ait>ed to ernpbaeiGe 

their structt·r J. ·.epnrture :from the )lnn of' ~he ••true 
,, . 

:·-em_ curd eyes,:. 

en n<. c 'Ll c..r their ccrn_f-1 otruetu.re the l rt i. erni 

eyes ci' 1'r1lcl.l ,&Ja tnL-1 .i.!:urypt ei·i<la ttre usually terqc~ 

cO::l.?Ounll, ::i ltL ~.-;. ~l n.o trace cf t he int(. rnal etrue t ure 

is ~.recerv((: t · e ·.n .'i rm this. ( 1*11c !ln jcl~i ty of' the 

:·;ilc tiw~e , e ~ t l east of t~:c .urypt(~r1da a?prooch 

the c , :1.di ti c. i. -.i.):1ooura) . 

/Tl1e 
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The lrt~rnl agrregations cr ocelli (not om~atiei~) 

i'cund i n eot.l(; lDlO_lO/is as well as in the eyea of' 

' 1 O•~e 'lal.. CC,. f ( Ul ~.l '1 CYCS • 

The t(r , '.; in.Jlc" eye ia t:\ some 1lnt indeflni ~~ 

cnc 1 .csely t 1 cd ,n.d conveniently r.:tained., to denc.te in 
I 

cene_•al ony lacd. visual, ~ igm nt sp- t, ocellut .. -'l'> 

;.n OCf :t·,:. lo a particul~ ty_ e of' simple eye 

b:.Vitl£ a str·uct · · i grade ncre hi[hly r- .·gc ... n taed thf>.. 

t11~.t :.:f' n cc-- · :.1:· eye. Confusion in the emplo~tcnt 

of' tbct e te.r1.:. · c co)mon but the customarily sanctir:_ d 

usac:e is ~ s fc lr. e. 

oeelli, are t 1 "'! r ChilOt>OdS (excluding neutierrom,.. 'pha), 

th 3e:_"'orate, c ·. ·. le ,·ye r f Diplopo ~s 'Uld the units of.' . 

t11e1.r ccm_;lex eye ( po.-s tblJ' wi tb sc.~-:.e t!oubt:ful :fos ·11 

c.·ce. t ions), :1 a i t;le eyes c:f ;rachnida ( oth ' r t~1nn 

g r at majori t: , thi! la terrtl E::;c~ : .r Ir.nect lar•vae. 

Ti!c :~edian €:;.T~ : tll ·\rthronode, in 1Jich these r .. 1 .. . 

Pl"'C: ::e::.; J sr€ c c_ l, : ltbcugh &c. c 1 .. _ c .. .' n 

/The 



The sc-("a11cd latei•al ocelli of Crustacea and 

ad~l'. lnsectn {ether than those mentioned immediately 

"'ibcve), ns we 1 nn the sir1pl" latcr~l eyes o:f Trilobitco 

ore rct·11y t h n • t i <... iol remnants ct' o r-educed ecm·.lc'tmd 

Int er <1"- ~te typee ,nei t11 , r tx•uly co 1pound ( o1~ 

Cr:lr:mt . .... inl) nr r ~rnly ccellar i n ..:'em, CCCur in S one 

cnaee. l:.'Aclu · !:f! the i nst anceo c.f.' com~ lex and pscu. c. 

ccmpcu.YlC: ~yer.o c::1.11 0!":.tted above, thc..,e intermediate fCl"!"'£ 

Tbese larval YtD 

c;.::,~ldltlon not nubGta.ntinlly d ivorced 

f'rc!:l ~hot ,r ~ll( C"'"'a unit:.. of" e or.1.e ~\_)terycota - he1•e 

terr~ed om"'1ath:ie. Such larve l eyes urc perhaps best 

t ermed "si npl :" yes. 

f.:.'hua tlH t rm sir::l!)le eye is Ut..ed where no def!ni tc: 

lr:1 licption c.:f !.t~Wl"' ommatidial or cccllar grade of 

c rr.anlsnt ton L ) _•(~sently intended. The table on • he 

:'o:?.lovri_n.g pngeu iu n rcu[ h ruiclc t 1 the ee!Jarat ion ·-f 

ce11i from c··~_:c:m.d eyes or tlL:!it c o-Jrcnent o~1rnatielr. 

ThiE o:;plies r: ;; :c tbe separut icn c:f :~bt mere ext1•c·:c 

c 3LD ~~ bctt ~y n. 

(It i[ :~t :cssibl~ to list c~ncisely all tbe 

intc r•raediFt( v .::i :.:). t Lms ~·cund i n ..::seudccc-:1 ound eyer;, 

com_ l ex eyct.. C"'"t";i'lt i d ia-lH~c ccelli). 



20 
li ecc'>a.t-ison ' _, th( structure of an ocellus wl th thot c:r ll _.............,._--..........-___ - - -.. ---------~~·---...... ______ _ 
C01ll!£UP.£_~ 1 ~-- f_ .JJs ogmatidial units. 

Q_qeJi~ Comuound eye~and their 
£Ol!Ieonent om_rnntiQia. 

-·--...------4 -- -- -----··· .. ---.. - ---·-- --·--.. -

·;,•,;ch ccellue ~·· ::: a o inele 
lens. 

fcc~ 11 -n ... y .~·c .. ~ . :1 ~rre-
r--t ~.cr. ns ir.:· c 1 · ~ or 

· ( Jc .1 :--t' c,.,.:. c l ·• :yes . 

Circ 1.l1 r in . -;, 
\'lh ,. e cloae.L:_ . 

.J ico_·_vox i n ... cct · G~~ ~ 

Rach eotipound eye has m L' :,n~c 
contigu c.us l~ns~s. 

Scr:1~t irws reduced in nw,bc _. 
to n n'i.nr·l< c~:'atidium, '"'nt 
sepnrate< .. . 

even 

liexarcn 1 ci• t e tragcnal, c- c_~.~~ 
where s~_ ·arated, ''i'hen tllt":/ c 
C .ll'CUl£'1"' • 

Hit:hl~· 1d.ccnvex cnly r;br:-~ 
dcccne:,:~utc . Otherwise ;. t. .:-· :· 

bic c-r·vc:c, concnvo-ccnve"'l: ~r .. 1· n 
conVeY.:, •,'lat tened whel'C t!: .... ~ ''; 
ie r. r:oc.tl rccnce of ac~jr·C'ert 
lenses. 

The ccri)..:J::J_L" .~ ..... r._L_sell~ 

V riRble in n·, .. :; ...... ... ! umerous .TY'I.J icolly n small f'ixcd 1 ·~ ~bt..Z' 
for ~ o.ch Or.l'~l,..t idium. 

Game 'hnt i1•rcr 1.·" .• "lJ arratl£ed.Reg\l]arly nrran!!ed, e "'(-c.C)t 
where the fAC(tB are ~oot. 

FoMir~ a cel-t inno\1S l oyer Form n continuous layer bclc':7 tha 
be lew th'· ler ~. · .... ~ lnterally leru:. Later~ lly C:iaplace in 
J tanueell ubN~t .;. ·~~ aides. some casco £" r.C:. :m~y lose prr-ct i c-

lwa:rs in f'p :tr- :.• close ally nll ccnt <.~ct with tb~ :: cr ........ 
c n ... ., c t wi t b _ . .>t - 1.' the in the o.d~l t. 
leno . 

·A:· f'or:"~ on i. ·:I.r. Llyer o:f 
l .Ct:tented ce l. . ·.·rrotmd-

in[ tht. u_·,r<'r' _•t of the 
lcno .. 

ay :f.' c-r .. n i.~.· is l nyf'r . .~.. 
pigrt~entcd ce lls oun•cun(:i: c: the 
acces~cry le~ ( the cone\. 

u ttl . .:o elc.- ~· ~ .. d, ith nev. r ..:'cr·-,s n <?vitl~eous 'body'. 
the cyto~·lnf! :. i.i, i1ly refrac-
tive. Jer~v t ~ · :.:-t us an 
.\a.:: i ticrml 1 ~ .:.(n.l ~r 
dtructtu •e 1:n• :rl •. the 
l'vi treous bot.:.,-'. 

..,..____. ----- --------...-.··-~ _..._ 
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Ccelli 

---------- .. .. _.. ... -~----... -·-- -··· -- -· --~----_......_ .. ·--

~cti1 inc :~1l rr;: . :..c h !illy ~t crystullinc cone cc __ c ~ 
c t_;<rvb.k ~~ .. ' 1 t:rystall-toreth P \i i th their eccrct:. , 
ine ccnc C'ell~.: iB :..·ceent , hen ).t>e;:;ent ~ form an t ~ . :U :.c.·1~.1 
( ~xce!Jt in t 1.... tidia-like lene, bscnt only in _Jrl~ _ 
s~m_·le ~ye~ ' ,.. tr:..aect ani... ..... xcccn..; Insect eyt:.c ' ... c:-. u.)C 

1: l'Vae) . Th .• in _"unction- co:::•nenl 1 'n.G 1::1 v :ry \-. ::...1 ~c\~ol­
all y rc placet. - ~.. :1c. ''vitreous o;>e::d.. 
l>cdy'' ln w1,; c· ~- P.r> tu~~ Tbc cont. cells ore few i!l. n:: .. 1J • .~. 
ueu llY' · 1 l cc n!.l!'.!b r of and rer;ul nr i n s r -·o I'll. C'"1t? _ '* ; • i t~1 
irretul""'rly r:. · ~cd cell 13 • one ercuJ col"'I'l a pondirl(. tc e--cll 

lens. 
--------- ----=· ------~...--- ---.. --. -------....- - ___........ 

Vnrytne m., b i c f cells , 
USUAlly lflrgc . 

n:o~oscd in ..., ·n: .. l:~ ecntin­
ur·,s l9yer• b r: .: t.. r l~ne or 
ir: t11" :fc .·m t f' . cu _. Cel ·a 
n. c:-cu,;ed (- ~ (. ~)t to a 
E'"'<tll eXt"'y't ~ . 1 t:1 lnt r t1l 
· C("ll 1 ( f' sc r e • 1\.::1nLda. and 
t .H. t..edian e;;. t.. -~ oorr~ 
c th.;I• ·.rthro:.·c :J) • 

A omr 11 tlL.d dcfini te n· b r 
cells. 

GrvuiJcd into units (rE:tinn· ·c) 
en:: cor·recpcn.anr t c ::- c~~ 1 !iC 

en..: c·Jnc.. Usually in " c·n!_-c 
lr..y~r cut e. t .. .. ~t-:cs i n t :. r·:c.:·e 
cr l~:::o c:int:tnct su·1 ri• C'!:C~1 
l ay.:J.C • ~ 

Celle may be 
cr pr z~alle 1 t 
tl)e .-.ye nn_ t• 

. en~Ucular CLl~u _.tu:a.:..l .... l to the u:~it CJ.' 

~ 1e axis oi' t11c unit PI'..:; tc the e~:.:• T.t 
cn .. 1•ant litbt 11~:1t rr ye. . 

£fVS.:__ .. ___ _ ---· - ··- ----·- -- ·-·--- _ .. ___ _ 
The rb~odom ____ ._..__ 

·_ .... ch retinal ...,.el~. ,) nrs a 
n orpllolo'· icf' :::.. p i ~nl 
rhabdo~ eti•1:c-t· PC · This 
mcy eomet i Ol(':: ~) ... :... ... nsf'erred 
tc the axi a l _ o~.' the 
cell£, t ~pnrc . . .: ·.1cn they 
are clon r1t e( . . _;.:1 CO\:ipl•eesed. 

Each ~~tin~l cell bears r 

mo.L.·pl1cl ctically- ax1Pl rt. buo· .. · 
strncture. 

Tiven here axitl~ ~;'le rhabdom The rhabdom structure c....::tcn<lc 
s t ructures nevc_· 1 

xtend alone the entire l o!l2it· c in ,1 
a l one the ent .:.::. . length of axis of the cella. 
the axial f't:~e·cc o ·· the cells. 

/Rhab~c·.: 



;{habdcm str1.~ctu · :~ ore not Rha'bdO'"i.l et.ructures of ad.jacc: t 
s:1ared b -.. twfcn jncent cells in l'l ret inuln grcu!J r:ll• · · 
cells except r -Eetr except- all degrees of fusion. 
1 onnl cooea, L _ .. ,; t'le 
r--·t inr.l (· elln • -'i. :;rouped. 

--------- ·- ....... ---··---- ---... - ___ ,. __ .... __________ ·- -

I nt ~ i"n.. ur11l : i...... n~ cells 
ore sent t(.re; r '-'~ - the 
pi~:oented ret ·.r::.. 1 c. olle, 
inc~~~ case( , :d like 
the retinal ccllc ot>e not 
or~·A:need on r ;:y (~ 1n1 te 
pattl.l""n ln r 1 ·ticn to the 
dioptric app"r~t-uo. 

Interu:uat id1al vit:.ment celh~ 
(acce sory and diGtal r ctin :. 
:piement cells) su_.pleme. t ti~c 
pigr,ent o.l:' tile r-:tinal ~;elL ... cnt.... 
in aor.te c Hles ' : the hYIX ere cc·.ls , 
in the isoln ticn of the ~ ...... at icila .. 
Like the I'( t 1nal cells and the 
dlcptr1c ayotem, these rc 
arr11need on a definite pattern 
exce . t vhere they Cegener te~ 

---·-------- ---... ~_.._ ...... _ ... 
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~~_g!Jr.Dfe~ i:· .. v .:'~:..~9d 1-XL.:Q .. q!lVC£~ if}.£. . £Yr.lJd9.~gf!_e~ea in~.P. 

£.celJ1, r-nd c~_el:.-:l_i!ltQ_compoun£_ ey:~. 

In conr: 1<.1et'1l'l.[ the comp£\rnt .i ve nnatomy of eyer:;, 1 t 

:new vhat ehaneee -11£ht be expected tc 

Thr ae changes o~ 

rtndily enou ... _b c.bt..,1ned f.ro!ll th n~~ove t able of eor. • ri c-, 

but it set:: r: c nve!li ·nt at this .1;10 int t o etf'te the:'l 

•o, • c.nn ye .·. . ~ a ercup of ocelli ( 1-t itb :he ocelli 

~01~ spcndL:"" t .he cr .... m~tidia ) m•c t l1e f'o.:..lo-w in£ :-

1. ri JeCl' o..~C ~.n the number -f.' unit ..,, the ir Sep·t•"t ! . .: n 

{Hld .~ c .. nee<.•'-· 4ecrenae in t ile c · nvexi ty c:f the c-cul !' 

nre,l ae a wh l c. 

'i'he <:ar. :;1~. 1. by each c,f ~ho units c:r a cu1.-li7:G 

widening cf t~ ·.-·.L .. lVidual cells. 

An i nc .. e in the size &nd cc. n.vex1 ty of efiCh 

co1·ncnl lena , ·ceo .. ! 'l11nie d by the as::n.tl'!l_i~t ton of' a bicv.~. . .-v·cx 

curvt~ture on.c clr·cul gr outlint.?• 

4. \n inc .• . c in thE' number of hYT.:cdel~al cello 1n 

(:,"'Cn unlt, r .cc ~:1icd by 8 tendency to b·l~eeula:rit:,· in 

/their 



theil .. ( rrun,:t.. c.11."t .. 

5· 1\ lou:. ;·_ .. ' ;..~W cone a.ppuratuc, ,; ith or without iLc 

.,m inc: 

to t. r·eb lens, 

sin£. lc, con t 1::1.1 

. ~;ic.n cr a '1vttreoun body" by tbe c ·- -'::c .l 

o in the numbE'!r of: retinal cells r el 

coa..>anlet:: by their o.rr~ n,Ec:-:tent in a 

"1• 
·.-.\,.; l:.;ycl' (and not in tlle 2orm or an 

orgnniced r ctir.·u3 ~rou~) with the cella eith~r pRrallcl 

cr ~c::::~t..ndicu~. :~ ~c t!H .. entrant li[h t r nys rmcl to ~he 

1 neit-:JC.inal t · ~i.~ o the e y e . 

7• Dee r P- t"! ln tbe size OJ.: th rb1.1bd0m atruct•:rf't: 

" n ... 1 the ~P tr .. 1. _ .. ( 1~:-~ce t o the apit"nl J..·nce c.:r the ce·; 1 (or> 

tc.. a o all . o .. t '!:: the exi a l frrce), ~ccr-~1il£1n1cd by the 

1. o. & • _.. th c 

c1" i .. artc; <!!. .. tc r::uch : f the :L". t in'll ~ells. 

v • ! c.CuC't.:. "'! in nunber !\nd cin li~' ic:c. tic:J. in nrrnr<e::-

\"l nt o1.' t1 e n~ cella. 

Th, c. e • n . ce;;;sary t . c~n.-;c~:t R r.:roup of 

ccelli into , ... ._ ·u.."l, ... eye are t L<... uil•ect J."'eVeraal ~f' 

the~·~ 1 1 s t cd · -. .]t nct~ly : 

1. '• n ir ....... ·c r~ i :1 the nurnbcl' o.r unit , their 

a[.:~re['r ticn, t a ~:.,naequent ihcr•caue in the convexl ty 

2• '' f'lettcli.!'l~ o.nd elon[rtion cf' t11e units and 

.. e lla wtt; 1 a decre~se in eize o:f the 

cello rt the b ; c of tho eye (since the c: 1tic nePVe 

ending does n~~;; c Jny the expeneicn of t11e outer pa!•t 

of t11e ·ye} .. 



r --,:;, ::>. 

the lenses ,., ,..., , ... 

cec: ... 

nnd n grt::: nte: ::.~c~-ulari ty in their ~rrr-ngernent . 

lc £1ri .. t·.e vitreous 'body nnfl n devPlopm~nt of 

the c ne O.flpc:~ .t·:=::: .?rom epecinl hypc.ier ... , cells oth~r tlsnn 

[. . 1\ deere · c in the n~1tnbcr of' ret in! 1 cc- lls, 

7· '.n ~nc:;. <~ .. o in t11c a1ze c.· t;1 r~.n'bdo-:1 stPuct-:.u ·c , 

t.Lt., exten:..:·.L . t :l.i.>ou.rl.c:a: thl le~'1[th tf' the retincl c ell:., 

~ n-~, trr-.n.td'er H _e . ~ the axial .f'l,ces o~ t:wse to fc. l in 

:..,ell rt::tinul . 

• 
n_:proxirtutr>d -.:n.i ~G , 1ccotrpanied by 11n inc. ease in size 

2· The <i i.lf'e:.•. 1.t ~ nti,Jn of the cellP into elon_pated .crcu_ o 

t.ncl 8 gener"'l ·· .c .. ntc in the nn,~tbcx• ( f' cells. 

3. nccl"er se :.:-. t · l . c _.nvexity and increl\£!e in the a r-ea o 

/hc.xae-onr:-1 



hcxaconnl ( c:r t 't!"'. c onal ) f'ucctc • 

e:r ou::m , c o:.-1• ~ 

vttre~. u::. he.~ 

e r ch l ens. 

... ~ .. , hypoderr~ ce1.1s to rcculnrly ~'l'r tJ~f .. <1 

d i n t 11G oc~lluo 1)y t11e se cells. 

.1t !: a cone a'Jl) 1•n tua to Col'l"'eB.)on- t 0 

6 . An i ncreru:c ·,:;"l ~:·lc t otal nu.m1 Jt:'!' c::: rc;t in"ll cell€ 

t1h. il' nr ·,.n_ ,· ~ -- i.a .ceti.nula F.r~u. e , vll·~ co::res:i)or: i:.c 

to r nell lens, · l.t ., the cells .i/19.I'a.tl . 1 to the f'lXis cf tile 

eye. 

7• 1')<... el:)n[ 

transference ..;. 

<:1r l' n .. t."'mc>-r.t 'i.: 

n t cf' !.!: 

t 'l.nnti \ i.a irt . 

of 'L11e rhabdor-1 atruct u!·est their 

:w axial f11ces of tl1e c·ellA nnd t he'!.r 

r ·u E 1 th the cc~"'1cncnt units tend ~;,.r..;:.· 



27. 

Chapter 1 . 

Ch.U~T/~CE;\ 

ht.'!S been un· er .... l<::',n in order to co;,1pni"e the ir anatotw 

t•1.th tbot C.i" t £., · ~:1cr Ar t hropod, l ateral, compound q{ac .. 

In the t•i:rst . ~_;-t; c.-.' this chapter,. or iginal d..,ser1.pti{X£ 

of' three ape~ ct t · .i"'(; !~i ven w i. t h Fi gurcs, ·1nd a study ia 

n flde of' t'he d: '1. ~a relnted to n de[!aneration of' the 

c·· r.t:::>ound r>ye a .. 1\ icated by a comparison of' two of' the 

typt.s Cif'scribcti. 

In the e:;cond part rn At t ·-rvt hae been mad· to 

tlh cc;ncluG i<.. 

~ . I _.., _ ______ _ 

/ 



f art r. 
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Hewitt ( 1907, p .25, pl, IV, Fig. 1) has t;iven a ollort descrip­

tion of the eye in ~~a OceanicaL and has illustrated this in 

a diagrammatic figure. In the available literatt~e on 

Oruetacean eyes, no other work on the· eye of thia r.,cnuo has 

been found. 

The eyes in the adult Ligia nata1ensia are a ~air of 

large, compound, l aterally placed organs, which urr oeseile 

and immovable. They are well developed and deep~.y pigmented 

in accordance with the active habi ta of' the spec lc.~ ·?hich lives 

in the 11£ht , on the surfaces o? rocks -tlong the · ~·;;c:;:- line of 

rivers. The outer cuticular lnyer is trnnsparent, so that 

through it the pigmented cel lul.1r part of the eye lo visible. 

The head in flattened doreo-ventl ... a lly anll the 0ye.; ~u.• c borne 

on either aide of the vertex, a wide, flat area on to_, or the 
\r 

head, bet~e(?n the frontal line and the :. cc:ippl e rc:..ve. Their 

poa1t ion with reference to the t.1orpbolot.:Y or the :!' ;ct of the 

head io e.s de'1cribed by Jacl~son ( 192\~ , pp . 885-So: , :.h co .1 - 3) 

f'or l=!.e1a oceanica, but they differ ol1ghtly in c!11:0e ::."'rom the 

eye of t1Jis S1)ecies . The main part of the eye :..a on the . . 
dorsnl surface . Laterally it is curved ~liehtly down to 

extend for a short distance over the ventre-late~ l ourface, 

along almost the entire length of tb2 side of the head . Seen 

from above, the eyes appenr no t wo bl!!Ckioh-·brown · ~·eas, more 

or less trianguler in outline, tho1.1£':b the moreint. ~lr0 slie;htly 



with rerercnco to the centre of tho triangle. 

,..,(."' 
~:Jv. 

aide ia la.tcr~l, wit h the apiceo pointing to tho dc~·onl mid­

line of' the l'load- The poater1oL' c.:- t!1e t ,o linet cncloGinst 

tho apex of the tr1engl e is sli l1tly lcngel· than t!.e l'r.tcrior. 

'rhe eye ns n ;-hole 1a unif'ormly cc;nvex ~1 th the cm•v tu.1 .. c 

conn1dernbly i~reater thftn that c£ tbe et.~t·r :un<line ?. dy c:urtooe. 

Externa!_,g~ple. 

The eye :l:.. covered by n ~hin lcyc1• c:L tr 1:..:.. • .::v.t 

cuticl.o1 cont .~nucus \T1 th thf t nt' the gcne1•al S\!l·i' .... f'~..- r; r the 

body and of! rcuchly thc'l onrne avc:.-agc t:j ic...kncs.:.. - no ut -' ·I' -
aee F ig. 3 :t'or o;mpariuon or the ccrnc ~ l .l.·ace·ta en. ~h'-- uod.y 

cuticle. on removal of the rcot of the ye n i ti~ <}tl..tc tic 

potash, tho eye cuticle as a whole iD seen an a sr.oc~1ly 

eonvex laye1, bulging shal"Ply a· a.y i'rom tho body <...· ·.;~clc . 

s urround1n( the eye a.nd Eeparat1nE: it i'rom the t;· ... ~ .. J..r l 

cuticle of the head, there is a clear r_ne ct: amoa-f ... il, un­

thickened, tr- ~no)al .. ent chit in, mnrked orf clearly . ::-oo the 

rest or the cuticle. The eye-euUole conoisto o .... r gular 

r ows or hexagonal ta.eeta, whi eh nr com ... ;lett;ly tr -aw nrent 

end colourlros and without ext(rnnl ~ecorotion. 

are tm1:rorm th:ttougbout the eye • i th no noticeable tl1 ~cl:ening, 

diminution in aur:raee area, or ell nee in shape or· curvat·u.re 

at the eye margins. Thin i s aecn in Fir:; . 3, tihe ~ t~1e 

underlying . rts or the d1:tf'f"rcnt Oi.t,ultidia er<! ct t lt 

correapondinL' J.ovels throughout the eye . 

/facets 



facets 3c. 
are regular qU1lateral h~xagOllJJ , symmet1:-1eally ~ ·cd and 

contiguous witb one another. The~e are about 7\t to 800 ot 

these tac te, all of wbich are conc~vo-convcx u itl ~10 

convox1~ tc~l. Each ie clluhtly t lcker cc tr lly 

'ban per1pho. ully. tbe t 11ckneosee being reopectivc_y 9f 
' 

and 5 [< • Th re 1e no e1en ot n~ d1vioion to c • t' n:Jond 

to the to tion ot eacb facet fran t wo L pnr t hm.> om 

cells . such a 41v1a1on ba 

Oruatnce , 1t oes not to bave b en demons tr ted in 

!t abeenee is pres l ~ly duo to 3 n e J.'ly 1 nd 

close approx~ation of the 1roduct of ec~et1on 

separate llo .. 

'!'be e1;1t.\.cl e over tbe e:r , a ov 1~ the reet 

cona1sts oft o l~ers. The th·n cuter loye~ , 

exceed l f .~n ~ t.c :nesu, t ake n h. e .~tcxylon and: 

nuclear atu1 .) mol. e deeply thnn 1.h<! :·cet " the c 

outer lny t. u.nii'orm , trh11 he thick ... , inn r 1 

depooitea tn n oer1 

aucceea1v ly in growth. I~ the~c _artie lars ~ 

cuticle do - ot dlt"fer t"r thAt of the bvoy. 

however, ir, .. ~lnc c~pl~tely tr n:: p 1!' • t and col<>t 

Aecordt to Yonge'e work on tll cuticle in Ol'•u.ot 

p . ,3oo} t he outer lrayer is not obit lnoue, hile the 

fs compose o 1 mellnted chitin. Ae far c i 

outer port ~o 1ats o£ lipin mat~J'' ttl, and tl1c de 

obtn1ncd bci"e "~'ith haem toxylon ia not u to tho 

w 

.a t 0 

the body, 

OOB not 

c~ 

le. The 

ia 

ld down 

yc 

·£:rexos, 

~h 

(1932 , 

.cr part 

, the 

. onco of 

calcium ·. - \ ' Y nee ~olntn out C~.c .) that 

, e ~reocneo 



3I 
presence or calcium 1n the cuticle ie r estricted t c ~;~1e 

inner layer of the cuticle. Thio cc:r:r~eponds cloooly to 

the condition in Inaecte - sec 'l:le-lov-~. 

S1nco t he corneal lensea e much hnr der t h n t he 

remaining p ~:to o-r the e"}fe, t h ey t end t o become tle "ac·lcd in 

seottoning, ond are tberetore oml "ted :fron aomo or ·~:10 

draWings, ea 1n Figs. l and 2, but t hey r e shown :. t~eir 

normal l:'eln t :. ens in F tg. 3 • 

po1·ner+ P3pod~'tll eel!!,· The int rnul ... .c c~ 

each f'acct buts on the oo tatid1um or eye-unit un lYing 1t. 

Tho upp el"fJloct cells are tt o:.:.e of th corneal hyp< ~c ., which 

give rioe to t'1e cuticle. T\;c oucll cells n:· om below 

ench !'t cet.. ~'bey are ei tusteCI above 'tu . cones un c f ound 

in Figs . 1, 2, 4 and rj·. (c. byp) but not in J•'ic . 3, .Jince 

the staining and thickness ot this s ecti on mak e i t 1Ull3u 1.t~ble 

for the demonstration of' such de licute a t:t·uc-tur ~fJ. .LbCSe 

cells nr·e c leat,ly ccrnesgenuouu i n Ul!Ct i.cn. Jut ;n .he ndult 

they lie under D. small or a .:nl y _f euch corneal cet , to the 

whole of whie''l they mUG t ha-v e f:"i ven r i se . T'tlc v ! 'ly 

lo.mino.ted :j~ o~Ji t i on cf the r ... t - c t i~·lt. l ndicot .c h t the 

corneueenoJ .... c .: l r r.ruvt oric i nally ~, ve l'Cltn.od .~ lete 

1 yer. The ::...,oto~}l~urn of: tl. c ... llu is t h in t,nd o W:.,y otained, 

cOtnpar~d with t het of the n<e:l.l!hbourine c ' :i.e cell ~ nd ·.t oec-na 

probeble tb t t hO¥ have b een rcd1.. ceu ln. i<i.e nd le.ced, os 

their f'un.ot '~on decreased and as t~.e un~ .... lyin£ c w o 

simUltan~cun~J increaood in elze. 



The nuel'!.:i [iVe aimilt=tr in :icr.tions: .. !: reduct-~C.l· 
32, 

They 

are ::mall I: t1· _,Jl. thoaa of the cone ··ell~ nd on a level alieht­

ly a ove t::v ~~ntter$ tUi io eh · n ln i.'i~;; . 2 nnd 4 r .n IJC.~ nrison 

oi' c . hyp . n . ( .::crneul hypoderm nuclcnc) ,. lth c.c . n. ( .:ell 

nucleus). The out er menbra.-1e o .. : the nu~ l~us ..... t1rly 

deeply. Itc contents appear fairly unii'orn rmd 

granulal~- • Oingle nucleolus ts gcnm.• ~11y ViBib:' c, - oee 

ig. 4 c . hy . . _ u,.;~. 

The bo, ___ dar lea of the cell;., . v external, 

1 teral .. 911::~ b<'tween the h~ouo .. . 11 cella o"f edj c.).: mtidia, 

apJ;enr at f'iro t to be distinct, oe t..bo :n i,1 Fig .. 1 _ · 2 - the 

d1vi o1 on bct..-;c.cn them being in n line .11th ~h t br t e.;n the 

underlying tdjacent cone cells. 

aiopl ified b;; the lew mognif'i N. t. ion. T.li[ 10 l,J.' 

ob lig_ue trvncvc ... ~sc section of the ut _l~nost lnye s, undc...: c il 

immersion, sl.m.:-s the l.'elationn mare ~lc~ rl~"· TL o · "es of' 

the h;rpoC.er c_lls o:r Adjacent o.. tFi:t..s. -rc her ~:l not 

to be 

remenibe:.:e • t· ;.; tlJ(.; c.. c.ction ir bl i!:...ue ,·;it> the 1\! c o:r 

obli<l\li ty m~ i..cated by the elon . A.t ion of' the con~ , ao eom­

ptlrcd ''11th +-nose or Fig. 2}. 

In Fi,:.. . h , at least in the c 1. e c:::' the ct1 1; ·.a.i!' C 

!'1, d D, t 1e ("(11"1'\e 1 cells, which ' J. .. e cut t:u:ough, · · tl!coe 
d ! or the 0 .. ,t ·.• in th~ nvxt l."'0\1 in .El ries in 1:ront .&. ·tw.t . 

in which t he cones are shown. The corneal cellc 11crc 

I rounded O.- f 



rounded off and w1thdrnwn towards the eentre of' the cet, 

to which th y eive rise, so tbot '.he J.ate_· 1 . allr-

auecesei ve \m • t~ rare not in c• ... nt• ct · ·u::1 ne onr_.t~ Thta 

condition t:t er·er( re dif':rcrs from ~h. t of' ki;Sia o_ e_ 

giV .n by ne-;i tt ( 19C7, Pl, 1 v, }i'lt;. 1), rhere tll c lld (tj. 0 

1'irured aa hnving laternlly d1ot1nct but co .•. tit uc. t t . · -~ l· ­

ommatid1al 'lulls, and 'lllere they are diopluced l "(.; lly and 

outwards frco the centr of the ootnLtidiu: ,, s9 ..tr·" ~hey do 

not meet eve!' t ts aurt ce. Dounc1 r le3 and cell ~" 

are not deveribed in detail, o th t ·.t io net _ o · .le tc 

tell whet he:." ·this ia a apectt•1c iff\ .::ence, cr L ·'; 1 .. 

He\Titt hns tnken the poo1t1ono of thf'! nuclci-onlJ cJ.'.!!I'tcu 

the cells diar.ramatioally about these, plr-ctnr the .. ttor 

in a poeitior .... .;.hich they aea e in r1·ny cti.1e1· .~l"t: ..; c~~ . 

Figure q. t:l•r that tt e cella J in bcco.:ing rc6.uceu. tn 

this case no ... -·~tet·ally, but c ntrally, -iUl)laceu; o L ot· 

the t o cella of a e ingle ommnt 1-. .. 1 urn are coc. leac . 

enclosed in tho upwardly x>rojccting arc1o of' the gt ·-· ine 

piement eellc . 

The inner wnlle, dividing the Ly_ oucrm .'l"t ·:1c cone 

cells ere not clear, ao 1o BhO\ n in F ig .. l~ in ~- 1 tl. :_r;,_ 

and B, here the aeetion paocca t bro\1!· a s1ng1 ... t1d11ll':l 

in e ch caee . (In orn."l1atidia C end D of' thio Pi the 

apparent differences r-e aue to the c r.ne r--nc.. c ol'tu.' J. cella 

belonging to dif:t"erent ommatidia) , !Ieuitt (19 7~ 1 . J,V 

F i s • 1) ehowa this division clt'"urly foP I ieia oc-c..J.:!!.c , 

1\--Jhethe.t." ·Lhc 



3t;. 

V/hether the dicsimilori ty is due to fixation neth .. , ··~ :l..ch 

he does not ctve, cr to dingrao:n:'rmtisntion, or tc , rr.r,l 

specific dii:£\·r~nce, ts again lm.certain. 

not in the low~.r mngnt:r1cat1on o' ' 11g . 1 o:~ Pig . 2· 

P"'eeibl.v tht! ~·net that the bo'tm.dnri.es o·L' these f'el ".c l.i'C ao 

indistinct ic indicative of' o gen.e··t 1 ,,e-cr~<: t so in ::·w Grgnn­

isat~on o:e the cell, Which s<.!c·.•c t o h lVe occm·red t.:·1 ~)~)th 

eytoplaan Li..!- •• ~ :..ucleus. 

The diopt.rtc, or light collecting nnd 1~efr ·c·~ .:.nrr 

part of the oye, eoneiata or a corne· l !'~cc:t '\'Jh lc.~~ 1: ·-: been 

described l'bOT~ , and a so-called ''c ry .. tr>lline e , r..~.: • J.'(!'e 

11 cone" in , ch ommatidium, which in this c;:;ccles ic ... ·!1c.Pleal, 
. . 

is occt~eted b~- two cells wllich lie undm , r nd ar·e 

rendily d1atineu1shable f'rom the hypodex· 1 cells. 

shown in Fie:; . l, 4 and ·p. 

t; l wnya 

The ~o:'"lC cell nuclei are amaller, have a tJ·~ .LnEer• wall, 

and eto1n le Ja deeply tban those or th!> hypoclel-r -rt (·c: lc. The 
' not 

contents EU""c coarsely granular ond "unL om, witl1< i..L"· nucleo-

lua. The nuclei are s1 tuate below tLo-- c or the c c.. at.-~1.1 

hypodorm, ae ia soen in Fig. 2D •.tnt~ in ~~fg • 4· T7.1,~y o,luxys 

lie above the cones and are ~'lnced in the t· 'O cell~~, one on 

each side of the cone, on it s u_ pe::. ou1•foce. 

/arrnn_eem.ent 



1a most obvicus 1n i f. · 4· 

cells have not been as well preacr·ved a in Fig. 4, ·nd the 

magnificutiol'l is not as great. The evidenc vh'c they 

af'.ford 1o, ho ve:r-, in fiCCordance . 1tb tb·.a aee~ri ... "'·ion. 

The bO\lll.aariea of the eor:te ceJ.ls !": dist inL:r1 1 ble 

from those o_ th~ hypoderm cell~ .d the u:roun i c.; p:tp.ment 

cells ~it difficulty. The two .cone r·ells o-r e . b Clln!!l tid-

ium. meet nbcv the cone, whert.:: tbei~ cytoplasm r\''l1,. ".og thex· 

BO that Thie 

1 the con l~-ion ln. ~,i · • 1 In , ig. 2 

to be au~h iJ un\.: 9.l'Y but it io t::CJ.l, en ex·min t · . 1, o be due 

to un overln ping of th . t to cell , caused by th 

that on tho le~t . 

As lla b .en doaoribed, the u_ pel' boand ry 

ce1ls is not n 1rely distinct. The 1 • o<..lerr:l 

1 • oon 

1- lona 

their lower am•faceo a.t·e continuous · ith the upp · _ t 01 

the underlyint. cone cello, ao is ohown in Figs. .tt l,.n. 

( The condi t ton in Figs . 4C and 4:0 h a been expl inc.. lbove.} 

In Fi8• 4 th~..- cone cella appe r to exten<! u bcyo·".d tl c 1 vel 

or the cont. in each anm tidium, on eithci~ aide c! i·h C' corneal 

hypoderm c lln of' that ommatidium, to the !'.-ocet. 

figur no 1 t al limite are Ji.atine,uiehabl~ bet 

c lla of djacent ommuti~ia. e to ccm_,.lcte 

_ th in 

'il eone 

cnt -

t l on of tile ncct ion :from whicl1 -~ i.g. 4 li'OG drawn, 't"" evidence 

which tbie obl:que section oftere, ne to the 1 t .,.. 1 ll.m1 ta of 

/the · . rts or 
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parte of the cone cella of adj ce::'l.t ommati dia, ic c:lsleading. 

The undepi[.n ntea lcngi tn.d1no.l aect;. o~'l£3 in Figs .. 1 n d 3 ei ve 

e clf"nrer !:"en of.' the cell rel( t:oru~. HePe tbe ~ :.c~al lio1 ta 

between the u (i/ r pArtfl of the c one cellu ():r ndj cc _t o at idin 

are dletinct . The t'igurea ol~ c · the Pi£mt ... r .. t cell 

1:>etvteen oucc ueive ommatidia, ar:a '.'~11cl-: extend o1· _.ly to the 

level or the c-rnes., nnd t us l'm P thin layer . ;,. .:..y·';oplnor.t , 

isolatiUL t one cello ot eacl1 o . .' .nt id1u 1- I t llJ thio 

WiflJia:t:'d con~ :.,.'1t"!: ',ion of the Pit.. nt cell r.. , .. l.l icl1 iG , m in 

:?1g . 4 and t...J.i.::.:h t there 1>6 tlint,-'·:.en ... :'m ... a continu __ .; 0 .1. o_· t~1e 

cone cella . In the case o'£ iE· 4. the..,c u 1 ar c.:::~ u tions 

of the p i J>'-'1!en..: cella are not cl r1y m .I·kcC: cff f r . ;11c cone 

cell , 1nco their cytoplasm 1s v, ry a imil r, when . ,, i.._ letely 

dep1nmcntcd . The l a t eral liM I. ta of' the Uf(pcr • 

cone cell s r. , thtu•efore (\istinct c n.d the cell a O-

..j. ... · ..;_ ".ba 

c ..::ecs1ve 

ommatidia E'..re separated by thin upwar·. ar .~ -xr the ;. 1i.i t!-

ornr.1atidial l itrruent cells, vhich sho· UiJ mor-e cl€ ., · i:.'l longi-

tudinnl and O-llY ~artially de-pigmented sccticoo 1 . , 
than i n t h or.. t. cuch aD Fig. lt• Tho dorenl limtt~ c} t"1o cone 

c lls nrc tbf.'rcfol"e as aho'lm in :I.g ~ 4, except ;.h :; t l ac 

apparent uwt rd extensions Pro r.luc t c conrlucnC'e o"' t;le cone 

cells with the 1"'! iement eells. The dcrsul t·nd ~.r t c!?'" 1 limite 

or the cellc. l1ave been neacribed, nd it re:m :ln.e i.v "eli1:1it 

their ventP 1 extent. 

'!'he ~C 1e "ells l i e mainly ever the centr nl ~ ·-.t of the 

ommatidi but their cyto~lasm extend :aternlly al'<1s to 

/ a varyL.r·. e:.:tcnt. 
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ext nt. · llere the cone 1e cut through ita lnrgfst r 1n 

longi tudinel s ct ~on, t 1at is t~u~ou~h its centre, 4 1 cyto­

plas end at a l~vel perpen11cul .r to tbc lon&it in 1 axie 

of' the om ~tidiu.u n1 only oli htl~T l>clo\ thut t · c M·t.;l. 1 to 

t11e u~-,er -t~em.i ty o.r the cone. sec ..-"ieo. 3 ancl ) • This 

eontinu tion ct. the cone cell cyto l~n u dc»n th· 

cone ia moro •nnrked in thoee aections p~asi~ more ~uner-

ficially, t~ .. in tln·ou,.qb a m· 11 .. ·cvo:th c· 

maximum Jen ;}" .lone d.ch t 

little gr t .. ·Jjf.U1 th, t Cf t~C rr diUS 0:! 

' .. The 

The eytoplu~o err the cone cells tbe j_Ol'~ fo.L·:nD lGte 

mantle round the upper end of' the trtl cone. l'h.l ·v l"iCG in 

lentth bnt : ~ca not ex coed .t'it teen t t.· c- lf(r. te<;n ~ . l . .:. 

ecction !t h 1::l nt :i.te 

l ower eztre :.ty, ~here it como in ccnt.:-.ct ith ."~.c :er· 

ed ea of tbe :"ccsoory ccJ.t.e, to hicb 1 t g ~vee ri. c. 

clc rly sec '!. J.n Figo . 2A o.nd 2D on th~ left hl:lnd 

o ~atidie.· 

1'hio is 

1: the 

On top of' the cone , the cnp :ro:"t.:..,d by tbc l.. • , nlle io 

t~loonly ~1pplit.d to the secretion ox~ the ... e cella ~· 

t~t,t c :~..~· lly, 110 ··ever, the cells alL ink nway f'rom th ~o'O.lCG in 

most ?l"~Parc ~ ioru; 1 n.u 1o aeen in ;tlr. 3n. Th ir- · o rob bly 

a conaeo.u nee of' fixnticn ·mtl . 1)eddtn ... , . 'i'hc cc nd their 

cella ai'c 

I 'he cy::.o. li\Dtn 
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The cyto-,laam of the cone cella is clig'htly lc .. ~ dens 

than tbr.t c;:J.' the l:ypouert;"t cella onu r.o1·c. c1c.n.ae t bru. "'-; v o:L, ·the 

9igment cellr_, ea ia aeen in Fil!• 2. 

!h(> Cones. 

The cone cella secrete u )h ... :'iCAl, tr : 

structure gene~nlly known as a "crystalline con~ ' • In thiS 

caee, ho eV...,l" , ±tie staining prop r·ties of" tllc: eo~ cec _ to be 

identice.l ri~1 l t~ose of' the outE:r lnyc1· of the CP~ ·.c .c . 

TheRe ref~')act tve bo<.'l tee are the moot cone- iououe · · ~t.. in 

the outer regions ~f the eye. 

solid, oecretirms, arranr.ed in 

cell~, whj(·h, before atainine, p:pc r· aL clenl', t> :{; y llow 

artd highly r ~·:ro.ctivc. They t l':e 'll '"l 11o u t c.:f th<: "i1C lear 

~tainr;, 1• f di · ... r.d in 1>, r·tic1 1 P haem t ,. :x:ylcn nn c linC• 

Iron alum. hue-.· toxylon, bich C t....r.l re••dily be aeltc ... Eely 

disch t"ged fi"'cm the Vt.ricus ceLL coGponente, ia l'Gt, !.lle" by 

the cones olit.htly- longer than by the rhabdome , i . c . ·~ .., 

(lif'ferentiutC'd in the conos leas rapiGi.ly ulllln in ;,_ c i J b-

domee on ia·C' t .. ent with the alum di-':Ccl·cnt inti on ..;ol t:t Ion. 

t ccording t the degree o1, dL'!'•~l"'cn.ti·ition cmnlo:,·ca. 1.11 

connection with the nuclear etain, the ~r.neo cPn :.>e cle•~u·ly 

dem.onatrat~. by eitheP a nuclear o~' n cyto Jlaet:1 :c .:st ... in, 

1n a dcublc etaining method. 

The chemical natu:re of' the cone io uniiertc·:.n. It is 

inuoluble in alcohol,. ehlorof'orrn nnd Wrlrni 5. acetic · cid· 

.Although generally described ae 'c!'ysta lline'', 1 ·~ ic of 

/extre e 1nrdneas 
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oxtl'eme llnrdncas and 18 n.ppnr n t ly chi tinioed. 

a .""e t· ·o cone eella , the ccne ia 

lOU£ cne mie .. :t i.~Jink 

that ::m.ch condttion \7culd be li:~cly to :z~te. !"~r 

very gcner 11. • figu:..~ed in Crt o t ·1ce -..:1 nyc • 

_ the 

cone in h_r ci......lli_~, th .l"e thte ts · nde u. o~ tvc . ·:.:.a.,?herical 

r.tuaoes with ··; ih~i:>.' flat au:rf'accs o .. 'pooed. 

Uion~lly visible do-rrJ. the c«..:1tr 0 cone. 

!t ls s c 

ore obvi .~uely rtcfacte . Tbn main li:a?. muy .. ona::.i/ 1 y epl'C~-

ent. a 11n~ <...r \ etlknese bet '~ r: ,:'o al~i.:tmJ.1.y <lint·. '..(:t f3Cgt•Knte . 

The c one pro ,cr hne o nsjor• ft.Xi.B r... =-: ulJout 25/ tt 

The r c cct.. r m•· ( one • --·---- ----

restricter"l : clne the Cl'UfJtnce£ , the only .. rthropo :J in which 

it OOOt'l.'S, t o few Isopods. The ccet acl"'Y cone .;... ~·C.)l'Caented 

It occ;. 1•0 im: <<.dir tcly b(.: ·:he 

cryuts llin cone ~nd is app:rently v ::ry 11e, l'lY hor.~o··cn ou.o 1th 

It is of' the ._ .. 1e l:'efrnct ·. c !.n ·,.x ua 

·~ 1.10e or 
Sp(;:C1.£\l ~n.,;trnmcntr), but differ-a :Ll .. c. tlJe "l.nttcr· · '.. 1l1tnining 

reaction~ since it takes u;; all tlle ~ tn1no cmplo:,·cc .. ' ther 

/lens a.ee!f.:; 



less ~ ply tb u1 ~b trua cono .. 

The cc ~e 't ",{ cent~ iA'l h ~~·~~gg,~X!! ia ch~l:. c slwped, 

With a thin . ull d cu.; url"OUl!. ing -:;he ['r c: tor· ·a:. t d' t~1e 

·•• end 
of t he rhnbct · . e:1·c tly thirkoncd tJ . e 'fhi l 

t h wa.ll o ot' he 'cholice'' lcc-·u·.,.cc in thickness t ..... 1· .. z·de the 

ou.ter edge 1' ~:10 eyo . 

cones mr.lke cvntnct \Vith the lower ends of tltc co: •c c•e lls, hieh 

t"orrn lid to tho " chalicett over the to~J oZ the · Tho 

cone ccllil, o lntcd out above on _, ;37, :;>. '>C du .. oidee 

t hcJ give riac by secretion. The inn r ur:Cacc , .. tl1e hoae 

or ·~he ncco:..: ... ·.l·y eono U\U'roundn bu~ ls lc,t con~le ..,c .Y in 

cont~oct \',ti t h, "h~ adjoining part o'£ the true con . , 110 

cc.ntuct te _ r·o'bnbly conj .lete i n the living yeo . e t iclr-

encd base \)f "·:1c c\ij; m." the occessory cone Purrae o~ c ll' lly 

into the ntc-· .• 'l'hiB a ton i s, in '· J.dth, "oout h: 1 tilo 1'1 d1uc. 

o-:? tbe ccne .... _here, nbout l2 fl- i.r:. l ength, n little 1 , ·e thnn 

th~ .. diametr of the sphere (aboFt 2..)- 3{ t)· 'i'lw 1n ··end of: 

t he atetn rcr·t._ en the rbt'bd<Y.n of the Ct i·re~;pond iJ r· 1 t~tl diunh 

cent ct b t wec 1. the t ;c is n. L Dlt . l ll 1.t l'OUP'hly 

dovet{; i led - c li' i B. 21 . • 

'fbe c C(<SSOl'Y c one, lil:e the true ccne , ) r.,.'b illy 

consisted, orlgina~ly, or two acgr:(..n.ts. In thin S"'~~..~·.c3 no 

division of tl13 t-cceas ory cone into tr10 ~inl.·ts ia cv . ... _en. 

In ;;;L;.;..•.....-o.-.e.-.e.:;;an;::;i::..:c..u ouch a cleavage is found, in both ':'.1: tirue snd 

/t11e acec;.oory cone 



acce:~sory cor c: ... In the :fi!{l·:•e ct: the eye :. f thi~;:; 

.;,r. 
vcies 

in Hewitt's (1':1•7, pl. iV: Pi ·. 1), .be G11 c ,, the 

The roeit1on '!.th rcgtn'i.l. t <) thi..: CO.l€' 

cont act ".T'lt!' the rbabd.om ia cbsc'l.~reu by ::.21.· ent. · r as 

the slHl.DC ". relative eize o~ the n ceescl'Y cone l, .. 

L. ocean)~· !X'e c0.ncerned, i t is ~s il" the 3tem .iie -------.. -----· 

bnae th1c1;:e: c- and the"'l. cut u;p perpendtcul, rly, t t:! 1 : ... _ ,_ , 

UJ U:::' 

r-nd condene~t :on ~f the light. 

structures t. c llght entere tl1e P.ent"i tive ·r·tr.; · . · ·e 1ye 

below tllr 

~re tbe ret .:..· 1 cello which, in 0ch Gi. n.'lt:!.diun, 

om"1rt1.diun rc , t r some extent, U.."tite<l tc .. : Ol't"l n ~h ~Jd.CY.: .• 

Th retiMl (or retinular) cella r 1·e, thrc<."tLhot.·.'. t £~ cyt, , 

tu'lif'crm i r C" .:.ze ond (\rrnngement, t co01·r ~a n ,cr..di:r~~ ...... vclo in 

differ~nt o o ';id:t~, so that in lm.::j. t, dinal sect · (Y. they 

f orm All obvi. · ·m layer, aepo.rate i"rcm th<. t ... r the c --·~er: . 

Since the e~-cternal eur.face is conait~ernbly Cltrveu' __ <... sinco 

the ommatidia are arranged radially; so that ;hei:r: iotal 

/cnda converge 



conve:r.g~ to the point of exit of t he optic nerve , ~lw inner 

endEJ of the om."'la ~idio. bave to be ccneid.erchly n11~ r· {C;:' t han the 

oute:r- . 

In e ncb a nr.1ati dium 'there are n ix l"et1n-tl eel u . 

about tho l u.n!_: i tudinnl axis c£ the r roUI> t hl"ollght 't ~heir 

l<-.ngt11 • Their outlineo are !'llirlY · e.~mtte and o c:1 col l 1 

oppr. :Xittatel,f cylindric l witi nn avore.gc diam~t· o . l ".)out 

7 f (taken b~ l f ' Way dm•;n the cell) nd an !'tVCl'n L(! -

.t the baae o.1"' the or.w.lt~ tidiun tlk ~._ 

I· ~<, 
, ' I 

The ct"'llo, a . .ceen in tranaver•co ~ i n o. 

l · t rally, 

ao that t·lGi: lrteral wnlls nre ,~..nrti~lly oblt t . . t , d . 

i s uounlly-

tc~c ther , t rl t is, for the cella of a a l i1f:le o 1 lt 1. ·a · i..'. ; to fall 

Tb~ C.{to ·1aern Of t btJSe C'lJa t ':.-!3 U _ p l o.c:; . t i !lS · ilOl"C 

l t t; oee · ::n;· in 

length, t he .. :to .l a ::; rr. ic mo_·t. 

internnlly. 

io s ~en in _ i g . 2 · Occt'ls 1onulJ.;y· v 1·y l·.r t c fl· .r·i.··r. _c nre 

cella. 

/Tho ~~nclei ::·. · ~J. llcrical 
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'l'he nucl.ot ore aphcrical tc alichtly ellipsoiC :. in 

ahapc. Encl'l hae n very d<n'ini tc and dnr1c.ly stair-.:n~ iJoiD'tdury-

&nd cent a inn n &ntill nucleoluu to~e:ther w1 t.h Vel'Y :r1 .• :."'ous 

The ooit en c~ tbe ~uclci 

varies. Tftoy may occur almc· t tll\,T.7\'i'here along tl'c ··ctinnl 

oells. ne,·.itt (1907, pl. iV, -·1'-Er• 1, I>-25) in de : . .:.n~ "ith 

ttdium nd ~c<:.l 

r~eact•ibc thcs .. .. n:acl e 1, out att t 8 til t they lie 

ends of tlte ce· .lo . 'l~ 1 ir l ·:r ~·h ~t · ~1 . , in ~p . •.~o •• \,;' .. 4.:. ~~. v l _ ... u ce . . !O .ild 

th<'rc:fo~c r to b~ more t• 5ulu.r than in :;... ~'L ·1 

Th. r~t:!.nr 1 g roupe c.r ne4t~' bcur-1 .. '11'" o::;,, .tiY.~. c 

aeptu•o.tod fl'O'l one nother b a o.~ .12. a r cc. 

. ' ..... . ,_....... ( . 

. U . \JUf!llt>Ut 

the length ·~1e om•·· tidiu:n . lld t'h t t:&: . .,_'(. l3 J.•IJ ... -- ~c.:.c;; for 

one of the ::- ~ .:!.J..e t·~ be 1•educet"i in a .c m ·.:o: ·ut 

e~e . .'· ..1.;.::.1.. 

nti~·e lencri;~ ;~ n rotl or rha1>domei.'C . ·' remains 

:;educed 

rbtlbdauicr~n r r e not closely w~soclntc1 t " ot•m n 

-.1 --t ion 

to the ~c 

con:Cl'.lcnt . the ce11-:i· 

:.1 11... outline 

/iS bOU.l'1.dCt~ by 
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by the distl.;1et rhn.bdomel~ea, v:·l '.c1l a. e on.ly lcooe.:t~-

hollow tube! . 

ot.rio.ted "> · :....c :v .icula.rly tc tl~ei:.. ... lcn.t;th . , lOllh 

are not all c ~=-ictly pc:•-pcnc....tcult•r . 

others c-nd aJ.l thicken c.nd run tocothc.r· ct thetr ~""(\i.e..: . l'his 

e.ppearnn.ce or the rho.bdet"' is part icuJ arly ,,ell 1'1":-:....'"T~ecl. ai'teJ.• 

fixation in ..:nblimate oc~tic 1.!1. oea :re.ter (f'o:. -29 

combination) ~~co~di-1fl to th~ d~ ~~ 

na that in the cones, retina .... ~ell nncL::i, o:.· -J .. 

l ayer . 

ere "'ling,. j;}Spe.ciall;i . 

5.ncllnc..•a. t; .. 

st1.mlllue, nna contj.nuous ·vit tbc ":' inc nr;.rvc rnn:· 

o;ften 

.. · ... 

.. .. 

1) as 

uced in 

l calls 

u:t~}Qre 

Ye 

c .t .~.1erve 

o1' the 



n~r·ve-ena cells . In thie c~ee th rllnbdcmeo ~n:· e c c.:·tn :l.nly 

ne rve f't"trillre in the cell, ef'u 1 .:1 n0t be a.~ nstr tc ~:. I·t is 

poaaib'J.e tllrt t he ooe of: met!U.lic im..,Jrecnnt ic:1. tcc~.-1:l.c: .. res such 

ao uaed 'by Sanchez (191G·. · .·:f) in ( emc,nstj_'):;tir g t ; _;.e_ -vou.s 

natm'\e of' th.:"' .... ctinal ct:!lls mleht d.ocide th.l.a :pG j_J:~:~. rit h 

c.rdinary at ..-l1.l1L1S methnds, auoh as tl:tot3o used , th~. eye or 

~.!.. nn.t.!kJ.cr.t~l~.f .... lenvea the que.) . ·.on. (' t thr:! ncrvou.:;;. :":' 1""'"~'-~n.ctive 

:!'unction OJ. th'= :r·h nbdom one- .o.t ill o1-:en ·.;o r!)ccul t · . ~ . It 

the ncrvoUB .:.~tm.•o 1H incomplete. 

c i~ ocen 

at v~riouc level s in '!<11g. 7. the 

stniniu.g ~au too <.loep t~ shoT~ t~ c. inttJ:.:•n r--1 c 'tr1 ,, . · ·, and the 

rc. tinnl cc · 

thron~1L-ut tt~c:ii' entire lene;th, by , . s es , . . p i --:rnnulea, 

hich. l ie in th~ r·etin.al cells, S 'l.ti1. '!. th0 -·b b .c, 

the mar glue _. the cell, o.nd 1h e.c · ,), . .i. t j_ , n 1..:. LT.' . • :. • ted in 

: c death . 
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pipent cella. Their pigment i s net s dense 

retinular cel la, and the grnnulea are, ~or tbe no -: p rt, omaller. 

The cytoplasm is uni:t"orm over the l!l~C1ater :pnrt cf' t ·c cella, 

being slirrht].y more coarsely granular in the region i ediotely 

urround1ng the a ceaaory cone nnd true cone. There ie a 

concentration of the pigment in cup aurroundint t he cone and 

acoeeeory cone, wbicb is ehown in Fig • 2 and 5· The condition 

ie probabl7 incidentally related to the light cc .. ldit ions obt in-

1n1 be:tore t!eath. (the speoimcna wer e killed i n ~he lir.ht). 

The cella form a complete m ntle rcund t lle upper half 

At their u~per end they abut on th 

cornea ~or short a ace, between Lh om~at1d1a. 

'l'be ommnt i d1 n ·e roucbly tri. nculs r in outline, oc tbnt the 

p12ment cells ~111 tho spaces b~t .een them by becominc distally 

expanded. 

The lower extrem1 t 1ee or t he r: 1emE:nt cello n e obscure . 

They seem t o end at, or just below, the u_ per enclC! o:.: tlle 

retinular cella, but the cell boundary in not defin 1 in thie 

region. 

'l'h e4gee of the .Pigment cella n1•e l ater l l y contiguous 

with the chnlice of the accessory cone buj ar·e e paJ.' ted rrom 

itc etem by a coneiderable space. as is ehown i n ~iLS · 3 nd 5· 

The nuclei of these cella are of about t he a e siae 

aa, or alightl,- larger than, thoae c.f t he ret in 1 cell • 'l'he7 

contain a nucleolus ond coarsely er nulnr m~t~r1· l , nd re 

surrounded b7 a distinct sheath. 
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1n the cy-to-yl aem suz·rounding the nucleus - see P ·.f: • 2 . 

The nuclei lie a t different levels bu ~ ·e nlwnys 

between the lower ends or the cone cells and the U:p) cr enda 
. 

of the retinular cella. In long1 tudinal nect ion ~~lCY are 

seen to lie on two ma1n leYels, one ncar the cone ~nd one near 

the apex of the ret~nulae. Alao, ne is seen in ~1g . 1, the 

pipent cells would appear to form two fnirly recul· ·ly 

arrnnged rowe, disposed about the 0'1T"1at1dia wtth t!1c1r nuclei 

at t wo different levels. Tl1e r•el1 · 11mi ts of the t ':'TO l nyers 

cannot be diat inguiahed, as is fre '. uent ly the c ' c in the 

pigment cello of tha eyes of Or ustocea. ( Bee .Pcnbvdy , 1939, 

P•532). It is thcr·efore eli. ficult to aeseos be""' rJ~ny cells 

are attached to each ommatidium ~ n.nd ·pha.t the arl~t n~~cnont or 

the separate cells is. The maximu~ n~~ber of nuclei ever aeen 

lying in one level, in a transvc.~se sect ion of th i 3 J.'Ot:ion, is 

six, as is shown in Fig. 5A· 

The cello surrounding a s 1nflle o·~atidiu~ rc not 

dettned in their lateral limits, as ts seen in Fl.t · 'J~·L. This 

confluence of the cytoplasm of n~ne1·ouo cella, tor.ather \lith 

the separation of their nuclei into two levels, render·s it 

virtually impossible to delimit a cell , or to a ai£ . 1 it to 

a particular 0~8t1dium. 

Fig-. 5 gives tbe impreasion of there beinr r~ lx cells 

surrounding the eone at t he level of the r tem of t:;c nccesa­

•·ey eone. These celle, boweVC'L', nlso surrounJ t1w neiehbcur­

inc/ cones, and 



cones, and are therefore not all to be assigned t. ne 

ommatidium. 

Hewitt's suggestion {1907, P· 25) that theoe J igment 

cella aend out processes whieb co"'le to 11 betreen the retinal 

cell s and the rhabdomeres - the .roducts or their ooeretion -

does not seem to be appl icable 1n t h is case. Tllo p1ement 

granules round the rhabdomeree - he. ·o described ,... llHrt of the 

ret1nnl cells - do not r esemble ny conta incd in t:w lemont 

cells . Thio oondi tion would seem to ~-ro~--lude the .. csaibility 

of the lntt•WJ.:.on which he nugc\a t o , c>ven L~art fl'o, lt 

unlikelihood in other respects . .. ~r0111 hiS 8ket ch r 71,1 V ~ ig ol) 1 

bie eonclUB1on would appear to lJ. ve been d:.·awn .'1.•cc nooe hat 

thick nnd undepigmented section, whee it ia ,oeaLblc that 

the crow<l1nB of the Jigment e:rnnulca moy have • i vc·1 the 

illusion of C.:GJn tinui ty bet een the t tO acto o-r ,t 

granules . It is moat unlikely th~t 2ueh o con 1 c ·nble 

di.fterence in mor.vhology would exict bet· eon eyo.~ 1, 2 ouch 
·I 

closely rel ted species . There io moreover no ~uegestion 
of such an intrusion o-r the accessory ; igmcnt cell' into the 

retinal cells in otber Cruotaccun eyeo. 

The Basement membrane and nerve fibrea. 

Th basement membrane 1 diotinct throur_hcut the 
' 

e7~ . It represents the membrAne unuo.lly found .~t the b eo 

of a lqer of bypode.mt cel la, snd 1.a continuous ·.··i t •l t 

baaement membx-ane of the body hypoderm. It is 1-1 the f orm 

o-r a fene.JtZ:t\tec .membrane, t hroug11 which the un'c.~.·lying 

nerve t1brcn a l'El continuous with the retinal cella. This 

/ cont inuity 
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is particularly clear between Pi gs . 2 C and 2D. '£i1e nuclei 

ot interneural cells nre visible bet een the nerve f ibres 

below the basement membrane, see Fi g . 2.1 . n . c. The nerve 

fibres from a single ommatidium unite below t he b accoent 

membrane to ~orm n ein!le nerve f ibre which, after a abort 

course, about equal in length to the retinal cello, enters 

the ~ptic ganglion. 

FiguPe 6 is a diagrammatic representation of one 

ommatidium tn longitudinal section and shows t he ceneral 

relations and relative sizes of the cella. 



N .:a. The cornea ha.s b~come detached and is not 
included in tbe dra~ing. 

c . :ttyp .n . 
c . o.n. 
c . c . 
c . \! . f . 
a. . u. 
p . c .. n . 
p .c . o . ~ . 

P • g . 
p . c . i. 
r . c . 
.r . c . n . 
:rhb. 
r . c . i . e . 

n . f . 

aorn~al hypoderm cell nucl ,::-us . 
Con ~ cell uucl ~us . 
oryntalline cone . 
Fissuxe in cone. 
Accessory con~ . 
Pigment cell nucleus . 
Pigment cP-11 out ~r ~nd. 
LaTg~ pi wnent granul~s . 
Intcromrnatidial pigm~nt c•~ll . 
Retinal oell . 
R~tinal c~ll nucleus • 
Rhabdo m>-:.r e attach~a. to on.~ Tetinal c~:.-11 . 
Inn~r end of r etinal eel~ continuous 
with n clrve fibre . 
Olost~ly pa.ckca n~rve fibre~. 

_______ ... ...._....__ ____ .., ____ _ 





, .Figure I .• 

Pa.:r_i!..g_~a:rs of _preparation etc. 

~ i croaoOl)l 

411!.lr. ..k.:p{rCbromto~:.t 1 c obj ective,. 
X ! 4 Iloloscopic eyepiece. 
ca.mera Lucida drawinf<, . 
3j* section. 

Preparation 

Fixation • • 

Embcd~ng 

St fl. inin& . 
" 

. ·ounted • • 

saturated soln. of corrosiv~ sublimate 
in sea wat P.r ~ith ao•tie acid - an Hct~s . 
Double embedding in Btb~:r : Alcohol 
( 75 !45) so ln. of Celloidin and throurr·h OHOl3 

i n GO degrees mel t:tng point wax. 
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Alcoholic light ii;reen. 
Through toluol in toluol-olartte • 
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Figure B. 

Part of the corneal facet. 
Corneal hypoderm cell nucleus. 
OrystP.lline cone cell. 
Orys~~lline cone. 
Cryst~ll1ne cone oell nucleus. 
Cone fissure. 
Accessory cone. 
Oontact between cone and rhabdom. 
Large pigment granules. 
Pigment cells. 
Pigment cell nucleus. 
l ucleolus in pigment cell nucleus. 
Clear space round pigment cell nuolaus 
Indefinite lower border • 
Retinal cell. 
Retinal cell nucleus. 
Retinal cell pigment granules. 
Rhabdomere. 
Inner end of retina~ cell 
continued into nerve fibre. 
Nerve fibre. 
Interneural cell. 
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b. cut. 
o.c. 

o. p. g. 

r. c. 
rhb. 
r.o. p. g. 

b.m. 
p. g. b. 

b.hyp. 

Figure 3. 

Hard outer part of corneal facet. 
Thick,laminated inner part of 
corneal facet . 
OU.ticle over body surface. 
Crystalline cones • (Two rows 
are seen since the section 1o 
both thick and oblique). 
Outer pigment granules in the 
pigment cella round the cone. 
Retinal cells. 
Refractive rhabdom. 
Pigment granules in retinal 
cells especially concentrated 
round rhabdom and periphery. 
Base•ent membrane. 
Pigment granules round bas a­
meat membrane and nerves. 
Body hypoderm. 
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Mi oroeoopy. 

4 mm Apoohroma.tic ob~ec1i1ve. 
120 ~oloeoopio eyepi ece. 
Oa.mera luoida drawing. 
6 /' aeot1on. 

Prepara.iion. 

Fixation : 
~mbectain~: 

Sja!ning : 

)(ount1ns : 

Pioto-Ohloro-Acetic acid t9 hours. 
Single embedding in 60 degree& melting 
pcint we.x through Xylol. 
Not depigmented. 
Aqueous eosin. 
Through Xylol in XYlol Balsam. 



Figu:re 4. 

o.hyp. Oorneal hypoderm cella. 
c.hyp.n. Oorneal hypoderm cell nucleus. 
c.hy.n.n.Nucleolua in hypoderm nucleus. 
p.c.u.e. Up ard extension of pigment cells. 
c.c.n. Oone cell nucleus. 
c.c. Crystalline con~. 
c.c.c. Oone and pigment cell cyto-
e.nd plasm indistinguishable from 
p.c.c. one another. 



!(icroscopx. 

2mm ob~eotive with oil immersion. · 
X I4 holosoop1o eyepiece. 
camera luoida drawing. 
4f eeotion,. 

Preparation. · 

fixation 

Jmbedding 

Staining 
younting 

: Saturated solution of oorros sive·· sublimate 
in sea•water with aoetia aoid-29 hours. 

: DOuble embedding in Ethe% Aloobol f75: 25) 
solution of celloi.din 'tbl'ough CH013 in wa·x of ·5o degr·ee~' melting point. 

: As given above for .. :.Jigure ·x, 
: Ae given above for Figure ~. 

c. 



a. c. s. 
p.g. 

P• c. o. 
cav. 
p.o.n .. 
p.o.n.n. 
p. c. b. 
p .. c .. b.i. 

Figure 5. 

Stem of the accessory cone. 
Large pigment granules concen­
trated particularly round the 
cone stem. 
Pigmeut cell cytoplasm. 
Cavity surrounding the oone stem. 
Pigment cell nucleus. 
Nucleolus in pigment cell nucleus. 
Pigment cell walls . 
Indistinct pigment cell 
boundaries. 



figqre 5•. 
1a natalensis 

tlicrosoow. 

2mm object1Ye with oil immeraion. 
X I4 holoscopio eyepiece. 
oameca luoida drawing. 
3-4!' seotion. 

Preparation. 

Yixation 

bbedding 

to) training 

: Saturated solution of Oorrossive sublimate 
in sea-water with acetic aoid- 29 hours. 
Double embedding with Ether-Aloohol (75-35) 
solution of celloidin , through oblorotorm 
in wax of 50 degree~ melting point. 

: Depigmented in Bowland's tluid. 
He1denhain•s iron alum Haematoxylon. 
Alcoholic light green. 

t Through Toluol in Toluol-olarite. 



c. f.!. 
o,f.a. 
o.hyp.e:. 
o.hyp.n. 
c.c.b. 

c. c . 
a. c. c. 

a.c.s. 
p.c.i. 
p.c. n .I. 

p .c.n.a. 

x. 

r.c. 
r.c.n. 

p . g.r.c. 

b . m. 
n.f. 

o.c.n. 

Figure 6. 

Thin outer layer of facet. 
Thick • inner. laminated part 
of facet. 
Corneal hypoderm uells . 
Corneal hypoderm cell nuclei. 
Indistinct cone cell bounds 
marked out by dotted lines. 
Crystalline cone. 
"Chalive~ of the aocensozy 
cone. 
Stem of the accessory cone. 
Interommatidial pigment cell. 
Pigment cell nuclei of the 
upper row. 
FigQent cell nuclei of the 
lower row. 
Contact between the cone and 
rhabdom. 
Retinal cell. 
Retinal cell nuclei varying in 
position. 
Figment granules of the retinal 
cell. 
Basement membrane. 
Single nerve fibre formed from 
the union of strands from the 
retinal cells ofi one ommatidium. 
Oone cell nuclei. 





rhb. 
c.cav .. r,. 
r.c.p.g., 
l.pog• · . 
r.o.n.n .• 

figure 71 

Retinal cell., 
Boundary bet~een the se~arate 
retinal cells. 
Rhabdom made up of six rhabdomeres 
Central ca.vity 
Retinal cell pigment granules. 
Occaaicnnl large pigment granules. 
Retlnctl 0ell nucleus with 
nuclaoluo., 



Figure 7. 
Transverse sec~1ons through the eye of Ligia natalensis 
through the rhabdomeres aad tbe retinal cells at 
a series of levels from above downwards. 
A• Transverse section through the uppereend of the 
retinal group. 
B. Oblique oen~l section through the retinal group. 
Q. Transverse section through the base of the retinal 
group. 
D, Transverse section through the oent~of the retinal 
group and passing through some of the nuclei. 
These sections show the size and arrangements of the 
eelS and rbabdomeres at different levels. 

JUcrosoopy. 
2mm objective with oil imme• sion. 
X I4 Holoscop1c eyepiece. 
Camera luc1da drawing. 
4 .. 'fit. sect ion. 
Frepara.tion. 

J 

Fixation Saturated solution of oorrossive sublimate 
in sea- water with acetic acid - 29 hours. 

Embedding : Double embedding in ether-alcohol (75:25) 
solution of cel loidin, through chloroforffi 
in wax of 50 degrees~ melting point. 

Staining : As for Figure I. 
Mounting : As for Figure·_,!. 
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2. The anatomy of the lateral compound eyes of Philoncia 

muscormn ( Jcopoli, 1Z6~). 

The eye in this genus doe s not appear t ... ht~ve been 

described previously. 

External characters. 

L ternl compound eyes are present a s paircd,eesaile, 

immovabl e structures, occupying p os itions corr~uJonding to 

those or 1J1s ia. They are, however, much smal"' \ 1., a nd 

instead or consisting of several hundreds of unlt~ , are 

made up of ten ommatidia. Externally the eye ir· very 

nearly oval in outline, a lthough the margins arc not very 

smoot"' ly defined. The major axis o:f the outline of the 

eye does not exceed 150f , as compnred with the correspond­

ing measurement of 500j. i n Lipia, The redu•"'tton of the 

eye is r e l ated to the habits of the species, which lives 

a rather inactive life in seml-dcrknees under stones . 

The eye aur:race as a ·,·hol e shows a mor·e or less 

unif' c,rm co;_vexity with refer\ nee to the body f'UL"f \ce. This 

is mucb s . .~ .. ller t · an the c onvexity oi~ the eye ir~ l i c i a. 

As in the latter, the eye externally appears f'nc t;t ted, 

with the dork pigment of the underlying cells esllo~ 1ng 

through tbo transparent lenses. 

Oornenl cut icul a. 

The c,;e is cove:red with a ser i es of' cuticul r 

lenses. These are shown in section in ? ig. C. i~.xtern-

/all y 



51 
- ally they are rather loosely r rouped toe-ether . !l the 

sides of the bead. The lenses nre , as in Licio , con­

tinuous ··it ' the general cuticle of the body but <.Uf:t'er 

from those of the latter species in being conait.:cre.1)ly 

thicker than the ordinAry body cuticle. :Froo ·'.he out-
a. 

aide each lena can be seen as ,,separate re.fract '.vc 
I 

convexity. The ordinary cuticle has an averarc thick-

ness of o.bout 5f , while the lenses vary in thic~,:ncss 

from about lOf to 20t , beil1£ thicker central1:,~ than 

peripherally - see Fig. 8, which ehmvs the lenses of the 

ommatidia across the eye. In this c ase the undcPlyin,g 

ommatidia are not all cut at precioely the sl'\mc level. 

The ommatidial sections under the central lcna~s ) ass 

through the centrf's of the cones, ~hile those t l:rough 

the outer lenses pass throurh the om· 8tidia more auper-

f'icially. From these observrti: ns, 1t appenro thot, 

above the co11es, the lenses h~ve their maximum U.cpth of 

about 2Gf4! , uhile each is 1;eriphcrully reduced tc about 

lOf or lt..i. .. • The facets t I'e not q_uitc uniforr1 in size 

and shape . Those at the ed{!e of' the eye are eli~htly 

smalle~ &nd thinner than those in the centre. 

•..:-ut the e~e the lenses are biconvex and globul 1• , in 

contrast with the untformly concavo-convex lensco in 

Ligia!. l'hey are arr•anged on u pnttern of more or leas 

r egular, ulternnting rowe of' row:hly circulai~ f cccts, 

each eeparnted from its neighbour by a amall area of' 

/cuticle. 
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cuticle. The lenses consist of n thin darkly staining 

oute~ layer about ~ in depth and or uni~orm t icknesa 

throughout the eye, and a thick, uniform, inn~r layer, 

which does not show the l am1nnt1ons npparent in ~~ 

The propo1·tions of the t wo lnyers nre shewn in Pi!> 8. 

The lenac tu•e as in Lieia completely tronspare:tt ond 

colourless without any external decoration. 

no evidence o:f the :ruston of t wo halves to forr.t the 

facet, although there are t wo cella below it. 

Externally, therefore , tl10 eye di:f'fe.J..'S fl'O."l that 

of IJigin in its smalle1• size a.'tld convexity, in ~he £r eater 

size and oonvexi ty of the separate l ensez, ir.. the ix• 

smaller number ~nd circular, rather thnn hexaton,~l , out-

line. 

The corneal hzpoderm cells. 

Tbeac , ae in Lieta, lie below the fncet nd nuove 

the cone, and are t 'P.o in nnmbcr. !heir position is 

shown 1n Figs. 9, 10 and 11. T~l-. y are situr ted on 

approximately the SAme level as the cone cells ·c1d not 

above them, as in Ligi a. T11e cells nre pl r:iced in :ed1ate-

ly above the uprser ends of the r ct lnul ,r cellJ cf' the 

corr .. el)o .. 1Clln£ omnnt idi um , on ·those upper our•faccr their 

lower· ends nbut - see li't~G · 9A Rnd 9B. 

The cytoplasm of the cornenl cells o:r adj,,ccnt 

ommatidia frequently appears to ~un toeeth0r l.tc ·nlly, 

/the 
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the limits between the cells disappearing. This is 

the condition obtaining in Fiee . 9A and 9B on t c left­

hand side of these ommatidia and in Fi£. llA on the right 

bend side. 

Sometimes, :1owever, the hypoderm cells are shar pl y 

separated f rom those of the neirhbourine omtll~t idin , as 

in Figs. 9D and 110 on the r 1eht h and side and i n lt""igs. 

lOA, ]..OB and llD on both sides. The latter i s probably 

the usual condition, with the coa lescence of t 11c cells 

as a s econdaz,y consequence of' the .general tendC!!C,Y ahown 

in this eye to simplification of' t 'he cellular t'tJ. .. "..tc ture, 

arising fron the decrease in t he number of om·~~~t i l!.i n . 

S ince they presumably give rise to an entire r~:r:_;cJ.erm 

facet, each pair of hypoderm cells r.o.ust, as in !·ir1a, 

originally have had a dorsal extension equal t o t1nt of 

the correnpcnding corneal lene6 The developrnr•nt of the 

cone cells below them and the ir mv.n de crease i n size, as 

their function becomes lea~ iml)Ort ~nt w1 th incre~~aing 

age, are presumably :factors h ic11, RS in 1 igia , ~mve 

contributed to the reducti on o:f t hese cells ond to their 

d isplacemcnt. Unlike the cel l s in Ligi A, -vh ic11 ore 

centrnl l~ .. d1oplaced, t1ie£e · r e eqH,r'':"·ted :~nd l'!1CVc<.l to the 

side of :1Jc nnmatidia . The t wo cells of a· s in~·le 

ommatidium often &ppear to be cas cent inucus, but it is 

to be presumed that there was orir i nally n briclp.; joining 

;~:w 
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the corneal cells together and it t el£ giving rise to 

the central or overlying pArts of the cornea. It may 

be that this bridge persiste, 'but, like the re~t of the 

cytoplasm1 has tended t o ~use with that o:f the 'c jncent 

underlyinE cone cells. Thi~ . :i[ilit well be too c ne 

:from Fi£..>. llt\, B, C and J nd 9A nnd lCA. Fi£·.--: • 9B 

and lOB, however, suggest thnt the cells are c oqplet( l y 

separated laterally :from the cone cells, in the ; llult 

condition. This seems to indicate the absence of 

such a -uridge, in the adult eye, at le~ .. et in the c ~ ~~ e of' 

some of tliC ommatidia. 

The corneal cells are slirh tly deeper eentr lly 

then peripherally. The peripheral depth on e <ch side 

is about 4-6f 1 the central dimension varyine fro·1 10-15)< • 

Their nuclei resemble those o:f the cone CGlla and 

are of appl~ox1mAtely the same si~e and on tl'le sqmc level. 

They Are spherical and densely granulsr, with & nucleolus 

and a distinct boundary. Their cytoplnsm is ~inely 

granular. 

The cone secretin£ c,ells. 

The cells, which give Pise to the cone <'l' cbief' 

refractive: 1)t r-t of the eye, :~~:·c two tn number. 

shown i n 1 li:E· 9, H, 1.1 (c.c.c.) 

·~hey are 

The position of thcec in relation to the ndjacent 

corneal cells and the later!il O.emnrka.tion o£ t!1(: cone 

/c lls 
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cella from these has been described above. The f'ol low-

1ng :f"igUl')t!S in the succession ei ven illustrate the 

structure of these cells b y a series of sectior.s tnken 

at repular intervale : 9A, 9B, l CA , lOB, llB, 110 , llD. 

The condition -of the cel ls 1n these section~ will be 

described and the description af tbe cone cells ns n 

whole based on tr is. 

Figs. 9A and 9B pass imr.ledi a tely throurh the centre 

of the eye ~.nd through two of' t he rh abdomcres. The 

cone celll. here form a lRs-er im· edia tely overl;rine the 

cone and 1'i111ne; up the entire spttce bet ;t en it nd the 

cornea, with the possible exception of the sp~ce occupied 

by the bride:e cf corneal cells rnenticned ut·ove , 11' this 

is pr~e nt v.t this level. 

I n t•, ic and the succeedlnt: sect icns t he nuclei can 

be seen. l'hey are very sitr.il ur tc thc£e of ·the hypoderm 

cells, which a re at the s ~me l evel above the co'"'.c . Fig. 

l OA shows the downward extension of tbe cone cel ·s which 

surrounds the cone laterally. Ita l ateral ·4· lla ~re 

contiguous with, but distinct from, t h oce of the ourround­

ing retinal cells - see Fig . llB. Its ventr. 1 extent 

corresponds to that of tbe cone . At its base this is 

in cont act \71th two of the rhnbdo:ner es of' the on..,·• tid1um. 

The length o:r each cone cell i s about 55f • 11hC contents 

differ fro .1 thoee of the hy~Jouc:. • ··1 cellz in bei r:r nl i ghtly 

/v.cuoleted 
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vacuolated - see Fig. 9B· Fig. luB paesea more ouper­

ficially than Fig. lOA, :for the most vart outsiC.e the 

downward extension or mantle o:f the cone cells, Pound 

the cone . A very slight indication o:f this mantle ie 

present 1._ li'ig. lOB. 

Fie• llB shows a sti l l more auperf'icial ncc t 1on 

of the cone cells. The condition o:f the retinsl·cells, 

with the ~habdom not visible, indicates that t he t.oction 

as a whole passes through the ommatidium near ita surface. 

The cytoplasm or the c one cells, ub ove the cone, is 

not alwayo diet inguishable !'rem tlH·t oi' the h,ypod.Lrm cells. 

In this prn•t of the omrr:atidium it :f'orme s f'lat l ayer, seen 

in Figs. llB, 110 and llD. 

Figs . llC cmd llD ar c Llii:htly l ess sup··j:f'icial 

than llB, since they paea t '!-;r ,·.ueh the cone nuclei nnd 

the rha ~do·1.::res. 

T'ms .rrom the sect ions it appeurs tll t t he corneal 

cells, aoen f'rom above, wo1.ud i'orm s. cor.1ple te r lae round 

the cone cells and would preourn"•bly c 3P them ov r nt least 

in the youneer stages. Bot11 tl1e dors~··l w1d l ··tcral 

deme i''tht tc,ra Of' the Cone f'l .. OZil the ll~{l>Odt.rm cel l.r: rre 

incompl ete . As described £1bovt. , ~.he do:c·Entl s~'.3.'f\\ce is 

1n contact with the co1 .. res110ndin~ eye-.:ucet, or ith the 

lower suri'ace of the hypoderm cell bl'idfc, if t .!.c. ia 

present . The cells have a maxi mum proxir.:IHl extent equal 

to tha t ar the cone. 

/ T>o cones 
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The conga 

T:1e cones, which arf secre ted by, and e~clooed 

in, the oone cells, :form the main ref'racti ve !Jtll:."'t c1' the 

eye. They tbmmeelves exhibit no trace of theil' pr aumabl y 

double origin but appear as uniform solid secre t ions. 

They are roughly ellipsoidal in e b a})e, 1 th a rou.'lded 

upper end and a slightly taperine lmfer end • Aec i g . 

9A, - a true longitudinal section of the cone. T11e 

uppe r rounded surface is in contact with the 1 C'7 r sur-

:ra ce of th~ c ap, formed by t he c one ce l l a above the cone. 

La t e r ally the cones· are surrcunded, f' irs t, by t he t h in 

mantle flaps of the cone celle , &S described ab ove ~nd 

t'igured L:. lt'ti , lC'S nnd 12:.~ , t lld t hen s~condly by t he 

continu o:f the retinal c~..:l ls round t he m - ce Pigs. 

l OB and l l B. 

The c ones stain with nuclear s t~ins moro d rkly 

than tbe ce;rnenl :f"ecets and l ess d ar kly t han t he Phub-

dome res , .J i s als o the c ane in ..... it;iu . They v ry elieht-

r el ation t o the position of t he otn.'lat iuium within t he eye. 

Their max i mum length does n ut exceed ? ) f' and t heil,.. 

maximum widt h, near the upper surfAce, 45t . Uo 

indication or the division of the cone into t wo Jur ta, 

to corre spond with its secretion by t wo cella, io visible 

in the adults. 

/The 
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The accessory conee, present in Ligia, ar not 

represe. ted here, Their development i:-1 Lijfia ie not 

one :f"undan1cmta1 to the compound eye in Cruatacc•~ but 

merely an adaptation to more perfect refraction, in 

connection with the obviously higher grade of O~i'~lc 

development found in the latter species. 

fbe retinulae. 

The retinulae, or sense cella, lie belOW' tile 

cones, snd each has its own striated bord~r or rht bdom­

ere, aa in ~ig1a. These cells re seven in number and 

extend thi-oughout the entire lenct cf the or.r:1 tidium, 

below the cone. Apnrt f'ron the"ir t!rf:rtt<>r nur:1) r, they 

dif'f'er in ieposi t icn f'rora t osc of I.i. j a. Ur..like the 

cor.t"espm ~!nr cells in the rye cf ~ieiu, they l:c not end 

at tht. leYl"ll of' the conf: unt extend up rcuncl it on all 

aideo, to nbut on the lower su!'fclceo of tl1e col"n nl cells. 

Their total lengtl t ie very net:rly equ.:1l to t~ut OJ.., the 

omena t 1 di uru. 

about 9 ·. t . 
They vary in length from ,-bout GCf to 

'l'hase measurements cPe tf:,1rcn to include t:1c 

up~> ard extension of the r·et lnulnr cells hich fol"l. n 

mantle round the cone and cone cells, to eeparvt c each 

ommatidiU rl from its neighbours. The cells arc longest 

in th~ ~ripheral o~mntidia. They t~ke the plr e of 

the intel"OMmat idial pigment cells in TJifi r:, whicl: have 

/ here 
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here no morphological representntive. The extent o:f 

the retinular cells at their upp~r ends corr=a~onda with 

that of the lower extremity of the corneal eel n , on which 

the particular retinal group abut s . 

1''•<. ... 1.uclei of the r •. t innl cells ore l ari .. l.l than 

those of' L''t' cornea l and CO!lC cella. 11hey lie 1·1 the 

upper endc of the retinal cella in the mantle r und the 

cone. The1r outline 1a generally darkly sta ined r~nd 

rcund th(. edges there is a dense collect ion of . J.•t;c, 

darkly <21t~ !.nine: granules. The inner 1.::. ter1Hl io more 

finely j!r.ln"Llor and ::rtainG lCLC ll!C!•kl y ;ith rtll the steins 

used. Ch~ or t wc nucleoli !• .'E" ucut'lly visible "1u. 

chl"OmRtin r,.atcria l is scattered throuehout the nucleus, 

which i s elongated and approximately t ,, ice the size of 

that of t~' cone cells. 

As iE seen in Fig. 12 1 a eection pa~ sine t1~ough 

the upp€ r• ends of the ret inular• ~ells, surround i n the 

cone cella , the di via ions be t ·.v en the inca vidurti. :t•r.:t inular 

cells are not cle:J.r here, au thc:o;r li'e belo1; th~: cones , and 

the cyto:plasm of adjacent rt>t. inul l' cells runs t occ tber. 

Fi ·,e ret in::..ll c. r nuclc 5. r·ound . ch ccnc dei'inc t llc nunib( r 

tlf' the eoJ.::. --... 

T!1c cytoplasm or t lle 1'-..' t innl cells is net homogen-

eous. For the greater 9~rt the cells o~c fi l_cd with 

coarse pie,:r.wnt grRnules . Then; flre uni:'orm in o ize, except 

for a f;_· i .r·regularly dietributed, larc~I' c:ranu .. ca , which 

/stai n 
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The rest of 

the cytoplasm is uniform and l ess dense than th'l-t of the 

cone or corneal cells. The distribution of' the i gment 

granules through the cytoplasm varies . They l ' C :rrequent-

ly concentrated round the rhnbdom r.nd tmvards t 'he centre 

of the cell and are less common in the uppLr extens ions 

than in the parts below the cones. They nlso occur 

round the nervous continuations of the cells bclo~ the 

base~nent membrane. 

Tho upper surfaces of the cells aUl~round th~ cones 

fairly cloaely, being separated from them by a so:..,ll ~pace. 

They are probably adherent in life. 

There are seven retinular cells to each on •. "\tidium. 

The number is constant throughout the length of the 

ommatidium. Eaeh cell is about 15 f in aver at c d1nmetre 

- see Figs. 13, 14 and 15. On compnrison of "''ies . 15A 
-

and 150 it is seen that, not only do the om~atidin of 

Philoscia dif:fer from those of !.1e1a in the preocnce of 

an additional cell, but ths t in them there is a vr;ry 

considerable enlargement ot the individual celle. In 

Philoacia, the part of the ret innl cell below t1Jt:--6cne is 

slightly C'i!Crter on the ave~·nr.e thnn tbe retin.~l cell 

below the cc-ne in Lie;ia ( abcut 45f as comp!:\red · :i tb 

about 55f in the central om natidia in both caoes). The 

individual cells and their rhabdome are of approximr tely 

twice the d1ametre of those in J .. i J1iu . This ic t:1e most 

/not lcc'1ble 
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noticeable change in the hiatolO£Y of the eye , .... b ich 

accompanies the decrease in the nunbLr of om:.nt.iJ i r: from 

several hundz•eds in Lig1a to ten in .t'hiloscia. 

Fit · 1:> illustrAtes the f'ollowinr addit i. n:. l 

points in the anatomy of the r etinal cells. A io n 

section at the top of the ommatidium, B nt the b've . In 

B two of the cells show a distinct tendency t o co~lesce. 

This is incipient, though leas noticeable, in ,\ . 

B indicates th~t the rhabdomeres do not persist to the 

extreme ends of the cells, but atop a short distance 

above the basement membrane. 

The rhabdom 

For much the greater part of their length , the 

r etinal cells are separated ~rom one another centrnlly, 

so that tlle l'babdomeres aloll£ their inner edeeo vre 

arranged abcut an axial space - see Fig. 15A. ·~t their 

bases, the cells are cont i guoua and the space be. t ween them 

obliterated. This coalescence is below t he rht lxlomeres 

but above t i e basement membrane, as is shown in~:~ . 15 B. 

The rhabdomcres as in Ligia are striated, and in l onti­

tudinal section the striations o.ppear to be r ather 

irregularly transve1•se. The outei' longi tudinnl edges 

o:f the rhabdomeres are slightly thickened and t~Je 

striations are perpendicular to these - see Fier- . 9, 10 

and 11. In transverse section the n.ppearance <li i'.fel'S 

strikingly from that of Ligia. In the latter the 

/rh~bdomeres 
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rha.bdomerea of' neighbourine cells a re approxirn. ted to 
\ 

:f'orm a continuous lining to the axial canal of: the 

rhabdonh In Philoscia the rhabdomere& are c or;(-..l i.t ely 

separate, each forming the top of' one r e tinula.~,· cell and 

projectill!. t separately :from its neig:1bours, into t · e 

axial e anal of the re1.1nal cell .. bundle. 

rhabdomere& differ further from those of Liela i n being 
bt'-

almond shaped rather than~onvex and lenticular in 

appearance, in transverse section. The staining 

properties of these structures are ver y similar to those 
-\1-.ey 

6f the rhabdomeres of I.~igia snd,, a re presumably cl1ttinised 

in both cases. In Lis1a, in view o:f the smal l d1ametre 

of the cell a, and of' the rhnbdomeres, it is not p ossible 

to see much of' the internal struetur•e in transvcJ.>sc 

section. The lar~er size o:i. t l>es<; in .f-hilosci . renders 

their strt.c t ure visible with t be ·us e of' a 2mm oil 

immersion l cno. Round each rhabdomere ther•e io a 

continuous, darkly staining , more or less unitorm, border. 

Homogeneous with tbts is a centrnl , axial bar- r:ue in 

Figs. 13 and 14. Fig. 14 is an obliq_ue sect l ca , which 

indicates t he continuity of the central axial b~r through-

out the length of the rhabdc,inere. 

radiate out on each side a series of' cross bar~o · il.ll.ch are 

superimposed at various levels. <rhese are rouJ,.hl ;r 

perpendicular to the central bar, or inclined t o it at an 

angle of' about 80 degrees . The trans verse b nr is 

/continuous 
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continuous with the axial bar on one side nnd the 

marginal thickening on the otbe~· · The bars on r.. ither 

side do not ccrrespond exactly in numbn:.•, size, vr 

position. They are not tmifo:rm in thickness n1oT.l,£!; their 

own lengtb and, in particular, nrc thicker at either end, 

where they merge with the axial bar or the pe r i ;ph .'rl 

ring. Sometimes these structures nre incomplc-~c ns in 

the upper• rirht hand cell in Fie· 13. Althcu...:"1 it 

seemed posaible that this appearnnce of the rl1r b<lom mieht 

be due to a vacuolation caused by the .fixative, ~;10 

regularity with which it occurs 1n diff'e rent cel l o , treated 

with dif:ferent fixatives and varieusly stained, mokes it 

unlikely thnt the structure obs t:> rved in the rhJ bdor:1eres 

is an artetact. Moreove~ as the rhnbdomer~s op:,cnr to 

be chitinous in nature, they nre not likely to be distort. 

ed by fixation. 

Thus each rhabdomere consists of a seri es of bars 

radiating out at various levels from u central. r x1nl bar 

to a peripheral ring. Thour not minutely o: ... · ·c trical 

at least in t : e sections, the rhabdomeree as u u1lole have 

a fairly well ordered appearqnce, as is seen in ~i~ures 

13 and 14. 

As in the case of Lie1a, it 1e not possible ,ith 

the technique employed to trace the ner·ve fibrilL into 

the rhabdon. In Figure 13 however, fine radiuti~B lines 

can be seen running throut:h the cytoplasm of t l!e sense 

/cells 
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cells (~. c . ~ . 1.). These hnve the appearance or r1ne 

ne~ve fibrillae passing through the cella towaz•ds the 

rhabdomeres, ·though they cnm10t be traced into tbt...oe. 

They appear instead to end in the p i e-rr.rented cytGl)lnsm 

of the ~otinnl cella. 

The rrangement of the ph tee til the rhnbdom does 

not co~reopond to th!tt of any othe r eye, of wl11cll a 

description has been seen. That such a unique ~tructure 

should be found in an Isopod eye ts nc.:t perha_w uo 

surprising ao might at first appe~r tc be the c a.sc. The 

eye in Ieo!)oda as a whole is extremely v ariable, Imrticu­

larly in the rhabdom structure, mere many 1ntc~er1des 

are found, as is described on pages I I5-Il6 -
It is not possible to account for the structure of the 

~habdomeroo as due to degeneration, although the eye as 

a whole is degenerate. Degenerate rhabdomeres nre by 

all precedent amorphous rather th~n highly difr~rcntiated 

- see Eggert (1927, PP• 38-39) and Verrier (191~3, pp . l48 

-1.50). It seems more likely th~t the rhabdor.c~co and 

retinal eells have be.en enlnr r ed ond elaborat t"d to 

compensate for the degeneration c.;f the eye us a .'wle by 

an increase in the efficiency cf the units. 
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There are some difficulties attachinf: to regardi ng 

the rhabdomere plates as neurofibrillar in or1~tn 1n this 

case . No direct communication between these 11d the 

optic n( urofibrillae of the r etinal cells can ue seen. 

Moreover it is difficult to reconcile the devclo11ment of 

such an elaborate receptive surface with the f.ct that 

the eye 1e, on the whole, of a low grade of ~ vclopment. 

Tbe structure in this case is perhapa more re d1ly 

account d ~or by assuming that this hao been evolved as 

an elabOJ: rte app&ratus fol1 the support of the enl •trged 

retinal cells and that it baa a dioptric funct:on rat. er 

tban a peroeptive one. In dim llcht the condensat ion 

of the available lie;ht by the cones and its rc1rnotion 

by the rhabdomeres into the p1gmented
1
photoserait ive 

protoplasm of the enlarged rctinDl cells would presumably 

be more advantageous than an elaborate arran£emcnt ror 

the pereept1on of detail. 

Basement membrane. 

At the lower ends of the eye the retin·l cells 

pass tlu·cueh the basement ltl~!'1brnne ~nd be come cc::1t inuous 

with the n ·rve £1brea pasaine to the optic g~:lion. As 

they pasc through the basement mer:1brane tJ1e cello are 

constricted and below it the r et inal cells ot ~.;nell omma­

tidium unite to form a single nerve fibre - as i o oeen in 

Fig. 9B· 
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Figure 8, 

cuticle of the general body 
surface. 
Nuclei of the oorneal hyoo­
derm cells. 
Darkly staining outer layer 
of cuticle. 
Uniform inner layer of 
cuticle. 
Corneal .facet. 



~igure a. 
rransveree section through the corneal facets across 

lie eye of Pbilosoia musoorum to s·how tlie thickness ' 
of the lenses and of the surroundi~g bod'!{ cuticle. 

llicrosoopy. 

~ 

0~---!-~.t-+ .. -f-~ ----!,. 100 IT")fn 

4mm apochromatic obj eQtive. 
X 14 holos~opio eyepiece. 
Camera lucida drawing. 
3 ;c- a action. 

PreEaration. 

Fixation : 
Embedding : 

Sta!ning. 1 
iiounting ' : 

Oor~osive sublimat e 1n 96 % alcohol-as hours. 
Double embedding in ether -aloohol 
( 75 . 2fJ) solution of oelioid1n, through · 
ohlacoform in 50 degrees' . mel ti~g point wax. 
Ixon alum haematoxylon. 
Through toluol in toluol-clar1te. 



o.byp. 
c,hyp.n. 
c.hyp.b.I. 

c.hyp.b.2. 

c. c. c. 
c.c.n.n. 
c. c. 
sp. 

r. c.u. e. 
r.c .. n. 
rhb. 

p.g.l. 

r.c.c. 

b.m. 
n.f. 

Figure 9. 

Oorneal hypoderm cells. 
Oorneal hypoderm cell nucleus. 
Boundary between the corneal 
hypoderm and cone cell. 
Boundary between the corneal 
hypoderm and retinal oells. 
Vacuolated cone cell cytoplasm. 
Cone cell nucleus with nucleolus. 
Crys_talline cone. 
Space separating cone from 
retinal cells. 
Upper end of retinal cell. 
Elongated retinal cell nucleus. 
Rhabdomere along the inner 
border of the retinal cell. 
Large pigaent granules in the 
retinal cell. 
Oooas~ional, exceptionally large 
pigment granules. 
Continuation of the retinal 
cells through the basement 
membrane. 
Basement membrane. 
Nerve fibres 1continuous with 
the retinal cells of one 
o~atidium1 merge together. 



Figure e. 
Longitudinal seotion through three ommatidia of the 
e~e of fhiloacip. muscorum. ·Sections A· and B pass ' 
t rough the oent~ea of the cones. Section 0 passes 
very superficiall y through ~ third omraatidiu~ 
the edge .or the eye. 

tr • ml.0rosoopy. 

4mm Apoohrow ic obj eottve. 
X 14 Holosoopic eyepiece. 
Ca.mera. luoida dra\ling • 
3 ;c section. 

Praparat1on. 

Fixation. • • 

Embd,ding . 
• 

Sta.in~l}S, • • 

.... 
Oorroseivc sublimate 1n 96t alcohol -
29 hours. 
Double embedding in an etl1e~-al·~ohol 
(75:25 ) solution of celloidin, thrvugh 
chloroform 1n 50 degrees' ·melting point wax. 
Partia.lly depigmented in Geenacher •s 
fluid - 2hours. 
Delafield' s haematoxylon. 
Aqueous ~osin. 

Mounting ; Through toluol in toluol-elaritd. 

- ·----------



c .hyp. 
c.hyp.n. 
c .hyp.b. 

c. c. c. 
c.o.m. 

c.o.n~ 

c~~os.c.o. 

r. c. u.e. 
· r.o.n. 
rhb. 
p.g. 

Oon. 

p .g.l. 

r.c.co 

b.m. 
Jt.f. 

Figure . IO. 

Corneal hypoderm cell. 
Corneal hypoderm cell nucleus. 
Boundary between the corneal 
hypoderm and cone cells in 
one ommatidium. 
Oone cell. 
Extension of the cone cell 
laterally round the cone in 
tt.e· foro of a mantle. 
Cone cell nucleus. · 
Vacuolated cytoplasm of the 
cone cell. 
Retinal cell -upper end. 
Retinal cell nucleus. · 
Striated rhabdomeres. 
Lage pigment granules ~itbin 
theretinal cells. 
Oontact betfleen the upper 
end og the rhabdomeres and 

~the cone cell mantle. 
Exceptionally large pi F"~ent 
granules. · 
Continuation of the retinal 
cells through the basement 
l!lellb l' a.ne • 
Bas~=ent membrane. 
Nerve fibres - those from one 
ommatidium merging in B. 
Kanile formed outside the 
cone mantle up the retinal cella~ 



Figul'e IO .. · 

sections of two ommatidia from the eye 
o P oscia muscoTuo1 immediate y outside those 
sii~wn in lig:gre 9A. _Figure IO. A pass'es immedlatelt 
outside the · cone and through ~he cone' cell mantle • 
Fi re IO B asoes throu· h the ocmnatidium more 
superficially and thus through ( fi y a small par~ · 
of th:. cone mantle . - -~~~~~~~--~------------------------~ 

Microsco · .• 
. . 

4mm Apochromatic objective. 
X I 4 bolosccpic eyepiece. 
Ca.mera lucida dra"ing. 
3jv section. 

Preparat 1on. 
Fixation : Oorroasive sublimate in 96% aloobol 

-29 hcurs. 
imbedding ; Double embedding in ether-alcohol (75 : 25) 

solution of ceJ.1oid:tn. , thruugh chloroform 
in 50 degrees • melting point wax. 

~tai.ning : l'~'i;tly depigmented 1n Grenaoher • a fluid­
a hours. 
Delafield's bal!ma.tox.ylon. 
Aqueous Eo:3in. 

~ounting. ;Throu~h to~uol in toluol -olar1te. 



c.byp. 
o.hyp.n. 
c.hyp.b. 

c.o.o. 
c,c.n. 
c. c. 
r.o.nt. 

r.o.n. 
rhb, 

r.c.p.g. 
b.m. 
n.f. 

Figure II. 

Corneal hypoderm cell. 
Oorneal aYPOderm cell nucleus. 
Boundary between the corneal 
cells $£ adjacent ommatidia. 
Cone cell. 
Cone ooll nucleus. 
Orystall1n6 cone. 
Retinal cells fo~ng a mantle 
round the outs~de of the cone 
cells and the cone. 
Ketinal cell nuoleua. 
Rhabdomere below the level 
of the cone. 
Retinal cell pigment granules. 
Basement membrane. 
Nerve fibres con tinuous with 
the retinal ' celle. 



Figure li . 

Long1 tudinnl section· of four ommatidia of tbe eye 
ol' rhiloscia muaoorum, of which D is nearest tfie 
edge e;f the eye·. A passes through the cone , w1llle 
the remaining sections pa~s outside it ,with~ 
even more superficial ebru1 0 or D.. · 

Microscopy. 

4mm ApQohromctic obJective 
X I4 holoscop1o eyepiece. 
Oamera lucida drawing. 
3f section. 

f repara.t ion. 

Fixa.tion 

~mbedding 

St a+ning 

IIOU;lltiM 

: Oorronsive sublimate in 9~ % alcohol 
29 hours . 
Doubl~ embedding in an ether- alcohQl 
( 75 : 25) solution of oelloidit~ through 
chloroform in 50 de~t~es • melting 
point wax. 

: Depigr.cent ed in (}:cenaober 1 a fl,11 d. .. 
DelnC1eld's hae~atoxyl~n. 
Aqueous Eosin. 

: Through toluol j.n toluol-cle.ri te. 



o.o. 
o.o.m. 

r. c. 

r. o.n. 

Figure 12. 

Crystalline cone. 
Extension of the cone cell 
as a ~~ntle round the cone. 
Retinal cells in one ommatidium 
have run together to fom a 
continuous pigmented sheath 
round the cone. 
Retinal cell nuoleur • The number 
of nuo~ei to one ommatidium 
in this section cannot be assigned 
with certaint~ since the cyto­
plasm of the cells in adjacent 
ommatidia runs together •• 
From lower sections it apPears 
thvt the numer is definitely 
seven. 

' 



Fi·eure ~_g,. 

Transverse section throt¥h tn:: upper ends of the 
retinal · ·1 '~'Ment cellu and thrvu~ h thi~ cones i the 
§1e of Ph1loac1e muscorum at evel of the 
rc1~ 1n&l i ·J:Uent cell LLUclei . 

A 
L-__.' _......._~3~...a.." ---J61 "i'<="o ""'ITl I I , I . 

E . 

)!i croscopy. 

4mm apochromatic objective. 
X J~ Holo~copic eyepiece. 
Cfl.nl{ rP luo1da drawing. 
3 ;.v section • 

.r repara t1 on . 

• 

Fixation : · Oorrossive sublimate in 9~alcoho1-29 hours. 
Em)?~ddinfi : DOuble embedding in ether- alcohol 

(75r25) solution of oelloidi~ through 
chloroform in wa~ of 50 ctegrees melting point. 

Stainin~ : DepigmAntdd in t;-:oennoher•A fluid. 
~;ountin~ , : Heidenhn.in' s iron alum haeruutoxylon. 

> Thtough toluol in tuJ.uol- olP.!'ite. 



r.o. 
p.g. 

r . c.o. 

r. c. b. 

rhb. 
rhb.b. 

rhb.ax. 
:rhb.r. 

ext. 

Figure I3,. 

Retinal cell. 
Ooarse pigment granules conc­
entrated tewards the outaide 
of the cell. 
Finely granular cytoplasm of 
the retinal cells. 
Boundary between adjacent 
retinal cells. 
Radiating linea in the retinal 
cell cytoplasm. 
Rhabdom eras. 
Thickened outer borde~ of the 
:rhabdomere .. 
Axial strnnd within the rhabdonere. 
Radiating bare wit~i~ the 
rhabdocere. 
Extraneous tissue. 



Fisure ~3 . 

IDUBCOrt.l.f! 

' , ... 
:.··; "' .. -·. ,..;;. --. -··. .. . I. .. • • . . . 

0 l ..L 
• I lOOf"'J'\"'\. 

Ui croaccry. 

Znvu oi.l i ... e ru::..on oJ Je.;tive . 
X 2c- Holosco:.: i o eyei: 1e~13. 
Free band dr a,,ing l!; i t h a scc..~.1e f :ro~.n a camera 
lucida outlinE:;. 
a1 section. 

PI,eparation. 

Fixation 

Embeddin~ 

Staining 

H_ount1ng 

: OorrCJssi va a ublililat,, in 96"~ alcohol 
29 hours . 

; Double embedding in ti.il tfi,h~r-a.lcohol 
( '15: 2·5 ) solution of celloidin, through 
chlojoform , in wax o! 50 dggrees 
melting point. 

: Depigmented in Grenaober's fluid 
He1denhain•s iron alum haematoxylon. 
Through toluol in "\oluol-clari te. 



r.c. 
p.g. 
r.o.c. 
r.c.g. 
rhb. 
rtb. b. 

r.c.e. 

Retinal cell. 
coarse pigment granules. 
cytoplasm of the retinal cell. 
Large irregular granules. 
l(nabdomere. 
Thickened outer border of the 
rhabdomere. 
Axial strand of the rhabdomere. 
Rows ef radiating bars coming 
o ·ff at different levela from 
the axial b~tr. 
Pigmented extensions of the 
retinal cella surrounding 
the cone. 



Figu.Te I ~ . 

Oblique section through . one of the r eti •. a.l cella 
1n the eye of Philoacia muscorum. 

~icroscopy. 

a mm oil iooeraion objective. 
X 20 holoacopic eyepiece. 
Free hand ~ra•1ng with the sole constructed from 
a camera lucida outline. 
2 jl sectio~. 

rreparation. 
Fixation : Cor~ossive sublimate in 98 ~ alcohol 

29 hours. 
Embedding : Double embed(liug in ethel'-alcohol ( 75:25) 

solution of oe4. l oidin and tb.;i,Zough 
c~lorofo:rm in wax of 50 degrees melting 
point. 

Staining : Depigmented in Grenu0her•e fluict . 
Be1d.enha.in' a iron t-tb.<m haematoxylon. 

Mounting : 'l'h:rough toluol in toluol-clat-1 te. 



r.c. 
r.c.g. 

r.c.c. 
r.c.b. 
can. Eo. 
rhb. ·· 
r.o.cf .. 

r.c.c.'t·• 

_Figure n:;. 
Retinal cell. 
Large pigment granules within 
the retinal oell. 
Retinal cell cytoplasm. 
Boundary between the retinal cells. 
Central space. 
Rba.bdooere~ 
Two retinal cells confluent at 
their base. as th~ y are incipiently 
in Fi g.A. 
Retinal cells contiguous at 
their baseD where they pass into 
the nerve fibres below the 
rhabdower~ ... --s. 



Fieyre. 15. 

A ~d B a~e transve;se sections through the retinal 
ce«ts of Ph1losc1a , A at the top of the rhabdomere& 
belov the cones, B at the base of the cells where 
they naos into th;:; netve fibres . · · 
c. Transverse section tbroufb the retinal cells of 
one · om~.a tidium in the eye o Ligia drawn on the 
same scale for oomEar1uon with the size of the 
celis in Ph1loao1a. ' 

l~1 cr<'SCG1PY~. 

4mm apochromntic objective. 
X J4 holoscopio eyepiece. 
camera lucid& dra.w1ng. 
3-4r sections. 

Prepe.ratiop. 

fixation 

E_mbedding 

Stain in~ 

Mounting 

: A and B , corroeeive sublimate in 9~ alcohol 
0 Sublimate in sea -water with C!~OOOH-29 boura. 

: DOuble embeddin-g in ether-alcohol \75:25) 
celloidin, through chloroform in 50 
degrees• melting point wax. 

: A and B Depigmented in Grenaoher•s tltid. 
Beidenhain's iron alum haematoxylon. 
0 D~pigmented in Rowland's f~uid. 
Heidenbain•s iron alum haematoxylon 
Ligh" gre:m. 

: Toluol-olarite through toluol. 



3. The anat2rol or the Lateral comEound exes pf Jtrcpt o~ 

~ephaluo. 

66. 

This form was found as an active ewitnmer i n t he 

fairly shallow waters of a fresh-water well. It uas not 

specifically identified. 

The eye does not appear to have been prcviouoly 

described for Streptocepbalus but has been studied in the 

related genus Branobipus, where it has been dcncr ibed in 

several speo1~s as follows :• 

B. palludosus (Burme1ste~, 1835, P• 531), B. strcnnlia 

(Spangenberg, 1875, PP• 3~32), ( Grenacher, 1879 , pp.ll4-
" 

115), Dranchipus sp. (Claus, 1886 , PP• 78-80), 

B. tortieornis (Claus, 1886, PP• 319-332), ~~ubci 

(Patten, 1886, p.615), B. ~ormiaiformis and B. v r nalia 

( Parker, 189~, p~73, Figs. 30-32), B. staenali§ (Uowikoff', 

1905, PP• 432-464) and B. selid~! (Howland, 1911, pp .14?-l49)· 

AJ"l t ·:,f these descriptions are rathe-r short oz• y ·; ilable 

to me only in abstract but the more detniled decc~iption 

o~ Streptocephalus given here agrees with theoe i n out-

line. 

External features. 

The eyes are large, compound, l aterally ' l aced 

strueturee, differing externally from those o:r the other 

two species described, in being stalked. Eac11 eye :rorme 

the terminal ca~ of an unjointed, ocular stalk, projecting 

from the aide of the head wit a forward aspect. The 

/eye 
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eye surface itself' is even in curvature, and .forma the 

major portion o:f' the surface o-£ a sphere. Tllc approximate 

diame~~.re f the eye is about 6oo . .t(,, while that o'J: the stalk 

is abou·' .5~oo./k . 

a in the previous cauea, the corneal lcnocs 

show a tendency to become detached from the inner, 

softer parts of the eye. Fig. 16 indicates their· 

approximate number across the eye, their disposition, 

and the extent ot their curvature in relation t o the 

curvature o~ the eye as a whole. Fig. 17 sho\7G that 

each is trnnspal:'ent, very little thicker in the n iddle 

than at the sid4s - {about ~~ in each case) - nnd is 

eoneavo-convex with the convexity external. The lens 

cuticle is very little thick<.. r than that· ccverins:; the 

rest of tho body and resembles it in being colourless 

and transpnvent, without external decoration. 

ana body cuticula are cont inuous. 

A slight rim of cuticle at the edge of t he lens 

stains with basic stains more deeply than the r cut. The 

remainde:t' of the cuticle is uniform without percl: )tible 

laminationo. The number or ommatidia 113 laree - ubout 

fifteen hundred - about t wice as many as 1n Li(~· 

The lenses are arranged 1n r egular. compaet rows. 

There appears to be no change in the shape, size, 

curvature, thickness or arrangement in the faceta 

/b.elong1ng 
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belonging to the .ommatidia at the edge of the e!~ • No 

division is visible in the f acet to correspond t c its 

secretion from two hypoderm cells. 

The co~ru: 1 hyPodepm or corncaeenous cells. 

The hypoderm cella, which give rise to the cornea, 

are two in number and lie im~edintely below the cuticle, 

to which tbey bear the same relation as do the oi~inary 

hypoderm cella to the body cuticula . In the ~ult they 

remain vis1ble, though their cytoplasm ie re&tC(d in 

density, , L comparea with thnt of the cone cello , 1Jith. 

which they are in contact. Probably they were oore 

conspicuous in early lit'e, when they were act 1.vely secret­

ing the cuticular lens, as in other Crustacea - oeo 

Patten (1886, P• 64.5)· They are shown in Fito • 16 ,. 

17, and 18. 

Although they are not separated by dist inct cell 

membranes, the number of the cells ie defined by their 

nuclei. These are placed in the downwal"d extensions 

of the cella, which pass below the levol or the cone 

cell nuclei. Their poeit lon ... •enders them r G dily 

dietineui~hable from the cone cell nuclei. The nuclei 

are small, spherical and densely granulnr, w1t11out a 

nucleolus. The,- are slightly l arger than t he cone 

cell nuclei, as is seen from Figs. 17, 18 and 19· 

~1c cytoplasm is not as dense as in the cone cella 

/ u.'ld 



and is mo1~ or lea~iform. Fi xation woo rene~ 1 1y 

poor tn these cella althoU£h v nrious fixatives uerc 

tried, nuncly Sea-water Bouin, Ficro-Chloro- cctic acid 

and l / !'icl"•i c acid in 96/ Alcohol, which were tu:md both 

hot and cold, and most of which gave satiafactoi'Y results 

1n other oaaca. 

The upper surfaces of the cella are contiguous 

with tbe ~ower surfaces o:f the corneal f'~cets rn:d ure, 

therefore , in extent, about 40 fL· Laterally thci," extend 

down to n uistance of about 20~· The lower surf ~c 1a 

strongly concave to 1'1 t over the upper surface c_.f th<! 

cone cells to whioh, in thie region, they are n_,:Jliad. 

In some eases they appear to have been 1 tc·ull7 

displaced eo that the two ee~ls of a aingle o• t 1d1um 

are not continuous over the cone cella but are o~yarated 

by the cone cells, which then cone in contact r i t h the 

under surface ot the cornea1 f acet. This is the 

condition in Fig. 18B, while Figs . 17 B and C bll0'1 the 

persistence or a bridge ove r the cone cells, j otnins 

the hypodc~·u cella on either oide of the ommatid ium, as 

appe ar a t o be the case in 1 h iloscia. !,aterally t · e 

hypoderm cells of successive ommatidia nre clcd .,ly 

separated from one another, as in Fie . 17. 

The cone gells. 

B l C'\7 the hypoderm and tbe cuticle, which i t 

/ secretes 



70 

secretes, there is, in each orrunqtidium, n f'urthvr 

refractive or dioptric apparatus - the crystalline cone, 

which is secreted by tour cone, or uvitrclla" cello. The 

cells fol"r.1 n cap over the top or the cone and "tL:"ound it 

laterally tr1roughout its length. 

The c W oplasm or the cella is densely granular and "";t., 
d\srribul>on o~ <;)mnule..s 

more or lees uniform.~~ except that the part abovo the cone 

appears to be slightly lese dense than that belo~· -"' · · 

The cytoplasm throughout the cone 

cells 1a denser and coarser and atn1ns more deeply, thnn 

that of tho retinal or corneal c~lls. 

~he nuclei are small, spherical bodies, lyi~ above 

those ot tbe corneal cells. Like the latter, they are 

denae1y granular, stain darkly, are without a nurleolus 

and have a darkly staini ng, diatinot boundary. They are 

situated centrally within the cells e.nd are plccc<l one on 

each side, symmetrically, in the b and of cone cell oyto-

p1asm above the cone. Fi{:> 18 A shows a loneitud1nnl 

section through the upper part of the cone cell s ~nd 

indicatea the disposition o~ the nuclei. 

The ccme cells form an entire mantle round the cone, 

separating one ommatidium oft from the r est - ac e ~1g.l7A. 

Laterally, at the sides of the c cne , they r re t ·ed.·ced. to 

a ve ry thin band, as in Fig. 18 And l;J i £" · 2U \. ~bove 

the cone the cells form the cap described above o 

/c cnv '"~ in1ng 
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containing the nuclei. 

In longitudinal sections the cells seem t o acparate 

from the cone around ita entire surface. I n t r . n.nverse 

sections, however, they are seen, in some caaeo at least, 

to surround the ~pper end vary closely as in Fie· 19 ~, 

while they are separated from it b~· a small space lower 

down, ne in Fig. 20 A, end again surround it clo :ely below 

this, ae in Figs. 20 B and 2C C :: In the regio._ nbove 

the cone, 'the boundaries between the four cone-secreting 

cells o.ve complete, as in P1g . 19B· In the p l't of the 

cells surrounding the cone, these are absent or 1nd1atinot, 

as in :Pigs. 19~ , 20 A, 20 B, 20 c. Below the cone the 

cells are contiguous but their boundaries remain, no in 

Fig. 21. The cone cells, after forming a mant10 above 

and around t he cones, meet below them and at t hcll'l own 

bases are 1n contact with the rhabdoms. The cone itself 

is therefore not in contact with the rhabdom, as it is in 

Lig1a and Philoac1a. At their lower ends the celle 

penetrate between the upper ends of the rhabdom-forming 

cells as in Pig. 17. In transverse sectiona t hroUgh 

tbe ret1nular nuclei the four cone cells can be oaen with 

their boundaries still distinct, pass1ne centrally between 

the five retinular cells, as in Fi g. 21. 

The cytoplasm of the cone cells t akes us pl,loma 

stains, nuch as Erythroein '1nd Light Green, more deeply 

/ than 
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than any otl1er part or the eye. Occasionally t'. o 

diagonally opposite cells take ~P the stain less deeply 

than the remaining two cells, ae in Fig. 20 c. This is, 

however, not a constant feature, and is never obocrved 

below the level or the cones. It is possibly ccnnocted 

with the Dtate of the secretory activity of the cella. 

No accessory cones are present as in Ligia. 

As t 1.e outside of the eye is ae the sur:f'-.cc of a 

sphere, end as the ommat1d1R converge radially t~J1rd the 

centre ~ this, there 1e a general tendency for the cells 

to be reduced in size as they poas inwards. I n .ccord-

ance with t'liS, the cone cells tnpe r towards their lower• 

ends.. 1ound the cones they ntt a in a maximum r~.cp·th of 

about 3Ct o.nd taper to their bases to obout 4;o , at the 

point at which they are in contact with their rh bdoces. 

The total length is about 90f • 

The cono. 

The cone cells secrete a solid, transparcLtl cone 

throughout their length. This is clearly divided into 

:four segments, each of which nrioea :trom one oi: the cells. 

The material of the cone ia a uniform secretion, ond. when 

unstained in highly refractive. It takes up nt· ins more 

readily than the cornea. With cytoplasmic stains, such 

as Light Green, Erythroain and Eosin, it staino ~bout ae 

deeply as the rhnbdom~ and with nuclear stains , ouoh as 

/IIaemr~ t oxylon 
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Haematoxylon and Bismark Brown, only slightly less 

deeply. 

Th cone is approximately cllipaoidal, the r.wjo~ 

axis be1nt.i ,1bout 50 t 1 the minor about 25f'. T1m 

symmetry o:r the ellipsoidal shape is not :perfect . The 

upper end is rounded and the lower tapers conaidm:-nbly. 

The chanee in size of the transverse section along the 

length of the cone can be seen 1n Figs. l9B, 20 B and c, 
with the seetione taken at approximately equal di 1tance~ 

apart and in order from above down. The diamctro of the 

cross section varies from about 6t to about 25~ . Below 

1t tapers to a blunt point. The division into ~our 

segments is regular and symr.etrical. The planco of 

division nl~c at right angles to one another, nnd nre 

parallel t 0 the long axis of' the eye with a CL ·: ..... tnnt 

orientatio 1 in the eye as a ,.hole. 

·The cone differs f~om those previously <lcocribed 

in that it is not in direct continuity with tl1c upper end 

or the rhabdom, while the cone cells do not ahriru: up 

round th~ U;;?per end or the cone, r.tE.; they do in .:·,1s 1o , but 

form an ex~cnaive sheath round their secretion. 

The retinulf!e· 

Below the corneal and cone cells, which, \lit· their 

respective secretions, form the dioptric parts ol the eye, 

are the aense or~tinal cella• with a rhabdom r lo~~ their 

/inner 
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These cells are five in number. They are 

all of' eq_ual ai-ae and, in acc0rdance with the uounl 

arrangement , taper t owards their lower ends - Bee Fig. 

Their_ total length is about 12Cf • 

each cell varies f'~om about 10~ at the top, ~o bout 3J· 

at the baac. ~ aee Figs. lG and 17· The upf'( }:' ends of 

these cellc, as haa been pointed cut, surround t1lc lower 

ends of t he cone cells. At its upJ.'er end, tlH! nlander 

stem of each retinal cell is enlarged to form one of the 

~ive calyx-like elements, which surround the cone cella. 

The cytopl asm of thie upper,.enlnrged pai't of t he retinal 

cell is somewhat vacuolated - see Fig. 17· The pigment 

granules , which are seat tered throughout the r r t innl 

cells 1 vary in distl"ibution, but , in animals k·;.ll~d in 

light, t hey generally appeur to be pnrticularly 

c oncentrated a long the outer m11reina of the cel.lll, at 

their ba~eo, ond along the edce c~ the rhabdom. The 

rest of t11c cytoplaom of the cells i s l eso cosl .. ~c lnd more 

o~ less uniform except for tne v cuolation alrc. dy 

describedt at the upper end. It ia notable th. t even 

the pigment granules of the retinulae de not t . ·!-o UlJ 

plasma ctulns as deeply ae the gr anular cytopl('~r: or the 

cone cells. 

The nuclei are small, dark, spherical, denrely 

granular s tructures, sometimes without a nucleoluo . 

/ .~ch 
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Roch ie 't.'·};."oundcd by a v acuole - see Firs • 17 nd 21. 

They occltt" r. t the upper enda of' the cells ubovc the level 

or the l'habdoms ... see Figs. 17 n.nd 21 . 

The eroup of retinal cells in each ommP·t.:i<lium 

remaine .t un approximately constant distance i'l"'OI.i1 the 

centres c~· the surrounding groups. The conve:t•cc~'lc e 1s 

effected w lnly by a reduction in the a1ze of the :!ella 

themselveo-towards their lowe~ ends- sec Figs . 22 ,. , Band c. 
The rhabdom. 

Tho retinular cells bear along their inner bordere ~e 

aense rodl o~ rhabdom, wh 1ch ,i5.:: - solid ond unif'crn through-

out their length . Altl10ugh the 1 .. habdom ia surl~ounded by 

f1ve equal retinula~ cell s, there is no indication ot. i ts 
separate 

origin rrom :f'ive s eparate rhabdomeres. If .._~habdomeres 

were originally present, they have ~used and nc longer 

maintain nn.v relation to the c.epnrate cells, nn they do in 

Ligia and ... ·:1ilcacia. The ~h~bdoms are square o~ 

trapezoid1l, occasionally pentagonal, but the 1 ~ter 

condition is not aa regular as one would sup~ooe, aoauming 

that the rhabdom wae originally made up of five utu1te. A 

similar anomaly has been observed in other species - see 

p. I 62 . The rhabdome extend from the base of the cone cells, 

below t he level or the retinular nuclei, to the oxt1'leme 

ends ot the retinal cella, just above the basencnt membrane. 

The structure of the rhabdom 1o very dif~erent to that of 

tis1a and Philoseia. Although the same fixatives were 

/used 



76. 

used, and embeddinp and etoinine methods were t!1e same, 

no striations could be seen in this case, the red appear­

ing as a solid etructureless cecr~tion. 
I 

T11c closely coalesced condition or the rh · 0dom is 

a somewha t ourprising one to be found in an eye otherwise 

primitive in many respects, euch as in the absence of 

aoeeesory pigment cells. The condition of the rh~bdom 

is that !ound in many of the hi~her Oru.atacea - sec p. \G:£r­

where the rest of the eye is of a hie_hcr grade Ol. 

development than that of Streptocephulue. It is ooat 

unlikely thnt the rhabdom in 3treptocephalus is a 

degenerate one. It appears that the eye in ·this c ase 

is peculiarly advanced both in the nature of the rhabdom 

and in th presence of a stalk. Since th~:, r tnbd.om 

exhibits no trace of nervous atx-ucture, it would "tppear 

in this case to be merely e skel etal and refr~ctive rod. 

This would be in accordance wit· Nowikoff's view or the 

rhabdom in Arthropods generally (Now1koff, 193! p,23 ). 

Accessory pigment cells. 

The ~ cceesory pigment cells, present in 'T 1 i n , 

are here bcent, while the rctin~ l cells do not protrude 

up row1d tl.~e greater part of the cones as in l ·hiloooia. 

The eye ie primitive in tbat the cones s re not surrounded 

by pigment. The eye is capable, therefore, of forming 

only a superposition image. It is possible pc.d1· ..10 
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that the very dense cytoplasm of' the cone cella to 

eome extent shields the eye f'rom excensive illuninr~tion. 

The basement membrane and nerve fibres • ............. ----..-..-....-.. 

Tlle ll'tinnl groups abut •:t the b oae of the <.ye on 

the bsamm.: nt membrane. As in the :previous c t _eo, this 

1e th1n1 non-nucleolated and structureleas and i c !!icl~ced 

by the nerve fibres from the retinal cells, witl" one o:t 

which each retinal cell is continuous as is s~cn in 

Figs. 16, 17· The nerve fibres from the retinal cella 

o'f one ormmt1d1um run together below the baser .. ent t:l~l'lbre.ne, 

before enterinr the optic ganglion in the eye ata1k. 
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c. f. 

o.hyp .. 
c. c. 
r. c.n. 
r.c. 
rllb. 
b.m. 
n.f. 

Figure I6. 

Spherical outer surface of the 
ey~. 

Oorneal faceta not lenticular, 
but of mor~ or less uniform 
thickness. 
Corneal hypode~ cells. 
Orystalline . cone. 
Retinal cell nucleus. 
Retinal cell. 
Rhabdom. 
Basement membrane. 
Ierve fibres continuous with 
the retiual cells and running 
to the optic ganglion. 



Mioroscopt· 

I6 mm objective. . 
X I6 holoscopio eyep1eoe. 
camera lucida drawing. 
4 ;- seotion •.. 

P~eparation. 

flsatgon : Aloohol1o . p1oro~chloro-aoetid aoid -as houra. 
imbed lng : fhrough Xylol in 56 - ~r.eea melt~ng 

point· wu. -
Sta1n;ng : Dep.igmenied 1u· Grenao~er•s fl~id. 

Heidenhain•s iron alum ba.ematQxylon. 
Alcobolio light green. 

Kounttns : Through Xylol in Xylol.. Salaam. 

0 s 10 f 
......__......____. ToOm:n 



[igure 17, 

c , f . Corneal facet . 
c.f. I. Outer 1ayer of the cornea. 
cr.a f . a. Inner layer of the cornea. 
o.hyp. Corneal hypoderm oell. 
c.hyp. c . n. corneal hypoderm cell nucleus. 
o. c . c . Cr yst alline cone cell cap over 

the upper surf ace of the cone. 
c. c . n. Oone cell nucleus. 
c . c . m. Slender par ts of the cone cella 

surrounding the cone. 
c. c. Crystalline cone. 
c. o. b. o. Oone~ cells below the cones. 
c . c . c . r . Oone cells in contact with t he 

upper surface of the rhabdom. 
r . c . u. pp. upper part of the retinal cells 

surr ounding the lower parts 
of the cone cells. 

r . c . v. V~olated upper ends of the 
retinal cells. 

r . o. n . Retinal cell nucleus surrounded 
by a vacuole • 

r . c. p. g. Reti nal cell pigoent granUles. 
Rhabdom. 

b . m. Baement membrane. 
n. t . r . c . Continuation of the retinal cells ;,;to 

nerve f i brea. 
n. f. !lerve fibre . 



three of the ommatidia 
us . 

llicroscopy. 

4mm apochromatic objective. 
X 14 holoscopic eyepiece. 
oamara luoida U.rrwin~. · 
3 jt-seotion. 

Preparation. 
fixa\ion : X). Picric acid in 96 % alcohol- 23 hours. 
~•bedding : through Xylol in 56 deqreea• melpting 

po1n'\ wax. 
St a1 Ili.ng : Depigmented ~n Grene.oher' e fluid. 

He1denba1n•s iron alum haematoxylon 
Bordeaux Red. 

Mounting : Through Xylol tn Xylol-Balsam. 
I 



c. c. 
c. c . c. X. 

c.c.n. 

c.f . 
c.c.c. 2, 

c.c.c.3. 

c. hyp. 

c:.hyp.n. 

c.hyp.b. 

sp. 

Fihure IB. 

c~rstalline cone. 
ll1pper part of the cone cells 
above the cone with the cytoplasm 
slightly less dense than below 
the cone. 
Cone cell nucleus in the cap 
of the cytoplasm above the cone. 
Corneal facet. 
Slender pa,l't of cone cell round 
the cone. 
Deeply st~l..ining coarsely 
~ranular cytoplasm below the cone. 
Corneal hypoderm cell separated 
from that on the other aid~ 
of the ommatidium. 
Corneal hypoderm cell nucleus, 
larger than the cone cell nucleus. 
Corneal hypoder~ cell boundary 
dividing it f¢om the cone cell. 
Space epparant i~ lmngitudinal 
£Jeotions separat'ing the cone 
from the cone cells. 



Figure IS. · 

~ongi tudinal section of the outer part a of the .. 
ommatidium in S\re~tooeiM,lus. A shows the cone 
and cent~ oclls. · inc tides 111 tii · these the co :neal 
btpoderm cel~s and oorneq. .. ... -

lficrosco;ez. 

2mm oil immersion lena. 
X Iey bolosoopio eyepiece. 
Oamesaluo1d& dra~int. 
2 )veeotion • . 

Preparation. 

Fixat1In : Aloobolic picro-Ohloro-aoetic acid.-23 
Embedd ng: Through Xylol in 58 degrees ·• m~lting 

po1.nt wax. 
Staining : Dep1gmented .1n Grenacher•s .fluid. 

Heid.anbain-ts .. 1ron alum' baema.toxylon1 
L1f:h' green. 

llormting : Through XYlol in Xylol-Ba.lsq. 

.J_ 

0.!:,------.J--~-----:!3 1"'""" 

hours. 



c.o.o. 
c.~ . n. 

c.c.b . I. 

c . ~ . t . 

c . <J.b. 

Figure I9. 

Oone cell cytoplasm. 
Cone cell nucleus. 
Boundaries bet" een the 4 cone 
secreting cells above the cone. 
~ection of the top ends of the 
oone segments surrounded by the 
cone cells. 
Indications of the cone cell 
boundar~es which seem to diaappear 
to a large extent in this region. 



liiorosoopy. 

~mm oil 1mmereion objective. 
X :u-.. Holosoopic eyepiece. 
Oame:ra l l;c1da. drawing. 
3,(t aeot1on. 

Ptepa:ra.tiQn 

Fixation • Souin•e fixat .. ve- 24 ~ura. " Ea'Dead:~ng ; Through Xylol in 68 degrees• 
point wax. 

Stain1Pig : Depigmented in Grenaoher'a 
Haemalum. 

melting 

fluid. 

Acid fuaob1n and Orange G. 
Hountins • Through Xylol in Xylol-Balsam. • 



c. c. 
c.o. o. 

Figure 20. 

Four crystalline cone segments. 
Cytoplasm of tbe cone cells. 
In A this forms a thick continuous 

ring separated from the 
cone by a small space. 

In E this forma a thicker uniform 
ring immediately round ·che 
cone with no cell boundaries 
apparent. 

In 0 the cytoplasm of diagonally 
opposite cella is differentiated. 



Fii@:re zo. 
I 

Three transverse sections throu~h the eye of Streptooephalua 
~brough tlie con•- cells. A, B, and 0 are taken in ordel' 
inwards. 

lliorosoopy ... 

2am o11 immersion objeotiue. 
X I4 HoloacQpic eyepiece. 
·Cameru luoida drawing. 
3 f't- section. 

Fixation 
·:Embedding 

saa1ning. 

Mounting 

: Sea~water B~uin fixative - 23 hours. 
: Through Xylol in 58 degrees • meltibg point 

wax. 
: Depigmented . in Gre:taoher• s solution~ 

He1denba1n 1 s iron alum· baema~oxjlon. 
Light gree.1. 

: Through Xylol in Xylol- Balsam. 



r.c.n. 
r.c.n.v. 

c . c.o. 

Figure 2I 

Retinal cell w-th boundaries 
indistinct. 
Retinal cell nucleus. 
Vacuole surrounding the retinal 
cell nucleus. 
Large pigment granules of the retinal 
cell .. 
Finely granular and slightly 
vacuolated retinal cell cytoplasm. 
Coarsely granular and deeply 
staining cytoplasm of the cone 
cells , penetrating at their lower 
end be~ween the continuations of 
the retinal cells above the rhabdom. 



Fig_ure 21. 

1ranaverse sect1an thro~h the eye of streptooerhalus 
through the retinula.r ce ls at the l evel of the r 
nuclei, where they surroUild the · l:,ower end of the 
cone cells. 

Jliorosoopy. 

2mn oil immersion objective. 
X I4 holoecopio eyepiece. 
camera luoida d~awing. 
3f- section. 

Preparation. 

Fixation 
iiii'bedffing 

~ta:'..ning 

•.ounting 

: I~ Picric acid 1n 9~ aloobol - 23 hours. 
: Through Xylol in 58 degrees• melting point 

wax. 
: Depigmented in Grenacher• a fluid. 

Beidebba1n1 s 1ron alum haematoxylon. 
Bordeaux Red. 

: Through Xylol in Xylol-Balsam. 

/ 



r . c . 

r . o.b. 

rhb. 

r.c . p.g. 

:r . 0 . 6. 
ep. 

Figure 22. 

One of the five retinular cells 
of each ommatidium. 
Distinct boundaries between the 
retinular cells. 
Diamond or square-shaped 
solid rhabdom. 
Large pigment granules in the 
retinal cells. 
Retinal cell cytoplasm. 
Space between the retinal cell 
groups of the different ommatidia 
which decrease towards the bane 
of the eye where the ommatidia 
converge. ( A8 can be seen the 
retinal oells decrease in size 
to~ards the base of the eye 
to facilitate this convergence}. 



figure aa. 
Transverse seut1ons Tbrou5h·the ele of Streptooephalus 
in the region of the retinular·ce ls ~o · show the • 
arransement of tnese cells and ·the degree of 
atp)!oximation o? the ommatidia • A, B, and 0 are · 
a euocessiveiy deeper levels within a s1ng1e eye. 

HioaJeoopy. 

2mm oil immersion objeotive. 
X 14 boloscopio eyepiece. 
Oame~a lucid& drawing. 
3 ;t section. 

Preparation • 
. I 

J'ixation 
E ibedding 

Staining 

Uounting 

: Alcoholic Pioro-cbloro-aoetic a~id - 23 hours. 
: Through Xylol in 58 dagr.eas·• melting point 

wax. 
: Oepigmented 1n qenach~r•s fluid. · 
He1denba1n~& iron a l um· haeaatoxylon. 
Alcoholic light green. 

: Thrnuth XYlol in Xylol-Balsam. 
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Bot~ eyes a- c sessile and ic..toveablc , ~nd differer.cce nr·e 

likely to be . ue to degeneration in :i.·hilosciri:, .and not to 

79. 

env1ronmantal adaptations . Furth .... r, compar•iecn of either 

ot these eyes, with the typical and pr1~1t1ve ror_~, ns outlined 

below, indicates that neither posBesses any highly nbcrrant 

:features which would be likely to 1ntl"Oduce miel ,.c1:n...; complica-

'tiona . ( The accessory cone in Ligin, rorsult s clv rly .from 

a secondary d i via ion, and thou.t;h it lioeo not I'eprc ... c.1t tho 

normal eye otructure, it ia cleorly not e :fund~ent l 

modification of the eye.) Alt hcugh the eyes · e · i del y 

enouah seporated to indicate the type of chanrea :, 1 ch accom­

pany degeneration of the compound eye, neither i G an ~xtreme 

type - L1s1n 1e not highly elaborrted, nor is Philo~ciR s o fnr 

degenerate, that ita atructure cnnno~ be re dily 

thnt of a typical compound eye. 

-., red w1th 

Externally a difference in e :tze And num'iJe- r o:..~ the units 

1s apparent . In Lieia there are 5(.(; - 60c unite : in 

r hilosciB l, • The tendency to ae":mrntion of t'1c lenses and 

increasing oize and complexity 0.1. each o1ngle ler~, aa the eye 

units beco ... te smaller in numbe.1.· nnd more "ocella.ru ln type, is 

clearly shown. Thus in Lig!a the eye surface 1 . "' ·.rly 

convex with reference t o the ccneral eurrace .r ti c ~oay, while 

the crowded ommatidi al facets form a emoctll ourf ,.e o'E the same 

thickness ao the body cuticle ( nbout ~'t with e e: lena 

eoncavo-convex with the convexity extcrn...ql and little cif:ference 

between central ~nd peripheral depth.) In i'hiloscin the 

/tot ~l convexity 
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ot the eye ia lese marked as the ommatidia oepBrl to 1md the 

eye flattens out, wbile the individual lenses a1•e more clearly 

separrted nd more highly oonvex , ·oeing thicker t:'"'·•n the body 

cuticle (lO ft., to 20/v as compared with 5 f ) o.nd loreer 

centrallY thnn peripherally. In \!eio tbe lensee re 

tmi.form 1n size througbout the eye r nd nre eontir:uou.o, 

symmetrical, equilateral hexncono, while in 1 hiloQ_cL the 

arrangement 10 much looser, fithout the 1' gultA.'· 1cx ·ronal 
' 

patt~rn r1. :ne rrorn the crowding c~ the unitu . ~, . e unite, too, 

are leas I' C\ll~:~r than in. Lie.i_, being amalle ~· to< PdB the edges 

of the eye, vhich presumably lnlicrtea thnt the lc .. s c ... units 

like their growth (see Peabody,l939. PP•530-531) iO }C~·~pheral. 

Thus the 1 rger numbe r of ommntidiu and gr a te.· · i:,c nd 

convexity o'C t. e eye in L1gia gives rise, on de cnet' tion, to 

a condition in wh i·ch the numb· r o~ un1 t ia s c.1al J ..;.~ ' nd the 

size and convexity of' each lens ereute1 ... 

Corneal hypoderm• 

There seems to be nothing of particular s1gn1:.:'ionnce 

in e1 ther the s1milari ties or the emall dif:f'e'rer.,~ec in thcoe 

cella. A.lthoug' the lenses of I hilosc1 are ~ati~c1• ''ocellRr" 

in type and re very enlarged, the hyr)oc\errn secrctiUJ.~ th m 

reta ins th~ cha~acteor of the cot~."ound eye l ayer. IJ'I'' .... 1e cells in 

the two types are very aimilnr, being two in nu-b 1~, 1n the 

same position, be1ow the fRcet ~nd Pbove the cone, ; ith a 

decrease 111 ... 1ze in the adult , consc .uent upon . c1•_ oe in 

their wn ... ·uaotton end an incr· aae in the s i ze o .• : the cone 

below. They are centrally di~plnced in ~ir:L I t l ensie, 

/see ~. 3 5 , l aterally 



see p. 3 3 , l terally 1n L• oceanica 
8I. 

( lie itt, 19 7, .... 2c, ) 

disaimil r, b~~ lithtly coar ~r in L1cin. I, . both th 

boundaries 

similar. 

acmewbat in41 tinct and tbc nucl 1 ··c ver¥ 

Tho onl3' dU'f renee e .ems to lie in tl c t:Natcn· 

reduct ton of the cytopla m end tb~ lowe:r level r f' t~ . nuclei 

relative to tb eone celle tn ~hlloscia, bich io eona quence 

of the greate~ development of the lens. 

Cone cello • ....................................... _ 
In c eb case the eone e ells a1·e t o in nur -)c r, lyin£ 

betYeen the cone n4 the co:rn t l hy o e:rot, 1 th t .1.:• u _ e1$ t:rur~ace 

£used with tb~ bypode~, · 1th t~e t ·o cello ~usc bove, 1tb 

their lntc_ 1 'ell uiotinct. 

dissi~il r.r. The nnin d1ff r~nco lies in the d n rd exten-

&ion o'£ the celle . In Li&i;! they t•ox·m u thin c p d a mantle 

round the c<me >which extend8 down the con _prop · _ or about one 
'ro -~~ ~ !1:: vel 

halt ~ 1t:o epth - about 1.5/'r-!'he.·c it le in coz ct 1th the 

l.ower part :;:f the cone - the eeea· cry ccno. In 

tb~ Bhrinkneo is le~a marked, th. cell extcndt'1c- ... # the base 

of the cone, nt the upper level or the rhrbd - cpth of 

about 55 f1- • The d1t'tt?rence 10 qui .. e .. rob bly not ccnaequence 

of degcn r tion 1n Philoacia but due retll r to ti ct t 9t the 

cone cell bcve undergone n epeetnl1sod reauction in Mieta, 

which 18 a reeiprocsl conseque11ee l' the el ... bor t ·.on ot the c~'nc 

structure. 

/The eonea 
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The cones di f r er conoiderab~ in sh pe anu cize. 

They az·e much nore elaborat e :.md z•e ... r esumr b l y ad pt cd t o a 

more perfect vision in i i S ifl· In each ense th€ ~ ~e aolid, 

r f'ractive, t r .. nsparent seci•etions, chitinised r at he:a.· tlum 

··cr7stallin .. ·.nd not divided i nto t wo ·.arto , a.o one Ji[!'J t b e 

led t o expect f rom the f act tha t they are scc:r.·eted b.r two 

cells . I n each c so the cones are in contact i t h the rhab-

domes . I n k\sia the cones are t ranaY rsely div~ded i nto an 

u 1per sphere nna a l owor, cbalicc ~ shaped neeeaeo~ cone, whi le 

in Philos e ia t he;r re s i mpl y- ovoid . Co . .rtporison ot the 

condi t ion tn ~gia with that in other Crust acea - nee p . I 27~ 

indicates t hat the f ormotion o: n accessory con i G condor y 

and tha t 1 ts abeence in Phllonel tt ia ther·e.ror e r .. ot to be 

a ttributed t o degeneration. I :: ! .iE i a the cone ·1 a a maximum 

width ot bolt 25r nd t he c ~ne appar atus a tot 1 d pt h of 

about 45t · _) , /"· I n 1 hiloscj.!!_ t llc c orl•es pr·.ndinc- .... imcneions 

are 45f and 55;1(,• Thus t he cone, though .aitti 1 :r , ie much 

l arger on degeneration or t he (.;{e - a e ~.,ndit i on cv on to mos t 

or t he eye cl ements . 

Ret inal ccl1s. 

I n c .c " c a s e tbe t~etin~ 1 cel l e . l' sr1·anr .a · n sin_·le 

r ow with th~ir longitudinal ax¢f>l paral l e l t o th t · t he 

ommatidium. They are unif'orm i n s i ze Wld a l .. l~ nr tllrough-

out t he e ye nnd in number throughout the len t ll r;;: t~10 

ommatidi um. All the cells nre reduced s l iehtly to";Jnr·ds ·t h e 

b ase of t he eye , but there t s n ot nny t endency to crou ding out 

/ oi' one cell 
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o~ one cell, aueh os is found in many Crustacea . ( It is poasible, 

however, that the ccndition in Liei~ may be the rcsu .t cr a 

complete suppraosion of one cell- e~e p:. I49. - The 

lesser reduction in the size of the cella t oward::.. the bane or 
the eye 1n fhilosci,!_ is a conaet uence ct' the l tr:ne·,. c-ro ding 

o-r the omnntid.it\ in this region, · o a ruJul t of' the smollcr 

externo.l convexity cf the eye. 

The ' .. oat obvicua and t:Jifni:f'icant c.il':reren co b etween 

the eyes are those in the retin·.l cella. 

cells, Ligia siX. It is mo~·e 1- robable that thi.s ... L'!' ~·enc 

is due to the complete suppression o.r cne cell in ~};'ia than 

the develor>t'lt.nt of an additional cell in .L hilosw~ ' on deeener-

at ion. The condition in ~~h~i=l~o~s~ 1 a conse, urnce of the 

removal of those !"actors h ich nre re&_,ons ible _ o"• ·t 1e over-

crowding and reduction of the nu:nber of cella in _.~--1iti~! On 

the degenerntion o'£ the eye, the retinol cells 11-..cr nse in 

idth and decrease in length below the cone. 1\hus in Lisia 

the diamotre of one cell 1a about 7!'- tmd length .. )ont 50 !<-

In Pbiloscia the measurements are t bout 1 5rc-nnd 4( ,tt.. (below the 

cone). 

In Licia a fo.irly elabornte ni'raneement of rccesoory 

pigment cells separates the o~.1atidia and surrou: o the c cne and 

cone eells. In Philoscia these cella have dls a. - cnred and 

the light isclation of' the odj ac·ent cones is accc', liehed by 

an upward 1,..; t noion or thE" r•etina l cells . 

The retinal cella a .·e s i Mil r in the two Bl·eC ies in their 

/nuc lcn1~ "lnd 
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nuclear ruld cytoplasmic structure . Tbe nuclei h~vc numerous 

grnnulee of varying size, a darkly t aining wal l d. une or 

two nucleoli· ~heir position vnriea but iB ap l ~ly not 

aignir1cant, be inc Tnr1nble in licia ~atalensie, rc: irual 

in ~igia occnnicn, and distal in ~oecia. 

Rhabdomeros. 

The rhabdomerea in each case are eepcratc. In Lie;i 

although tbe rhabdomeres ave distinct and nrranted nr~und a 

· tfoU~hly , c:trcular axial cavity, they ' 're upproxir.1 ~ed otnd 
I 

c ntiguoua l aterally. Each 1 ocn.ewhat flatly l<HLicUlar in 

shape, so that they :rorm the 10 ··e c.r lees unit'ol"'. . lla of' a 

hollow cylinde1•· In 1--hiloscla, h r~v~r, they . r .o ·c complete­

ly sepaPated, enoh one f'ormint t n r- l mond sbaped otp·~cture 

considerably 1 rger thf:ln in L~rL , :_ :r;>cjectinp- on ne c.. ide into 

the cell n.:.. en the otner into an 1rregul 1r 1 cen~r 1 c•v1ty. 

On degene!' t ·on the rhabdome1·es 1· relat1 vely all .,. tened, so 

thnt they do not reach quite to the base"tent me .o1• 10 in 

Philo!£!! ao they do in Lisia. The structure bee eu more 

elaborate. In ~iS1~ the plateo tn·e Sitl!?lY oe .·pe .• ~.~,.;Ult r to 

the edge cJ.' the cell, while in 1. bilg~ thez•e c-

radiatin pl tos at various levels, perpen.J.icular t'J tl central , 

axial bar. Tbia degree or this clflbcra.tion ia pi'OIJt bly a 

mieleadine ~ide to the general course of degener tion in the 

e7e. It 1G unlikely that the rhabdom would be c .. cl~ borote in 

all cases. As a consequence o'f the ahorteneng o:C' the l'hab-

domerea in Phtloaeia, the cells ru.""l tor~tl1cr above the b asement 

/membrnne, 



as. 

meabrane ~ while in X.igia they meet ouly below tll~ 

embra.ne. where th .ii' nerve fibres rw1 tog~tller. 

Thus de"eneration has increased the width anu oomrle.ttity 

and deo;eased the length of the rhnbdomeres., :-e.ilovin ... 

thtua from tbe lower part o! their cells and preventin.; 

any tendency to ards their cooleac nee. 

f' f)ll en.'t......C.P..l...s. • 

'the ommrticl1,~ in .l.J·;.l.a nr~ 1sol~t~d , in the cona 

re,-~ion , by at.wesnory pigment cells of UJlCf~rtain 

nu."t<ber • ln Pbilaioia these cel.La have disa;;. eared 

and have been f-&notion~.lly replRced by llP'•a.rd e:'\t ·~nsions 

of· tne retinal cella. 

~~en.ltmt membrane. • 

'the structure o! the m~mbrane doGs not chnn~e . 

lt :r. m1~ins as n distinct 1 tbin , structurelecs 'boundo.r·yJ 

throu~t;·h " bi~h the retin~l ce t!s a:r~ c.-,ntinuoua ·~1 th th·~1-r 

nerve fibres . 

§w rtar!!, • 

"-e thf~ eyr~ de!l.en0rates an1i the nuHiter of its units 

decreases. th~ eye becomes flatter and the units less 

crowded, ao that their Uimex <!nd low13r ends becowe of 

more n~arly the same size th:m in 1-::ompound eyes,.. 

11he.re 'th0 ~!'fiiJlt oonvexi ty of th~ ~t~r surf )lee ~nd the 

lare~ <iio;>tric ::tr~a. imposes n orowdin" "nd a reduction 

in Bize on tlla inner eye elr~ments. l;ach corneal lP.ns 

increns.es in si~e and convexity and assumes ~ biconvex 

•ocellar ' form • The loss of ommhtid1n appears to be 

perir-heral. the outer ommat iclia show1nce signs of being 
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smeller than tho i :1:1er, hile the eye .rot.m aR a hole 

is not as resularly formed as 1r1 more complex types . 

.. ~o a1~n1f1ca.n·t change ooo11rro in tho h:vpod .rm cells . 

ThPrc in no tendency to r~duotion in the size of the. 

oone oella) so that both cone and cone oella remPin in 

cc1n tact with the upper ~ndB of the l'hPhdotner.·:~3 . 

The cones loae ~my tendency to oornpl~xi ty but incre&.se 

in ei~~ along both AAes • !£aoh of tll retinal ot:~l.l.s 

:r8rwlno J-ierfeo~, none b~inr crowded out Pud th nunber 

beint, th<1 mnxtmum for th.~ order ( except for r fe-w very 

~xcoption~l caB~s ) • Th~ ratinPl cells increase in 

·.1 dth p,.na decrease in len-rth b~lo tb:. c\mi3 • 'i th. the 

ciisappr~ara.naa of '-:111 Pddi tionnl l)i,;ru mt cell5:' , th~ 

retinn.l eel is F.~!'~~ prol<>niad up round th.:: con~ • 

'.:'h·~ rbabdomer$a 1n thr~ il el-\Cll.>;\ri1t~ ! ':f£3 a.re cornr,.l t:lt :ly 

c.ef.R.T.f?.t(!l, la.rJ.,e:r in si~e nnd mor~ ::-:leboN te .in st:ructur e} 

"hil!1 thc:y a.re ali,f;h~ly pushed up_ toJtards the 

u .j- er ond of the cell ao that the retittal oel:la co\ilescc 

~bove the membr~ne • 

--------



Pnired, lateral, ccrnpounJ eyes nr•c found l..o'l ~lle 

mnjority of 3dult Crustacea. They Pre E~cneral~~, 

unmistakably compound. in contrrmt to the s im_>le. : ulan, 

dorsal, npuplius eye. An except ten to th'i.tt j - ' . .md in 

SCI!rbe Copepctr, where the nauplius eye hno unde:.:•t ! ··_;-;n n 

lateral ni_ ltion, Bo thr-t :t.t rllfht appea:r> as n ·v ~:~r 

:reduced cc~_;ound eye~ In t ~1e typico.l · nc1 _1r lu.i ~ l'!C 

conditit.>tlB, the eye consists o:..' several hunrlr _ r~ 

end occUl.'O in this form 1.n ~rncti~~"ll~,r ~(l l cLt< ~ 

Cruataceo 1 living under a variety c:..' c~·nr.i tiom! 

as in Tri ".ob.l.tee nnd the primlt 1 ve Gruntt eeun ·-' 

the cambri _ bedn ( Hutchinson, 193C ,p.3). 

nunber a:r ot nnt idia is second:1ry u1d t:woocl r. teu · :::. t h 

cavern! colotm, burrowing, paros 1 tic 01~ deep scr r. l ta. 

A l!lrge literature hac been built U.? on this <.:U~ ..,-e c ~ . The 

condi ti onn ;.n deep sen forme ho"~·e bec:n .~c 1 t , . l b ,.;l 

Hickson (189h, :PP· 6'"'-73) • In i! enc r ol [' d c r- er ~ -_.. + J .. i'!'! of' 

the dio~tric nnd visuP.l structurt c 1::: ccr1 al;· t<""l · .:.th a 

decrenGe if!. the numbf.r af' 01 ."".ti1 is. Thuo tl · :1 bdom 

is lost in the derenerete e~~ea cf many '.c nth€' :~ 

( Weloh ~nt' , . .11ase, 193~· pp. :.,7-7,t!-), -.~ldle the :1.: .. ~t is 

(1912, PP• 588-617) nnd Verrier (194G, pp .l4Cl-l~ ~,. ~1cl &l~e 

/co~cn 



in Amphipodo (Grimm, 1880, p. 85)t especially in 88. 

Gammaridae (Vejdovsky, 1905, pp.l-4C, 1909, pp. 227-245), 

{Sexton 19.33, PP• 35)-3,58), ( .lolsky, l934t PP· 0~5,670). 

Similar .t-eductions have been described in Isopo<. , '.JJ 

Eggert (1927, PP• 33-41), Yehely (1927,pp.81-83) nd 

Lattin (1939, PP• 417-468). 

T.VP1cally and primitively the eyes are pairod. 

This may be complicated by the coalescence of t 'o oyos in 

the midline as in Conchostraca and Cladocera, aa ell aa 

in Cumacea. In the latter ease, however, the eyeo nre 

distinct in the embryo and in the adults of the ccnue 

Nannastacus (Calman, 1909, p.184). A similar ctnditicn 

is :round in .nmphipods ( Oed1etcrc:t idae), · .here tLc coalesced 

eyes are b c.-rne on a median lobo. 

noth~r elaboration 1a an occasional division of 

the e~e into t wo parts . The ommo.tidia arc dif1'c1~c.1tly 

formed in respect of their re~ractive ~edia or ln the 

distribution of the pigment , and are ndapted to vl~ ion 

under dif1 ( ,.·ent e r..;ndit ions ot illuminati on. Oucil di vis-

ions ot t he eye have been deoertbed in mnny l~uph, uaiaoea 

of the family Nematoseelinae by Chun (1896, p). 191-262), 

and by Harmer and Shipley (1909, PP·l50- 151); in. tho 

Dathypelagic Mysidacea by Tatersall (1929t pp.l8~-l99); 

among the .Amph1pods in some H)'per1ida.a and Ampel:.peidne 

(Svenson, 1933, p.l) ae well as in Tiron and SyngpJ~ among 

the Gammariaae, {Lang, 189l t P•)51), (Calman, l9~J ,pp.236-

/237) . 



-237) ,Double eyes similar to these also occur in 

Insects-.:.. - · .. .. Both the coalescence and tho 

division of the eyes are elearl y.secondary. 

89. 

The. curvature of the eye with r eference to that 

of the surrounding bod,. sur:fo.ce varies cone idero.bly in 

accordance v1th the mode or life. In the higher Jrustacea 

... Malaeostruca - the eye is tYIJicnlJ.y ~· nd primi · i ;ely 

borne on r ... novable at alk1 o£ -.!hich tl1e eye surfecc itself 

:forms the convex t ermination. This condition ~· evaila 

in Leptoatraca; in most Ana.spiuacea (for cxamvlc in 

Anas:J21dee, although net 1n Xoonunea, whc1•e tbe e.roo nre 

small and seasile); in Euphausiacea, in Dccapodc ru1d 

Stomatopodc - that is, in pr actically all membePn of' 

the di~is!ono Phyllocarida, Jyncarida and Hoplocnrida of 

the aub~claas Malacostraca. In the fourth division, or 

Peraoarida, although the eye is frequently sessile , it 

was probably derived from a stalked form. Thio io 

indicated by the ~resence of pedunculate eyes in sooo 

Mys1daoea, as well as by the persistence of a s talk in 

Tanaidacea, which, though unjointed and immovable, is 

clearly marked oft .:from the surface of the head ·by a 

groove. The eyes of moat of the remaining menboro of 

the division are sessile and vr.ry :rrom a prnctic lly 

flat to n h1ci·ly convex J:'orr.1, with the degr ee of' convexity 

depending on the usefulness c: t he eye and on t he number 

of the ommatidia. The oculi!'erouo lobes , which c ... ~cur in 

Cumacea and in Oedicterotidae among the .Amphi pot:s, ·.:here 

/the cyco 



are coalesced, are unjointed and immovable and arc 

clearly eeoondarily formed bend lobes . The same n_peara 

to be the oase for the eye s talks in Asel lota ~cne the 

Isopoda, where the lobes are simple projections .~ the 
n 

bead aur:f'o.oo. ~n \gelf i e llidae mon£ the Araphi~iO-.!S eye 

lob~s aJ.~t. prC'eent (although the eyes are deficient) end 

are defined "by suture linea from tho head regicn. Calman 

pointe out that it ie possible that these mny l'e· re;.;ent 

the eye lobes of Tanaidacea and the ocular pedtmcleo of 
q 

the more pr1m1 t 1 ve Mal,_ cos traca, thoU£h tbe great u .. ocial-

9o . 

isation cr the Ingolfiellidae in otber r~apecte io against 

this view (Onlman, 1909, p.236). 

Thua in tbe J-Jalacoatraca the pl"esence of' t :~ovable 

~talk i s both primitive and typical. In Pcracarida 

the stalk may d1sa.~.jpear completely, pera1at a.o a rudioent , 

or be replaced by a secondary, unjointed, 1mmov~hJ.c, oculif'eroue 

lobe. 

Among the low~r Crustacea the position ''ith regard 

to the atnlked or sessile nature cf the eyes ia net nearly 

so clear. It is only in the Anostracaemcng the Dr nchiopodS 

thnt a atnlk ie present, and this is ~unjointed , both in 

the.modern 'orms and in the eqrliest fossil rcQ inn of the 

order - tb t ie, in Opaban.!.U£., as de&cribed by I:utchinaon 

t'rom. the mh.dle Cambrian (1930, 'P•3). The eyea o~ the 

remaining Branchiopods are sessile - thnt is of Li~ostraca 

(1~ eyes occur in this case) Conchostraca, Cladccore and 

/Notcotr ca 
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Notostraea (both in the modern fo~1s and in the rocsil 

Protoosr1e described by Hutchinson :from the low r Ct,':'lbrien 

beds (1930, P•3) • 

The eondition of the eye in C·::-nel1ostrac , 

Notoatraoa ( Parker, 1891, p . 5I ) nnd Cladocern (.Jl me 

18719; PP• 7.;-80) throws little lirht on ita prl 1itlve 

nature. In theoe there is ~ c r ndunl growth of the hypo­

derm over the eye, ao that the eye oinks in nnd io 

protected, ithin an optic pocket. · Thnt this io oecond­

ary, and not a prot'ound modificaticn Gf' tlle eye, 1.lJ clear 

.from the o riea in Notostracn,Conchostraca and Gl dccera, 

where, with ' be gradual elaborat ion of the .fold, t·le eye 

becomes movable wit hin the per.fect, cloaed socket in 

Cladocera. Thus, although the eye is otalked only in 

Anostraca; the condition in the remaining Branclliopod groups 

suggests that the eye was probably primitively ncv 'Jle and 

in Notostrnca, Cladocera , Ooncbost:raca and Bra.nc1:iurn 

(Herter, 1928, p . l tlg et . seq. ) hae eunk in secon( Pily :·'or 

protection. The po er of novement, f ound in Dome members 

of these ord<'rs, suggests that the eyes may ho.V< ~Jec~n 

de~ived from a primitivel y stnlked type, with tiHl power 

of movement retained or regained in oQne of the ~c ~cend-

ante . I f this is so, the moot ;?rlr.litive crustae\; -.. 1 eye 

wae atnlkcd. It r 1 mains possible, however, thot the most 

primitive Crustacean eye resembl ed thet of the Trilobites 

and Protocnris in the absence of a stalk, while i."tc stalk 
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in Anostraea was developed later. 
$:3 . 

Among the remaining sub-classes cr the lv~ r 

crustacea, there is little to indicate the primitive 

condition of the eye. In Cirripedee and ~'uccpepodo the 

lateral compound eyes are absent, althoueh cl . ~ly 

observed in t lle larva of the Oirri:pedes , here tl,c•-:7' Bre 

eeasile. C'::-obben (1891, P·243) considered t.hnt vhcy could 

be seen aa aesaile vestiges in The development c~ :b~1e 

Eucopepod- ~lanus. /In l0\7f'r Crustacea the prioitive 

form cannot be decided on the distribution alone. The 

eye in the . rorms is typically sessile, though ~rc ~ently 

movable. Ita cond1 ticn mBY be eo.Jplic?ted on the )nc 

hand by the development of &n unjointed stalk, r:. , on the 

other by a sinking in of the eye to beco ... 1e enclo: cd in 

an optic pocket. 

In the past there has been considerable co~troveray 

as to whether the stalk is an nppendaee or a mofified lobe 

of the head, or whether it is an appendage in come 

Crustacea and a modified be~d-lobe in others. Thnt 

the stalk represents an ap~ndare waa f'ire t eucc:cntcd by 

M1lne-Edwards (1864, P• 'lC) in whe caee of Pal·~ur~ 

pencillatuc, •ince a specimen wno f'cund ) in whict the eye 

stalk wno , l>o.:cnt but its plnce trl:cn by an antenn:.1-like 

appendage. Howes {1887, p.4G8) i'i gured tl1e sa 'C S::>ecimen. 

Herbst (189~; pp .. 546-547) sho-.;ed that the oame llctero­

morphie regeneration could be obtained cxperimer .. lly in 
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organ, regenerat ed and i nnervatec1 t he senccry h irs of 

the new antenna-like s tructure. lie r•bst t'oun~ ( lr:;r ,p . 551) 

that in Asta~us the regenerated structure varied in 

complexity. The type most f r equently found r co tbl cd a 

t'irst ante .. "!. ·~ , t"'ather than a s ec end. Subsequently r:; i milal' 

regenerat ions have be en deecribecl by J~rioln (19Llt. , pp.248-

252) ~ in Palinurue vulgaris~ by ~~let.:y (l90G p . 527 ) 1n 

Pelucidua tvtt~, a blind fJrrnJ ty St el ( 1907, p_ . 2h<: -243). 

in Cambaru virilis and ~ ~ e1lU£J by G1~nv~ ht (1910 P ·33) 

tn a Stom'" t o wd; by lolsky, ( 1931., P}.<tl'--?'..2) : i n ~tacus 

leptodactylH! nnd by Yosa1 ( 1.931, PP·445-447) in ·.linurua 

Japonicus. It will be noticed that, aa f ar as is known, 

such regener tiona occur only in Decapods n d '> t as topods . 

The authora entioned have made ver.y varied attc~pta to 

bomolog1se the individual segments or the reeener ted 

structure with the joints of th e Crustacean liub. The 

products of r egeneration appear to var.y gr eatly, bot h in 

~be1r structure and in the i nt r pretatione whtch they have 

received. 

Prom tbia evidence it was nt t'irst eener lly cccpt ed 

that the rcrrcneraticn vtaa due t o nn atav ·atic t cnacncy and 

that the cGotors of the se r. r ms must he\e h nd third 

pail' of ant ennae, similar to t he f irst, i n the 1 cc 

occupied by the eye stalks, aa an appendage of t ho 1' 1r Gt 

hea d segment . 
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The question of whether the eye otnlk ie appendicular 

or not is cf considerable interest, net only fro 1 the point 

of view of the anatomy of the eye in Crustacea and t ~ its 

-primitive or adaptive signi:!'icance within thia cl" ·'D.? but 

also from tho point ot View cf the homclOE!Y cf Crt. ... tncean 

with othe ,l.1thropod eyes. In this cGnnect1.on lt hos 

frequent ly -)een stressed, :fo1~ cxnrnple by Sedgw1 eJ· ( 19Ui~, . 

pp.349-35C), that, if the Cr~~tncean eye represents ~a 

modif"ied appendage of the fiztet segment or the llc - .du~ the 

homol087 b tween this and other rthropod eyes i 'll.1Set . 

In other rtl1ropode there ts ecme inc...icn.tion or )..;~10 occurr-

ence or n --~ stalk in teratologica l regenm'" tions in . 

Insects (slLiilar to those in Cruatncea). (,Jc-<. Jockayne, 

1924, PP• 207-216 and Cavillee, 1.942, P• 497). Tll ··e is 

nothing to suggest that the eyes or other Artbro_o s 

represent modified limbe . Moreover tha preant~nn 1 seg­

ment, to wbieh the eye stalk of Crustacea, if n~pondicular, 

must be nas1gned1 sometimes bears a veetigeal o~Jnndnge, to 

wh ieh the eye is unrelated. The appendrP.e ia Pa i d to be 

present in the embry-o of the G tiC"k insect, in nor.:c !Iymenop­

terous embryos and in the 1 'lrva of Cirripedee ( • lthoueh 

these structures are not well def ined ppend11geP ~ , ·bile 

similar lobes are present in the embryo of 3colq)2--;ndra 

ci!l£ulatn (!.:eymons, 1901), ul1ere they oeem to be : cncrally 

accepted ns preantennal appenda~ea. '.rhuo . if ~he 

Crustacean eye-stalk is to bo reearded as an ap;_J :1<1·.[ e 

the eye can.."l.ct be homologised wi tb thnt of other Arthropods, 
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unless cne assumes that in Crust qcea the e.ye hae b~.n 

secondarily tranarerred to an a_pendor.e, which iP other 

Arthropods io either comJ;>lctely lost .:- r ere ista ~.nly as 

an evaneocont, embryonic rudioent. 

It . CI!l'liM to be decided, wheth(. r the evidC'1.COS of 

anatomy ond embryology, or theoretical considerctions of the 

homology of regenerated structures, can fix the cr··'1dit 1on 

of the eyo in the most primitive lower Cruetacc or decide 

the nnture or the stalk, as an appendage or n he a. lobe , 

both in t hn lo er Crustacea ond in the Malaeostr.ca. 

Fror1 distribution of the eye-otalk types it )pears 

that the ,- .. -·-· stalk is primitive in the llal ... coatrnca. 

In this sub-class the anatomy of the stalk 1ts~lf ,resents 

eoneidernble ,-ariations. Thus it may pers ist ''f11cre the 

eye is lost or reduced to a ver.r SQnll apical or lateral 

vestige, as in som0 Leptostrnco, r it may be v rtoualy 

elaborated, even in some oases where the eye 10 abG(•nt, to 

form a cup, finger-like, leaf-like , or spiniforn otructure 

or may even assume the rorm of tronev rae plates. 

Numerous cxr ~:plea of such mo4ificationa nrc eiv l::il3 Calman 

( 1909, pp. 1.15, 172-173}. Thecc v nl' i <t t ions do n'-'..: , however 

indicate . 11'(\th~r the stalks nre appendicular , or , hcr' d 

lobe. Though the jointed nnture or the stalk l~ndc it an 

appendicular appearance , this might equnlly well oc •:tttrib­

uted to t he eeconda~ segmentation of a hc od lob e . 

Amon[ the lo 'I t r Crustacea, v;herc the stalk ic 
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represented only in the unjointed f'orm of Anoatraca, 

there is no anatomical justif'icaticn i'or· rer'1rdl;,.e this 

as an append.aee. It the eye s .nlks wc .. : e primitively 

appendicul• l"' it is di!'ficul t to see why they ehc .:.d be 

most f'ully developed and most distinctly ert1cul. ted, not 

in the moat primitive Cruatncea, but in the moct highly 

developed of the Decapod a. Among the vrimi t i ve -:: r 1G, more­

over, a atc.lk is l a cking, not only in the Trilol.1 1.t-:c, which 

must have been related to the earliest of the r.10dcrn 

CrustacaLn Xorms, but also 1n the lowest Crustr.c c ~ ~osaila 

(Hutchinson, 1930, P•3) as well aa in mHny of the nodern 

lower Crustacea, while the stalk in Anoetrocn is _robably 

not an a)!)endage but a head lobe, similar to that in some 

spiders and in Diopeidae among Insects. On tbc ~rounds of 

anatomy and distribution, it seemo juet possille thnt an 

oculiferoua lobe in Anoatraca mry have been repl:c~d by a 

revived appendage in ~he Halr costrf)Ca. 

The embryological evidence pointo to a r el tively 

late origin of the s talk ir.. p11y1oeeny t 'but dec[~ n t conclus­

ively ind~ ca tc the type of t1'c :>Pini t l.ve eye. Tllus in 

Branchu.pus ·::~te eyes 1 as well ne the appendGgee 1 a.l~e well 

different! ted bE-fore the eye-.sto.lk e:pp.-)urs. Thio is aleo 

the cuae 1n some Decepod l nrvaet as in 1~upa,eurun - see 

q alman ( 1909, p. 302, l'i£. 179) • 1'11e 1~. ;~ e or 1[ 1:1 oi: the 

stalk in ontt~£eny may indicate eith: I' th:-t it ia u lnte 

revival of~ a vr1rnit1ve ap1J€·nc .... :·o, on to ";'·htch the <.;ye ia 
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secondarily transferred, or that it is the result f a 

gradual elaboration of' an abstrieted, lateral reci-:-n of the 

head, which has no appendicular significance. 

For the higher Crustacea, the evidence nff.rded by 

the regoneration of an ante~~n in place of an eyc- c t alk may 

possibl7 indicate its appendicular nnturc. No cuch case 

has been found in the lower Cxustacea. This cvi( c~1co does 

not, however, rest on very reliable theoretical ;""rounds. 

It is quite possible that this is not a tr1ly 

"homGetie" regeneration '\iue to the nssumption b:· on~ 

member ot n nerietic s eries of tlle .2or rJ and chn~ actera 

proper to J'lcther" - ( Bee Bateeon' r: definition c.~ ·.rc.ooesie 

- 1894, p . 85 ). Numerous exao_lee o£ simil ar r~cenera­

tions, in \thich the regenernted member assumed t ll 

character of a part not strictly hcmologous with it, nre 

given by B~tcson. Thue the eye otolk m1ght well be ~er ly 

n lobe of tto head, not originally a limb, whicl~ 1HHi 

assumed t he character of a limb in ~egeneration- This 

View is f'urther supported by the 'f t ct thnt on [<..t~Cl,nl 

theoretic~ grounds it has been v~ry r enerally e~ )Osed, 

nnd p~rticulnrly pointed out by organ (1901, p . 215) and 

Horgu1is (1910, PP• 101, 106~ that it 1s not justifiable 

to attribute the structure o~ a sporadic regener ~tton to 

atavistic tendencies, or to regard it as or v~luc in 

deciding h omologies and 1nter~ret1ng relationahi,a . 

~~ther doubt baa been ca~t on the valla ty cf 

the regeneration evidence ~or the appendicular n t urc of the 

I eye-stall: 
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eye-stalk b ;.r Steel (1907, P • 23C) who points cut ta t the 

tn>e of regeneration \thich occurs is dependent Ol: t he 

:px•esenee of part or whole of the optic ganglion. ' lith 

most of the ganglion intact an eye is ~egenerated; 11th 

little rema1n1Il$ rut appendage i o f'or·r1ed; when the g c:nglion 

is removed, there is no regeneration. There io >Jr!>aumably 

a tendency on the part of the nervous tissues t ( ~oi~ new 

end-organs, once the original organa hcve been x-e oved. On 

removal cf the najor part of the optic nervous t iL~ue of 

the stalk the renw.ining nervcna tir-~ue mieht ""?el l bo expected 

to b~bnvc like that or any ot 1i r segment c:f tl1 e b ·..ly, so 

that an appendage might "t. , ¥Je :formed, in plftCC o:r what 

was original~ merely a head lobe. It i.s sun :e .. ted that 

the appendn· ; resembles an an t enna , nince this :lo ·~ile 

simplest r _~I "ndage innervated f'ror.1 a reeion of.' tile 'Jr ttin 

supplyinc tll~ special sense organs. 

Summp.ry• Thus the only evidence fo~ the r!):pendic­

ular nature of' tbe stalk is tbo.t relating to its nnntorny 

and regeneration in the Malacostraca. There al"C no such 

indications for the lower Crustacea. · Their eyeo, therefore, 

may have b~en eithe~ primitively sessile 0r borne on an 

oeuliferoua lobe. That the ~rimitive eye might _ 11ave 

been sessile, is indicated by the nbsence of n a· · lk in 

Trilobite&, and in tbe most ancient Crustacean f·dsils . 

This is nlco in accordance w1 Jh the l1' te ontot.:enctic 

origin or the stalk in Brnncbipua r.mc.. this condi , l en might 

AavJ. 
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:-~ve given rise on the one hand to the stalked r.1ovqble 

eye, and on tbe other to the c unkcn cyeo - mova·: lo nnd 

immovabl<-· I t 1s J?OOsihle, however, tbr t the ct lked 

condition ci' the Anostracn rcpr·cecnts t he nncestt> .1 f'orm, 
() 

and that ito absence in the remaining Branch~pcd~- io 

secondary. The scanty, available £osail evidence does 

not settle this point finally. 

ThelC certainly seems to b e in Crustacea .::ener~l 

tendency 1\')A. the eye to become movable t>nd to b e. f levnted 

on a stalk. 
q 

It is possible th c,t in I:n~costaC £', th in may 

have been uccompl1shed, not by the abatriction c1' n head 

lobe, but by the reyival o~ a primitive appendr c, on to 

which the eye was secondarily trnnsf'erred .. The only 

direct indication of this is in the evidence of ~caeneration, 

which is not above question on theoretical grounds . It is, 

moreover, 1m-likely that the stalk in Crusta~ea \iould have 

been evolved from t wo distinct struetuJ•es in d ~ · l'cr>ent :rorms . 

Moreov·~r, i n no other .Arthropod is the append ec :'Jnccrned 

present in .. 1lc Ftdult, nor, wJ1c:'t: present in tho e b ryo, is 

it rela ted ~·o tbe eye. It is _.c s sible, theref' rc, that the 

most prit'lit ive Crustacean eye WfU3 either sessile or, t'lore 

probably, had already an incipien t tendency to elevation 

on a bend lobe, which acquil•ed the power of movm .. e .. :t .. The 

lower CI•us'l: '\cea present a conf'ustne varie ty of' r.!oC ificat1on, 

including t.uJsile, stalked r.nd eunken forms, both ::~ovable 

In the higher Cruut~cea , Ol' H~lco::::trnca, 
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pooaesaion o~ a jointed movable stalk is both ty:>lc·~l 

and pritni ti vc . The balance of the evidence \Veic1w 

against the ~robabili ty o:f its appe ndicular nat 111~ . 



IOI. 
'l1he cuticle 

The corneal. cuticle f..:rms the outer sur-i'aca of 

the eye ru-.. d bears tbe a~me reln ti on to it, as dc.-ce the 

body cut1cla to the hypoderr.t, thnt is, the cuticle ie 

secreted by , and acts as an exte1~nu1 protection ~ oll _,the 

cell layer. The continuity of the eye 't'l'itb the body 

cuticle is always apparent and the structure or the 

former clearly a modification or thut or the l attc:P , ~i' 

connection tith its dioptric function. 

must penetl"ate wi thout distortion, the cuticle in ~..cncr­

ally colourless end tranapa1•ent, a..'1u often th i cl'::t.. w to 

rorm a eonde11aing lens. Small amounts of pieoor .. t have 

been described as deposited 1n the inner part o'f the 

cornea in Cancer (Pearson, 1908, p.lGO), but thio is 

exceptional. 

The cuticle consists o-r t·ro main layers. :t'he 

outer is thin and t akes up most stains more deeply than 

the rest. This contains no chitin or calcium. 

inner part is made up o~ succesoively deposited c inae 

of' varyi~ l:i.licknl:f:ls , wbi;::b m&y lle sccondm•ily 1\.ot.,.. 

\ .. _ , . lt is chitinieed r.nd may contt i:a · 

calcium. (See Younge, 1932, P• 30L). 

The cuticle may be unfncetted nnd me.·ely u 

continuation of the general body cuticle, or it c :y be 

specialioed ao a aepa:c:·ate l eno over ench onr.ta.t iC iu .h 

The distribution of these t wo ty-pes or cuticle nnd ti1e 
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primitive and typical ' form will be consi dered in A 

connection \fi th the hypoderm cells - ... ..... .,.-. . 

Where facets are present, their convexity 

varies. All the variations are represented in r~opods, 

from which order the following examples are dr~~. For 

the rest, the types are scattered among the Cruat tcean 

orders without relation to phylogeny. The fac~to ~·y be 

practically .. 'lat to very slir htly cone avo-convex, tith the 

convexity external, as in Onlscus (Leydig, 1864, p.4c) and 

Ligia natalens!_! (see P• 30 ) ; or plano-convex ' titll the 

convexity external, as in ~igia oceanica (Hewitt,1907,p.26)· . ' 
or plano-convex with the convex1 ty internal, as in ~ ome 

Serolis species (Parker, 1891, p. 82}; or may v~ry ~rom 

biconvex to practically s pherical as in C:vm.othon ( l .uller, 

1829, p .42)i in Porcellio (Grenacher, 1879, P·2S); 1n 

Sphaerom! (Dellonc1, 1881, p.98), in Idotea and .nellua 

(Parker, 1891, p.83) and Philoacin muecorum (see ~ ·sr >· 
or plano- convex 

It seems probable that the concavo-convc--,... type wae 

the first and that the bi- convex w a der ived ~roo this, 

-... / Since a large ecmpounc1 e~·e ia 

clearly of very ancient origin in Crustacea, it in obvious 

that the facets, when they i'irst a _peared, would 11 ve been 

cloeel.y crowded and flattened, nnd. not biconvex nd. ocellar 

in type. Their dioptric clnboration must, nt t'. vr.:ry early 

stage, h v -.. n·en subordinated to the need :for an economic 

spatial ~il"I·nn ement. The primitive and tYPic ·l ~oPm of 
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facet is concave- or plano-convex with the bi-convex 

type as a late specialisation, due as a rule to dccener­

etion. 

The £aceta may be h ~ xaeonal, square, rect~neular, 

or circular. The hexagonal ie the commonest t~e. It 

is found in the following generr, which Are member~ of the 

orders Anostraca, Notoetraoa, Conchostraca, Cladocern. 

Branchiurouo Copopoda, Leptoetrv.ca. , Decapoda, 1 ~"'nlclacea, 

Isopoda, A ... phipoda, and Stol1rttopoda; .... Branchipuc (nUl~eister, 

1835, P•5.3lh § tP(!:ptQ£!)P~l!!~ ( -.ipanr:enberg, 1075, p . 30), 

; $f.riptoc.c,?"'~us . ( ;,ee. p . b-: ); .-\PU£, .Gatbel'ia , J;;vndne, 

Arsulus, (Parker, 1891, P• 61}; r,cbnlia ( Clau..:s, 1885, 

Tat.x, Fig. lo); numerous Deca~oda (rarker, 18~1 ) p . G2); 

MYais (clara, 1867, P• 67), tGrenach l '' 187;, , P• l."-2); 

cmothoa ( l fU.lcr 1929 1 Ta.f.lll, Fi g . 3, ;,, G), ( . .>ullnr, 

1879, P• 514): Are tutus (Beddnra, 189u, Ta1' .uxl, :-~it:· 4); 

Idotea, Serolie, Spbaeroma (j&rker, 1891, P• 61); ~rchestia 

(Frey and Lnuckart 1847 1 P• 264); Gammarus (6ar , 1867 1p.62); 

~hronim! (Cla~s, 1879, Tsr.Vl, Fig. 48); Caprelln, 

Talorcheati;a (Parker, 1891, P• 71}; Lguil!J!_ (j ' iL"le-· ~dwards, 

1834, P• 117) 1 (Will, 1840, P• 7). 

The tetro.eonal rorm 1a restricted in occ1..l"renee to 

the eye of some Decapods and to pnrt of that of Gono~actylus 

-a Stomatopod. Among Dec. pods thiu ha s oeen noted in 

Gala thea D t)u •geon ( Will, 1 E:4 '- , .i-1 ie . 111) , in Dron i .:1 , 

Homarus, _ l inurus and t!!!eor..onetes ( r<,l·k cl·, l t91, P• 62). 

/In ~-~ac~ylus 
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Oonodactylua there are six distinct rows of lnrBe 

ommatidia 1n the median part of the eye. These h ve a 

tetragonal outline, while arounc"' them 1n POl'allel l'O\TS 

are amaller hexagonal facets ( ~rk:r, 1891, p. (?. ), 

Round facets are found, in LeptoetracP i n Nobalia 

(Claus, 1888 , pp. 68- 69), and in J"ys idt~.ceu in Uyc is 3.1?. 

(Frey anJ 1~ uckart, 1847 t p.ll3), 1!!..-Y.tl~flCIPJ.J! ( G~onacher 1 

1879 1 p.llC) nd y . st~nolepis (} arker, 1891, P·99)· They 

are common in Isopods anu tmphipcds, in which the cyeo 

have degenernted until they are composed of a :rew oepar­

ated unita. 

Thus th-e primitive nature of the bexagonr.l _'ort:l 

1a indie ted by its wide-spread occurrence and c.l o in 

development 1 where the hexagonal nrr'1n~ement moy ':..•ccede 
1..\. 

a tetragonal. Thue in the devclopm~nt of P~linm~, the 

phylloeoma larva baa hexagonal facets, and the ,dult 

tetragonal ( arker. 1891, P• 62). ~le tetragon 1 ia 

cleRrly a lately evolved ~orm, since it is found only in 

a few Decapoda and Stomatopods. Yarker surgestc that the 

tetragonnl form arose from the hexn~onGl, aa a cc~equence 

of excessive crowding in the hirhei• forms . Tl'lu~ in 

QonodactylUS ~he median fRCetS nre tetr~gonal, anu ~he 
external hexa£onal, in acccrc-1f'nce ";ith the rt:•l .,t ·v ~ly 

greater vro;ding at the eye centre ( see Pnrkcr, 1 91, 

P• 61). 'i'hus it s~ems th~. t tl1e ~rimitive Rnd typical 

conditione are hexagonal. This tyLe eives riea to 

It etr c onnl 
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tetragonal forms, on crowdin,r., and circular • on ~<"'?·· ration , 

of' the units. 

The facets are somet imes divided accordin to the 

disposition of the cella by wh ich they are secreted. Square 

facets, where they are markeJ in any wny, ai•e sc e times 

divided li conally as in Hernnrus ( Pnrker , 1890 • ..,i!> 26)~ 

sometimes transversely ae in ~ a 1~onetes (Parker, 1391, 

Pl l X Fig. 105) · HexagonRl facets may be divided by a 

line bisecting oppoai te sides, as described fot• Q_~ 

( Pnrker, 18~1, P1.1X, Fig. 120) or b a line bioectil~ 

opposite . ~-1es , os described fol' Gala.theu, .t.•a.lc.G. on ond 

Pasurus (lvJdig, 1857, p.327 uncl ~~tten, 1886, P• G44 , 
Pl.ll). ~ccording to Newton (1873, P • 327) tll .':.1cot of 

A!tacus io uivided into four pr~ts. 

1891, p . lOS) points out that there is a singl e u l c onal 

division ror the facet in this case . Probabl~ thero is 

primitively a division of the fac t corrcapondin£ to its 

secretion ~rom two cells. Tho oi•ientatlon o'f the cells, 

in relation to the shape of the facet i s such, th..,t the 

division, uhere present, is <iiugonal or transverse both 

for square and hexagonal facets. Typically the lv ision 

is absent Hi1 ... the hnlves f'i!•r:tly ce,.1ented togethcl~, nt 

least in • .. L•. adult. 

The .1.'ncets are genei'~tlJ.y ~u·~·anged in rcgul.,r 
I 

alternnting
1 

parallel rows, ;it£1 the facets 6!' a<lj .. ccnt 

rows contiguous, except where tbe ~enses separrtc in 

/6.egener .. ~ion. 
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degene~ation. The regular! ty is- how•. vcr, appnrcnt 

bather than ~erfect. The surrace o~ the eye np _roximates 

to the surfnce of the sphere in m!my cases, and in this 

connection lt has been pointed out by Kalmus ana 1 ayer 

(1941, PP• 15-16) that it is not mathemat ically !.1onsible 

f'or a perfectly regula.l" se:•ies or cur·ved_ 1hexagont.1 

polyhedl'or r L 0 be drawn, to COVel' the c uri.' ace Ol. a tJIJhere , 

with the unit.s contiguous. Thuo in the eye, ono or 

more regions of distu~bance must exist. Cloae observa-

tion genernlly reveals such irregulHrities, pal"tlculc•rly 

in the all ape ~ nd arrangement of tho i ttcets in tl1o outer 

regions c.:: a·.my eyes. Such irregulorit tee are 

exaggeroted in many mutant t~·pes (see )~st~il1f"dalc,lS'33 , 

_ . / for Gar,UJ.at·us zaddschi and Sexton 1932, PP ·35S -J60 

:f.' or G. chev~v. For- pract teal i;m·poses, tbe eyes Clay 

be described as typically and prj.m1 ti vely reeul•1r in 

their facei nrraneemente. 

The number of ~aceta is not ~ix0d tn th€ onec 

of fairly lnrge eyes. ThE, ,;ye is ndded to pcripher-

ally throcyhout lif'e ( 1Yhi.le tl1c aren of the individual 

f'aceta also increases} - (:3~1eh!~ ,~dek , no Huxley, 1930, 

P• 38- on G.mma~)· 

Th : cut icle is thick'.ned for rel'l"nct:.on., ~:')lo-u,rlese, 

trans::;>arent, conttnuous ,;U;h:o but t...eeper tllun, the 

/rcncral 
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£~nexal body CUticle. !he OUter pa~t iB thin ~nd 

{tee··. ly staining. The inn~~r in thick , :tP.!nin~ted and 

cb.itiniHed. The p:r.ird.t.tve Grutdition is .uacuused in 

thP. s ect-:ion of the thesis. on ths hypociel"L.i c~.:::t.Lc . 

l<ncots n:re typioal of the ~:rns or h1&11er OrustPc~a. 

The primitive and typical form is oonoavo- o:r lJlano­

ccnvex. tbo~h a.ll"typea from tln.t, o sphe:rical occur. 

r" bi-convex !o:r01 is usual:ty deg~nernte. 't'hc fac~ta t're 

p1. it(li ti VGly an<i typically b.exa~nal • ' i th tet.tR.,t6nal 

;run ci ··culur fot'r:.a a.~isint; as rnoditica tions of ~his 

tlUG to uVIU'Cl'011di.llG O.U\1 ae&~a.l'<ltion of the uni t6 

re~pect1v.,ly • '.fhe primitive diVla.ion corresponding 

tc tha':. b~t•u~n :the ~poderm cella, is t~rpioally l ost 

a nct the parts tt:re e..Ll c,~n.ented toc.,ath;;r.. :tJ1e 

arrsn~e 3at n.pprox1 atl!ti to that of a. r@;t.11l~l' ~ g~or ... etrical 

for. ~ wj.th the fa.cr~ta alterna.tinu- iu CQnti~u.r;us 

pr..:rall~l rows • ·the eye may g:row tht'o~ .. bou.t life 1 

aclclin(• to the a1za !ln4i numbe:t of the O!Jh1t'tid1P . 

-------------------
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Corneal b~oderm 

Thia ia the layer of cells , wh ich on ita outer 

face givea : ise to the cuticle. It was frequently over­

looked b ;· the earliest autboro , since it was Jel)et,te and 

apt to tear awar from the re$t or the eye in wax occt1ona. 

The cells are t moreover, difficult to stain, ant1 1J\.: il'l.E! small 

and thin, r:1~ readily overlooked in thickish s ectL.no . 

Although thP nuclei were occasionally observed , they were 

generally aecribed to the cone cells, while the ncc rotion 

of both tllo cornea and the cone was attributed to the upper 

and lower nurf'aees reepecti vely of t :11a single uct of cell s . 

Thus Grenncher (1879, p. 123) a~parently anw th~ cells in 

Decapods tmd in Polae!!!.Qn described t o kinds o"' 1:;t;>d1ea, which 

he regarded as dietRl parte of t~e cone cells. ~cording 

to Parker {1891, p-109), the r.1ore distal of t hcro WCl'e the 

nuclei of the hypoderm ce1lt, rhi le the other a ;e_•e the 

nuclei or the oone cells. 

'l'l1c hypodm•rn lRyer c)i' the eye "as probobly rt t one 

time mo~e cc;nepicuoue thnn j.n.nodern for-ms, since, ~ccording 

to Patten (1.886, P• 645), erabryonlc lobsters ahc.w the cells 

as a broad, distal layer, with the individual cella larger 

than in the adult and more deeply otaining. He ~.10L.:1ted out 

that they were thin and reduced in the ndult, a~cc)t a t the 

moulting tl c, when they EU'e nctively aecreti~. ne·: lonses . 

The cells ar~ presurtabl y homologous wi·~J~ the 

/hypoderr.1 
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hypoderm layer in the ocelli cf' Spiders and Myr1t!poc1a 

which, e.i'ter giving rise to the cornea, f·cnerally f'Ol'!l! 

a thick refrnctive layer, c..nd s~·e not reduced, ta: in the 

compound eye, where the rei'ractive :function is t. ,l.;:an over 

b,y the cone cells , llhich arc di.::rcrentia.ted :f'roo t11e hypo­

derm. 

Patten (1886,. P·729-730) was the i'iret to insist 

on the universal presence of the luye1 in Cruet,cc .n 

compound e~,:(;.S . Hi s description of the layer ·ac not new, 

nlthough ~e ccnaidered it to ~e ao. Bcddnrd (1G07, P•447) 

potnted out that the layer· lHld p.L·cvlousl:f 1)een c.c_c ... •ibed 

:fer Phroniv seden!Qz~~ and Ga~~aru~ d,Ulcx. 

pp. 626, 61~2 1 645) deBcrib ed tho layer in Branchik?un, 

Crcheetia1 ~cnaeus, Galathea, fugurpc ~nd F&l aemcn. It 

has been nuted in practically all subsequent doocripticns. 

That this layer gives rise to t11e cut iclc ic obvious 

~rom ontogeny and anatomy. 

clenrly continuous with that oj.' the f enorol bcdy aurfnce , 

dif:ferina merely in the product o_ ... its secretion : nd the 

reduction J.." the cells in the !:du.lt. 

, :: cetted cuticula t..:.J..:.~rally cc..:·rcspo:..J.Jo to a 

hypodel"m, in which n dei"ini~e .i1U.r:-t1Kl" of cells .... nc.:1ely two 

... overlies each ommatidium and io reopon.'!iblc fer the 

sec~etion o£ one £acet. .An ur~n':!et"Ged cuticula io the 

product of . 1 ir~regular arL'a!'l€emant of ~he hy)ode:.· .. 1, in 

which an i n L'1ni te numbtr of cell3, g<;nf~I\ally la:}t ... or than 
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two, am raqing1. up to twelve - overlies each or.natidium. 

Among the Malacostraca the hypoderm i s r rrul nr and 

~he cuticle racetted in all but a few rorms. ~".:uo in 

Leptostracn a regular arrangement of: t wo cells uc.:ul"'O in t he 

hypoderm o:t: ~ebalia (Claus , 1888, p . 64 et . seq .) ·.·llile 

examina tion of the cuticle of ll· bipes showed obvious facet s . 

Among t he Anaspidacea tbe eyes are clearly racettcd in 

~naap1dea Tn,aman1ae , but the condition of the hypoderm is 

not mown to me. The hypoderm is regular qnd the 

cuticle :tncetted in Euphaus1aeea - :f'or example in 

Stylocheiron (Chun, 1896 - see f1eur~ p1ven in ic~twick, 

1909, p . 466, Fig. 290) and in mrolY other forms ( ace 

H~nstrom 1933 P• 3~~ et . eeq. } In Dec apode fl f· · cct ted 

cuticle appears to be almost un1versnl . It was CXflmined, 

for exam:ple, in Astacua fluVhltili§_, Hi~J~Olyte V ' f~nns, 

Falaemon o ~~, Po.rcellana .. I?..t:.~lcheles, :..>c,y:;!;l:--rU!J aretus , 

Carcinus 0cnr.xc;, Maio. o~ugma-'t;a. :Jr•om1!i vulga:r•le, otc . e tc. 

Thez·e nrc n few r~are c~ f-Jes, in ihich the cuticle has been 

described ao unt•acetted, as in l-'olyc beleo oulv:t.lt::. ( :Jmith, 

1880, pp .. 269-273) and in Cambal~ua aetoaus aA:ld 

p. pelluci~s (Spurgeon, 191~, P• 388 ). Theue ~c . 

however, c,Ac.c:ptional llnd deeener£tte. J\ rcgul::.r t ·o­

eelled hypcd~:rm llas been described in f£!Laeus, ..~.• ol,·cmon, 

Paeuru~h Gnlathea, (Patten, 1886, PP• 626, 642); Cr,mgon 

(Kingsley, 1886, :P• 599); Cambarus, Callinec'tes ( mtaae, 

/1090 
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1890, PP• 97-299}; Homarue (l·arker, 189c,, P• 6); 

Palinurus, !{iPPa, Cancer, ~dioeomn (Pt~rker, lC~l, p.lo8); 

Paleomonetqg (Parker, 1896, P• 281); .uPA.t;urus (c.' ckoon, 

1913, P•40)~ An Aetaeus sp. haa b~en described by 

Reichenbach ( 1886, p . 91} as havin£ four l)ypodertn c. ells. 

Thia is Vf!f!Y exceptional and .eorker (1891, p.loe ) d i scarded 

the obserYntion aa being incorrect. In Mye1dt3c<. ~1 the 

cuticular facets have been described 

and Leuokart, 1847, P• 113); u. vulgRr1s (Orenacher, 18791 

p. ll8); M• gteno1ep1e {Parker, 1891, p. lOl}, nnd ry~re 

observed in Seh1atomze1a spiritus. 

A regular hypoderm is described 1n the r ollow1ng : 

·M. f"lexuoso (Claparede, 1860, p.19t~); ll. .· oculnt ~ (8ars, 

1867, P• 73)J • · vulgaris (Gr~aeber, 1879, p.llf ); · 

)( . cbamelegn (Nusbaum, 1887 ,p. 79) ond u. stenolc;vis · 

(Parker, 1891, p.98). In r 11 these Ct• eee exc<". t the 

last the hypoderm cell nuclei we:-·e originally dorcl~ibed, 

in error, as part of the cone cella, since the existence 

of the hypoderm cells had not been established. 

In CUmacea the facets are prteent, but t ic 

condition ot the hypoderm ie not known to me. l n 

tanaldacen t he eye was conside red as f cetted, at l cH .• ot 

1n the female, by Muller (1864, p .2}, while acccrdln~ to 

Blanc it is unfacetted (1883, p. 635}· In r nnnio 

tormentuosue the eye was examined ~nd r acete round. The 

condition of the hypoderm cells does not appeBr t o have 

/been 
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been described. In the Isopoda as a whole the e:Jc is 

facetted. Pat ten {1886, p.677) nnd other early ".Ut ora 

described the eye as unfacetted, so that Beddard i n 

describing the facetted cuticula in Cymothoa (1887, P•447) 

says ''It had not occurred to me even before refcr~ing to 

the literature on the subject (Buller, 187~ , pl. 42, 

Fig. 12) that, 1n finding the corneal raceta tn cumothoa, 

I was adding a new fact to our 1~owledge of Isopod 

anatomy". The cornea of Ieopods had, how<'Ver 1 previous-

ly been described as facetted by l ullt=·r :for Cymothoa. 

( 1829, P• 42) . Leydig f'or Oniacus ( 1864, p.4CJ), 0 'l'O for 

Asellus (1CG7 , Fl Vlll, Fig. li~) And Bellonci fer 

Sphaeroma (1881, p.98). The facets wc..re obv .i.ou:J in all 

the cases which were examined, e.g. Jan1roJ2a1a , ;~r rva, 

Anilocra mediterranea, Idotea, Aeea,_ Oniocus; J·n:H: t..roma 

etc. A repular hypoderm with two cella to the or .c- t id1um 

is f'ound in Porcellio ( Grenacher , 1879, p.l07); ;-):lfleroma 

(Be1lonc1t 1881, p.98); Aecturus (Beddard, 1890, ~ · 3GB); 

Idotea 1rrorata {Parker, 1891, P• 84); I. metallica nnd 

I. baltica (Peabody, 1939, PP• 527, 532); Li gia ogeanica 

(Hewitt, 1907, PP• 24, 25); L. natalensis - see p. or : 

Cymothoa (Eggert, 1927, P·39); Philoacia muscoruo - eee 

P• ~~ A peculiar condition of the hypoderm w~a 

described by Parker for Sero1is . He considered (1891, 

p.215) that there were probably more than two cells 

present 1n the hypoderm of ench racet. In contrrat to 

/this 



II3 
observat ion Reddard had been unt,b l e to :find th ia l .:1yer 

of cells in Serolis (1887, p. 447), while ''/atese de.Jcribed 

the usual two cella (1890, P·290). The Stomatopodo have 

a regular t wo-celled hypoderm 1n Goncdactylus ( 1 )~11 ... ·_er, 

1891, p. l04 - 105)· The cuticle in t - is :f'orrn is . 'acetted 

ae is also the case in Sguilla mantis ( lill, 18LJ(, P•7}· 

Facets were observed 1n s. deamor eetii and s. euoebia. 

Thus tn the Malacostrac a , eaeept t ' e Amphipoda, a 

~acetted cuticle ie found in all the ord~rs, while a 

regular t wo-celled c ondition of t he hypode rm acconpnnies 

this in all cases, in which the condition of' the h:rpoderm 

cells has been described. In Amphipods the cuticle is as 

a rule unfr eetted. This hos been desc ribed ae t G 

condition in Cyanu s (Mflller, 1829 , p.58); Ga~ella ( Frey 

and Le'Uc]{art 1 1847, p.l03), ( Parkel"', 1891, p • . 69); 

Phron1ma ( Olnus, 1879, p. l31); Talitrus (Grenac1 nr1 18791 

p. l09); HfPoria (Grenacher 1879, pl-11),( Cnrrie .·e , 1885, 

p.l6o); Gat1111arus , Talorcheatia lonc 1corn1s ( Parl:c_·,1891, 

p. 69); Gammarus chevreuxi (IIuxley !:lnd ~/oleky, 19J..>- 3Lt-, 

P•366).(seJtt.on and Clarke, 1936, P• 6CJf). No :racf"te could 

be seen 1n nn examination of the following : - (h m 1arua 

pulex, Talitrus locueta, .Chelura tenebree, Calliooma 

hopei, Caprella aeguilibra, Caprella nudifron~. In some 

cases , particularly in those in which the unite re 

separated, the cones shine throueh the transparent cuticle, 

so thRt the e yes have a :falsely fRcct ted appear,~ncc, 
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although the cornea itself io actuall y emoot n. l , 

facetted cornea has, however, been described i n :few 

cases in Am,peliscidae (Delle Velle, 1888, P• 911) , nd in 

Talorcheet1a (Watase, 1890, p.289}· In pract ic l ly all 

eases the hypoderm is undifferentiated, nnd the ~_.oxim-

ate number of cella over each ommatidium vnriea tro~1 nine 

to t welve. In Phronima for example (Claus 1879 , Tr~. V1, 

Figs . 48, 49) and in Gammarus ( Parker,l891, Pl.l , iga. 1, 

2, 3,) there ere about twelve cells, while in Talo~chestia 

lonsicornia there are about nine accordinr to l.Jnrkcr, ( 18t'fl, 

p . 70). Wataee, ho ever, described two cells ( · ith n facett­

ed cornea) 1n Talorcheet1a, (the species w~s not nt ated,)· 
• I 

while Della Valle, who described a f'acetted cuticle 1n '· 

Ampelieoidae, found that this was accompanied b~r :m 

irregular hypoderm (1888, 1?•93). This appearo t " be a 

unique combinrt ion. Thus in moBt .'unph ipods the c·lt icle 

appears to be unfa.cetted, and the hypoderm irreculnr \Tith 

approxim• tcly nine to twelve eells over each omr. t idium. 

In Ampel1sc1dae the eye ie facetted, nnd poss1bl- in acme 

species of the genue Talorchest1!· The l oss o1' the 

facete1 likt thot of the stalk, 1e preeum~:~bly or ccondnry 

origin in t lle Amph1pods, eo that the t wo celled ll~ :->odcrm 

and the facetted cuticula are typicnl ~nd pri~itivc in the 

Malacostraca as a whole. 

Among the lower Crustacea the eye hypode rm is 

usually ireegular and the cuticle unrncetted. I n Clndocera 
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hypoderm 1s irregular in Leptodora kindtii (Tshueanofi'l. 

1913, :P• 356). The :f'ollovting s pecies on cxamin t .~em 

shewed no :fflcete: Da;ehnia pulex, •\ lcn~1 f"roc ill£_, • :::_y:phemus 

pediculys '..lld Leptodora h;yalina. In Conchoatr;J.C : the 

hypoderm is irregular in Li mnadia agassizii (l'nl'::.c~· , 1891, 

P·75) and the cuticle 1a unfacetted. Uo :fA.c e't 3 wore 

found in Eotheria sp. The cones1 which shine t llrcugh the 

thin lenses of many of these eyes, give the appe .... ra:.'"tce o:f' 

~acets although the cornea itself, when dissected of~, ia 

flat. The eye is unfacettcd but the cohd it ion cf' t he 

hypoderm is unknown in Ostracods. An un£acetted c crnea 

and irregular hypoderm prevail in Brencbiura in ~eulus ap. 

(Parker 1891, p.82), and A. foliaceus ( H~rter, 1~~8 , pp.l59-

176). In tlle Anostraca an un:facetted c11ticle ia dcocribed 

in Branch.i1 u.o paludoS}\8 (BtU'ueister, 1e35 , P·53); .3 . starnalis 

(Spaneen"i:H3.~.·L , 1875, P·3C); B1~1 nchipus sp. (Clauo, 1086, p·.320t 

B. grube1 ( latten, 1886, 71~)· A f a cetted cuticle has been 

described 1n Branchipus stagnalis ( l~eydig, 185.1, ) • 295}, 

Grenacher, 1879, p.l14); B. vernalis (farker, 1~91, P•73); 

·B. gelidua ( Iiowl and, 1911, p.l45). 

examined t nd f'N~ets observed; ~treptocephalus sp. , 

Qh1rocepha1us sp., Parartemia zeits i ans and Arte-1. ~r~cilie. 
A. 

1-.'[pocl e.-mo.\ 

In the rollowing tbeharrangement has been described as 

irregular : Branchipus ap.(Gla.ust 1886, p . 8o) ; B· rrubei 

( Patten 1886,· p.715). Parker de scribes an unur·u<1l condition 

of the hypoderm in B. torticornis tnd B. vernalic (189l ,p.73) 

I as !'ollows : 
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as fol lows : "The hypoderm nuclei are arrnnred atc:.t tbe 

cones in c ircles of six, each nucleus ;artici.Q•citl:!C' i n 

three circles so that there a1•e ther~o :tore reall} · t o to 

each ommat 1d1um'' . A somewhat similar nrrangeme:1t of six 

cella is described by Howland (1911, pp.l45-14G) i~ 

B • . gelidua. The condition is unusual and poseibly 

transitional between the nine to twelve cells asc~c inted 

ith an unfncetted cuticle and the t wo cells a seac iDted 

with a facetted cuticle. The hypoderm of Streptocephalus 

sp. is regular with two cella to each ommatidium ( se~ P•b~). 

Thus in Anostraca the cuticle may be either f acetted or 

u.nfacetted with the hypoderm r c e-ula r in the fornei' ct~se and 

irregular in the latter. 

Amone the i1otostraca the e ;; es of ~1!!! and C/>idurus 

were exam1Hoct. They are unf' fl c . tted, being covered by a 

smooth overgrowth of the body cuticle. Th ia Btl' cture has 

been described in A pus by Mull( r ( 1929, p. 56}, 13'tL'r.ce ister 

(1835, P • ;>33), Zaddach (1841, p.l~6), Jh•ey and .• . ucknrt 

(1847, p~20G) and \fenke (1900, P• 236 et. ae:t · )• 

regular arr 1gement of the hypoderm cells appe 1r•t to have 

"Peen described. 

Thue among the higher Crustacea a facetted cut icle 

and a regula r arrangement or paired hypoderm c lls arc the 

rule. This is practically without exception ot":cr than 

in Amphipods, whe're the cuticle is unfacetted and the 

hypoderm 1rregulnr in the runjority of ceaes, wh ile fncets 
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appear to coexist with an irreeulnr bypod. rm i n 

Ampel1sc1dae. The condition in /1mphipods is c·t r. l"•l y 

secondary a s 1s the loss of the stalk in tbia ['I'Oil_, wh ile 

the form 1n .rimpeliscidae is highl y !.'!iber -.,ttnt. 

The 1:ncetted cuticle and regular hypodern c~rc 

restricted in the main to higher types and amonc the lower 

Crustacea an irregular hypoderm with nine to t· ~elve cells 

and an unf'acetted cuticle are the rule. The Ancatr-,ca 

constitute the only exception. In this case tl1e .Lncets 

may be present and the hypoderm is then regular , ci tber 

with the usual arrangement of t wo cells to the o· "!ltid1um, 

or •tth the exceptional type :round in some Brnnchi;pus sp. 

From ita distribution the racetted form wo, ld seem 

unlikely to be primitive. 'l'he presence of facct :J in 

Anostra.c u, however, mukes this uncei•t Ain, eo tb t it is 

necessar.; to decide the prt titive presence or aboc::..ce of 

the facets on other ground~. Tha t the eye wao ) rimitively 

un:facetted, was t he view held on theoretical erou:nd.s by 

Patten and Parker, while Wataae considered it as ~~ 1m1t1ve-

ly :facet ted. Parker hoped to de1•ive the compour~<l eye 

frotn a s1r.rple Spider-like ocellus, wit :J a single c':mt inuous 

lens. In accordance with t l is, he held that t bc eye in 

primitive Crustacea - Anostraca in his view - wan ~~~acetted 

(Patten, 1886, p . 545)· It ie clear, however, from the ... 
observations given on p . tt~ that hero, as in the case of 

Iaopods, he was mistaken in his descx-iption or tbc eye, in 
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the order no a whole, as unfacetted. His argue ~nt i'or 

the derivation or the eye !'rom a single ocellus ~-, .s had 

little support . No real evidence is found for ou~h an 

origin in the adult form or the development of the eyes in 

Crustacea or of the Trilobites. 

Wntoae on the other hand regarded the cuticle as 
~ " 

primitively facetted, since he held thnt the conpound eye 

was formed by a recent coalescence of ocelli or ai 1ple open 
t J 

ectodermal pits, such as are found in the developraent of 

Limulue (1890 ~, p.l23)· Tbt' evidence :f'rcm the: develop-

ment ot the eyes in Crustacou, llortcver 1 precludes t :1 is 

view. cc l"d1ne to He ~ Picl~' a invcstieation of t! e develop-

mFnt of the eye in Alphe:u~ (188G, pp. ~2-4), Clmw • of the 

development in Branchi~ua (~866, DP·76-8c), and £i~~sley'e 

of the development in Crgna~n (1886, P• 597-598), it is 

formed :f'rom a continuous strip of' ectoderm, in .. l: lch the 

di:fferent1""t1cn of the ommatidia succeeds t 1e inltinl 

separation of the entire eye area. The eye i~ continu-

ous, and th~re is no formation from aeparate pita . 

Although this evidence doee net support \/ataset f! reason 

for regarding the eye as primitively f3Cetted, it does 

not exclude the possibility of 1te formation b y n conlesc-

ence of uni.ts in a distant ancestor. If this ia ao, t~ e 

separate pre-compound condition must have been very ancient, 

since all trace of it is omitted in the lower ~rna{Ca, in 

Trilobites, and in Crustacean embryology. 

/Pnrker 
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Pai"lt~r regarded the eye as primitively ~acc· t ted, 

since he held that it was formed by a thickeninu of the 

hypoderm, 1n which tbe upper part retains the pria1'~ ive, 

continuous character of the ordinary body hypodcr8, while 

the lowe~ l nyers, after cell multiplication, arc 

differentiated into ommatidial columns. .A 1 t hou r:'l he 

did not regard the compound eye as derived from one 

ocellus, be considered it as a si~le unit, i n wll lch the 

differentiation of the l~nsea succeeded the rrou~cd arrange-

ment of the cone and retinal cells. The evidenc e from 

developm~Irt points to P~rker' ~ view RS the most r c 1sonable 

of these L ~.:.."'ae. 

The absence of the facets in most of the l~aer 

Crustacea pointe to the possibility t hat the f o.cc t o vrer e 

not de~eloped in the primitive form. The pre s c. ·co of' 

facets in . noetraca aa well as in Trilobites con.;; t i tutee an 

objection. I t is possible tha t the facetted eye in 

Anostraca is peculiarly advanced in the otructurc c~ the 

cuticle, ae it is in the ~orm of the rhabdom- nee p . t,J · 

and the presence or a stalk, and that the condilion 

in the earliest Crustacea did not correspond to that in 

the Trilobites, but was l ess advanced 1n the structure of 

the cornea. Such a primitively unf'~cetted torrJ ~Tould 

account for the late differentiation of the len~ea in the 

development of higher types .,nd poosibly :for t h .. i'fl.Ct t 11at 

in regeneration tl~ e :f"acets ar e formed lcnr q,fte:..• the rest 

l oi' ( 
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the eye ( and not before at least t wo moults have occurred) 

- ~ee Stee1e, (1907, p.l95)· On the other h,· :ncl, it ia 

possible that the unf'acetted form 1n the lower Cr1lotacea 

i s degenerate in Ostracoas ttna secondary in l.Tot ostrnca, 

Oonchoataca nnd Cl adocera ~nd ~r.,nchiura. (see p .. 9'1 ) , r1here 

the cuticle has formed a pocket over the eye ant. i'nils to 

develop fa<... to in t i de part. lt is poeaible tl~ t the l ate 

origin vf the ff.l.cets in develcpr',1ent and regener·.t:on may be 

dictated by a need for spati il econo~y in ·the d~veloping 

eye, wb1ch also accounts for the early develo_pme:.1t of the 

convex :rorw. It is probabl e that the eye was :..:t .. inltively 

facetted "lthougb many of the lower Cruotacea t::u. t 11 ve 

arisen from n veny early of':fshoot, or several uc.l o.2fshoots, 

in wh1ch the facets were lost. 

The form of the hlEoderm,celle. 

Typically in the adtut ebc cells and nuclei ure 

reduced in eize; end the cytoplasm in density. In the 

primitive eye they probably ~ormed a fairly den~ct th ick 

layer, as in the embryos of latel-. forms - see h: ttcn (1886, 

p.645)· That is, ir1 both phyloeeny ona ontotcn~." , the 

cells are red.ucec1 and their :unction dccrcr:.sed, nc that of 

the cone increases . 

In mo1t lowet• Crust see,. they lie a.s a co··t .:nuoue 

laye r b!.! en the cornea nnd :11c cone cella, i:.: "..1.._·, to 

twelve cell ~ over each ommatidium, irregularly r _ ,]l.£ed, ae 

a r e the cells o:f the body hypoderm, u i t : which they a.:-e 

Icon t inuouo • 
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continuous. Typically in higher Crustacea they rre broken 

up into sets of two cells, one onir lyin2 under ~1ch facet. 

Where the layer is broken up into such discontinuous units, 

the cells o:r each ommatidiurn m!ly either be dispJ.~ ced 

centrally rold encloaed in up·ward extensions of tho cone 

cells, as 1."'1 1-i,eia natalen01.Q - sae p . 3t - or c~iG).1laced 

laterally by the f rowth of the cone .cells between them, as 

in Gonodnctylua (Parker, 1891, p .105), 1n Ligia ccc•,n1ca 

(Hewitt, 1907, p.26), in Phtloscia (p. ~~ ) and !~rcEto-

eepbalus (p. G"' )-. In the lattc1~ case they ore ccncl·a.lly 

produced downwEtrds for a short distance round t he cone. 
Presumably the boundaries were primitively d1ot1nct. 

This condition persists in Stomntopods ( Parker, lo91, p . l05). 

Typical$7, however, sa the cella shrink, their boundaries 

become 1ndiat1nct, although, where they are ~rouDnd into 

twos, the l~ teral interommatidial walls of the cells may 

remain, as 1n Peneaus (Patten, 1886, p. 626), L1c1n 

nataleneip (p. 3.t ) , and Ph1loac1a (p. 5"3 ) • The boundary 

between the hypoderm and the cone cells is as a rule lost, 

although in Argulus it is marked off by n membronc at the 

base of th hypoderm cells (Parker, 1891, p. 83). This 

is not normally present. Lateral dtaplncement cr the 

cells doeo not alw~s effect their complete sep rrtion, 

and there 1a a tendency for the cells to be lim~ed by a 

bridge or cytoplasm. 

Typically the cells are orientated so tlwt the 

/division 
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division between them is in t he same direction ns one ot 

the divisions between the tour cone cella. 

cone cells only are present, t!1e division bet· .. ·en the 

hypoderm C'C'lls is in the same directic~~cl~ perpaauicular 

to that b e t 1cen the cone cells , ··r1t the :former the 

condition in Porcellio ( Grenachex•, 1879, pp. 107 , l C8); 

and Idotea (Parker, 1891, p . 84), the lat ter i n ~~a_i~~' 

(Parker, 1D91, P• 99)· 

The nuclei or the primitive £orm probably rc aembled 

those of t he ordinary hypoder m cella. Typically t hey 

are reduced in size and spherical or slightly elc:l~uted. 

Primitively they probably lie centrally with in the cells 

and above the cone. \Yhere the cells are laterally 

displaced nnd extend round the cone, the nuclei oftan lie 

below those of the cone cells. 

granular. The nueleua 1s surrounded by a dist inct 

membrane and may be with or ithout a nucleclus . 

Normtllly the function of the hy·poderm 1a rr:e :>e ly 

that of secr eting the eornea. In Ga.lathea, hvucvo_·, 

Iris-diaphragm. The thickened cytoplasm cont o~-a a layer 

of opa~ue f at globules, which exclude~ the li£ht ~1d is · 

provided with contractile cytoplasmic fibres, uc th\t the 

opaque ma.tc.t•ial can be moved to regulate the a- ~uttn.t of 

light enterin' the eye. 

modification. 
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Summary 

The co~neageneous hypodernl cella were at first over­

looked, on uccount or their poor staining prop('.L'tics, small 

size and liability to damage in oectionine . Althoggh 

sometimes observed, they were misinterpreted as cone cells, 

the secretion o~ both cone and cornea being attributed to 

one set of cells. Their universal presence ana t~ndency 

to decre &cc in size was first pointed out by- Psttc'l• A 

facetted cuticle usually a ccompani es a regular h;~oderm,w1tb 

t wo cells under each facet, ···h1le an un.f'nc~t ted cuticle 

goes with an irregular arrangement of the hypod l"Ll, with 

nine to twelve cells over each omMatidium. ( ..::.xce:>t ions 

are constituted by the abberrunt nnd somewhat dot~Jtful 

cond1 t1on in AnJ:peliac1dae and the intez'mediate fur::1 of the 

hypoderm 1n some species cf' Drnnch1pus.) A r.~c .... ~ted cuticle 

and regulor hypoderm occur in all Malacostraca e~··ccpt 

Amphipoda, where the arre~ngement is eecondury - li1~e the 

loss o.f tha stalk. .An un.face tted cuticle ond il·rcgular 

hypoderm ore usual in I.ov-rer Crustacea, but the diatribution 

does not decide the primitive .fot•m, since facetc nrc 

pl"esent in oome Anoatraca ( as in Trilobites) althoueh 

absent in the remaining 11EntomoEtraca11
• Patten 's view 

of the eye ~s primitively unfr cetted is regarde~ uo 

untenable, being based on an unjustifiable det•iVP~ion of 

the compcu.ni..l eye from FJ. s ifl.,£1e ocellus and on i,..~conplete 

/t...Vidence 
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of the distribution of the facet types. .le.tase' L v ic\7 

of the eye as formed by a relatively l' ecent cotllcoccncc 

of ocelli nd therefore primitively r acetled, i o : lied 

1n develo})n' .at. 

(If suob a coalescence occurred, it was olcnl'ly pre-

Crustacean). Tbe late oririn or t e !'aceta in ontoeen.v, 

in relation to the rest of' the e ye, ie in accord ... ~ce with 

Parker' a view of the eye as a u inele unit, in w1:lc the 

lenses a1·~ the laat p~rt to be dit fe ::•entiated, co t ut 

the eye i .; _w.:imitivel~- unf•lcc·t~ ·.: d, and the condi ... i on in 

Anoatrac. ( l lke thn t of: Trilv1Ji tea) t represente a ::x;culiar 

advance on ~hat of the r{~maining lower Crustaceu, in this 

as in other aspects (namely the i'orrn of the rho.u(.'l _ _,f.'l ( nd 

deYelopmcnt of the stalk). It ia possible, h. ..... :cver, that 

the late ori c in in ontogeny is m~.;:rely ~daptive, : nd related 

to the nee '-- .. or s:patial economy in development - .. he factor 

responsible :ror the early convexity of' the eye. I f eo, 

the condit :i.on in the l:..,etlaining lowe !.· Crustacea c ould be 

explained as clue to degeneration or to t :1e aecv1<1 r y 

formation o~ the corneal pocket. ~rom this evidence, and 

in view o-r the condition in T!•ilcbitetl and other '.rthropods, 

it seems probable that the :facetted cond ition Tw.r:.: pr imitive 

and t11e un£a cetted an early o::t'fshoot persiatint: ln most ot 

the mode1·n lowe r Crustacea. 

Typia"llly the hypodert:l i s irreeula r with n i ne to 



I25 

tw~lve c:lla in tbe lcwcr- Crur.t"'cea, ::-.nd with rcgul ·.r 

pait•ed ccllc in the hicher C.r1.i.otacen. Thou£b p1•L.1it ively 

and embt"ycn1cally thick, they are typically redt:~a<l nnd 

displaced in the regular t~a, cit er centrall~ ~ 

laterallYt lthou£h the laterul displacement is CV""r ao 

p~onouncc L in Ineectn iher"e t i·e cells 

are z•egul!. :.· ~hey are symrnetrtcolly ar·rPJ1,ged. in the 03re a.e 

a whole ru~: nre constantly orientated in relatic~ to th0 

oone· cells . Ty-pically theil.~ boundaries tend to degenerate. 

The nuclei re r rgular in form ~nd granular with or t1thout 

nucleoli i n the adult. The cytoplns~ to typic.1 y reduced 

with the modification ae an opaqu~ iris in Gal nt'1en 

exceptional. 
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rn th~.;; compound eye unit the cone cells hr vc •Jecn 

interposed between the hypoderm cells and the scnoc cella. 

Normu}.ly the secretion of the hypoderm cells ic the seat 

ot: the reception ~:md selection of the stimuli in ·tn Arthropod 

senae organ. In the c ase of tbe eyes, the con~ cells and 

their secretions auwlement the hypode .r•mal structures 1n the 

refraction of the incident raya and the direction or the 

light on/ to the delicate gnd deeply sunken sense cella . 

The cone is a highly l.,erractive body, partly ot• 

completol~ c~cloeed by the cona cello, Pnd is a very 

conspieuou• · _1~rt o'f the ey~ 1.1n~t. It hns be~n ow.~r:eeted 

by Peabcd;r (l939t P•534} that the cone· mnterial L~ y be 

formed d irectly 1n the cytoplasm of the cella but the 

oboervations of Huxl~y a!l.d .lolslty (1933-_ ~ P• .3C1 ) 
L ---. 

indicate tl1e origin of the cone eubstnnce as dro. 1 : ta 

within the .~lucleus. What~ver the exact mode c~ o~igin, 

the cone 1 \_;l! Jenta are clP-arl.r secretions or the c011a, to 

which t hey cort-espond in number and arraneement, '11though 

biG may be obscured by partial coaleacenee of the segments 

as in Lia+.!!: - see p. 3'=t - and Fhilosc1a - aee P• S'7 • 

Tha cone is termed "cryntalline", presumably on 

account of its high refractive index. lt is il!t~oluble 

in Ether, _ lcohcl on.d Ohlorof'orM1 and ia solid en d probably 

eh1t1n1sed in all eases. It is tmti'orm end mor(! highly 

refraotive than the corneal lena, throurh which the sh1n1ne 

cone is clearly visible in moat cases. 

/The 
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The cone segments are typically flattened in the 

adult along their planes of contact, ao that they :rorm a 

single optic unit in each on~nt idium. This is ~'-leo the 

condition in the primitive forms. It is only i n some 

mutants, where the cones are very imperfectly ~orned, (for 

example 1n the albino mutant of Gammarue chevreuxi 

described by Huxley and Wolsky (193~·\:, .: . . ~7h)) thct the 

cone segments are unequal. and separate and remain t phf:.I•ieal 

and untlattened, as in the normal embryonic condition. 

oceaaionall~ in the adul te one or t wo irregular coJ1oo have 

been noticed• as described by Schmidt (1848, PP·l-12), 

in Phron1mn
1 
... P.;;;;;a,..l.-a .. e.m-.on ... , Astacus and Homarus, but thenc are 

compAratively rare malformations of' single omm tid i n. 

the aize of the cones v ries ithin the eye, as has 

been pointed out in connection with the eye of Philosoia -

see p.s1 It is apparent from.Ruxley and /olsky' s nccount 

(1933-1 ) pp. 366-367) of the development of G~r~nrus, 
\ 

that the smaller size of the peripheral cones 1c to be 

accounted .ro.r by indei'inite relntivc growth. B{l:..lu~~1dek 

and Huxley (1930, P• 38) and Peabody (1939, p. 5~1) have 

pointed out that the eye is added to throughout lifo, so 

that the omaller si•e of' the peripheral units is due to 

their lato origin in development. 

Typically the cone segments form a conical un1t . 

This may hor;~.ver acsume a pyramidal form as in 1JC:1( aus 

/( Patten 
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(Patten, 1886, PP• 627-628)• where the corners nrG 

bevelled, or it may be ellipsoidal as in .t'hilosc1'1 -

see Fig. " · The segments ore symmetrical and cq~l 

and the planes or division therefore perpendicula P to one 

another and constant 1n orientation throughout the eye , 

eo that a section at this level forms a very strikingly 

regular p tter.n. 

Secondary transverse divisions o:r the cone rauy 

occur ae 1n l,alaemon aquilla (Gr. nacheP, 1879) r1a 

f'igure.: reproduced in Sedg¢w1ck, ( l9S:?, P·3.30, b.,i£> 332} , 

where the upper part of each segment is separated from 

the lower by a portion of the cone cell. Accessory conea, 

which are found oUiy in Isopoda and described above for 

two species of Lis1a on pp.39,4d , owe their formnt ion to 

transverse division. The elaborate development of' the 

cone 1n this case is related t o the small~ass nnd simple 

form of the cone cells. (This is dealt with furthor in 

connect ion wit 1 the cella) • . 

A hi['hly aberrant subdivision of t. e cone o.:ppuratus 

has been drucribed by Tchugano:f.f in Leptodora kindti1 

(1913, PP• 356-357). In this Cladoceran the r1ve oegmenta 

of the upper part of the cone arc surrounded by five 

normal or fend cone cells", vth1le the lower pal"t, in 

which no segment ation 1a described, is aurrounded by two 

"aupportine cells" of very uncertain origin. 

part differs in its material from the upper. 

TI·c lower 

It appears 
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:t"rom the description, that the aup!)orting cells u.::e not 

pigmented b 1. t are parts of the cone cells, some cr .fhich, 

like their ::,ccretiona, have unde.i.·gone a secondaxw division. 

The number of the cells and therefore or tl.1c cone 

segments Yariea from two to five. Among the l.lnl 'cootraca, 

excluding members ot the division .Peracarida, t c nunber of 

cells is four. This is found in Leptostraca ( Cl~uo,l888, 

P• 69)J 1n Eupbaue1acea in eneral (Chun, 189C., P · l91 

et. seq.) and , for example, in esanictypbanes (: , .. natrt>m, 

1927 1 p.243)J in Decapods, tor exnmple in Palaet..on ('1111, 

18401 p.l3), Gala•bea (Olaparede, 1860, p.194). Icnenue, 

Pasurue (Patten, 1886, pp.626, 643) etc. , etc. ; in Jtomato­

pode in Sqy11la mantis (steinlin, 1868, P•l7) an ~­

f}actyluf ( Pnrker, 18911 p .105). · For the remaining order 

Anaspidacea, Renstrom's description ot the eye in 

Anaepides taamnniae (193~, Part 4), is av ail 1ulc t0 me only 

in an abstract in which the number of oone cellL 16 not 

given. \ 

In tlm l"'era.calSda, the number is generally t.,o. 

Thus t wo cells occur in ysid cea in 1.lysis atenolcwis and 

M. vulsar1a (Grenacber, 1879, P• 118). In Amphipodo two 

cone cells hav-e been described in Hy;eer1n (Grent cller, 1874, 

p.652) 1 ~bronima (Grenacher, 1879, p.ll2), Gamnaruti 

(Grenachc.e, 1879, p.110) , (Carriere, 1885, P·l56), Ca:orella, 

Talorcl1est'- longicornis (Parker, 1891, p.70), ~;tc1n (see 

p. J9 ) and Pbiloscia (see P• o'7 ) • Four oonc cella 

bave been described 1n the following :- l®eria ( Clapnrede1 

/1860 
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1860, p. 21~) and Oalll1larua (Sars, 1867, P• 61), (LeydiE, 

1879, P•70). According to Parker (1891, p.70) t11eoe 

obaervationo are probably inaccurate, since Clap rode held 

the general view tha t the cone cells we..re :f'our in number 

in all Crustacea, while Bars and Leydig probably confused 

the pigment cells with the reduced cone cells i n Guomarus. 

If Parker~ criticiam is justified, t wo cells are cf universal 

occurrence in Amphipods. In the Isopoda Beddard guve the 

number t o, e typical ~or the order (Deddard, l f87, P•443)· 

The following particular cases have been described in 

confirmation o~ this :- Oniecus (Leydig,l864,P·41); 

Aa¢ellus (Snrs, 1867, p . llO)i Serolis (Beddard, l064,p.20), 

(Watase, 1890, p.290), Arcturus (Beddard, 1890, p.JG$.), 

Sphaeroma, Idotea {Parker, 1891, p.85); Idotea baltica, 

Idotea metallica (Peabody, 1939, P·524)f L1g1a ( oce p. ~ ) 

and Philoseia (see p.S7 ). Three cone cells h ve been 

described in the f'ollowing :- '~sell us aguaticua ( J•· ra,l867, 

p.llO, Pl. Vlll, Fig. 12). (Carriere, 1885, p.1;5); sellus 

~·(Lattin, 1939, p. 417 et.aeq.); ~turus (Bedd·~rd, 

18901 ~l· XXXl, Figs. 1, 4) and in Triehoniscus ( ~ ~hcly, 

1927, p.82). .Asellus (Lnttin, 1939, p.l.J.l7 et . .;c<l•) 

occasionally baa rour cells. In the c ase of Aecllua 

aguaticus the eye contains rour ommatidia, three o£ wh ich 

have normal t wo segmented cones, while the third Imo one 

normallT oizcd cone segment and t wo seements of' h 1:!' the 

usual size (Parker, 1891, p.l22). The size end number of' 

/t 10 
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the segments of the cone are beet accounted for by 

assuming a division or one of the original segments and 

not the entrance of an additional cell rrom outcide. For 

the eye 1n OUmacea the only avail able description is that 

of Burmeister (1883, PP• 35-37) relating to Cuma. Pathkii, 

in which the eye was degenerate nnd revealed no cone 

structure. No description o~ the condition in ~nnaidacea 

is available to me •. 

Thus four cells are typicnl of the MalPcootraea 

except Perncarida, \vhere ther. are typically t wo cella, 

with three ~d four cells as occasional numbers, p~obably 

arising by division from the two celled rorms . 

~mons the lower Crustacea four cells ure o~ 

regular occurrence in Anostracn, Notostra.ca and i3l .. ,nchiura. 

Among the l"'utostraca four cells have been described in 

Branch1pue (Upangenberg, 1875, p . 30}, (Grenacher, 1379, 

p.ll5), B. srube1 (Patten, 1886, p.645), B. vern lie 

(Parker, 1891 1 P·73), B. gelidus ( Howland, 1911, P·l45), 

Artemia (Uorott, 1911, P·l50) and StreptocephalUZJ (p.':'/ ). 

Five cells are oeces1onally found in Artemia C·oroff' ,1911, 

p.lso). Among the Notostraoa four cells have been 

described in Apus (Grenacher, 1879, p.l15) , (Claue, 1886, 

p.321} and amonR the Branchiura 1n ~reulus (Clr us, 1875, 

P•256, }"'1g.14), (Herter, 1928, P·l59 et .seq.). In 

Conchostracn and Oladocera the number is more vt rl 1ble 

and may b e either four or five. 

/In 
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In Concbostraca five cella have been described in 

Eetheria calitornica andE:tetracera ( Lenz , 1877, I>- Jl. ) 

and L1mnadia (Parker, 1891, P•75)· Parker poi~tcd out 

that tour cells were occasionally pre. sent in I ... i r.:nt di n . 

G~ber had previously described (1865, p.2G8) t \ o cells 

in Eetber1a but Parker (1891 1 P•75) considered th t he 

was mistakon. In Cladocera :!"our cells occur in t he 

primitive genus ~ {Claus, 1876, P•.'372) and t hio number 

is also gtven by Weissman (1874 P•364) tor LeEtodoro. 

Five cells have been described in Polyphemia and ~v~dne 

{Claus, lBn, p.l45), Podon ( Grt.nacher, 1879, p.117) and 

~eptodora k1ndt11 ( Techuganoff, 1913, p. 3(0). In 

Ostracoda t wo cells are the rule (Calman, 1909, D• 66). 

Thus among the lower Crustacea f'our cells :.'e found 

in Anostrucu, Notoetracn and .. 5ranchiura as well in some 

cases i n primitive Cladocera nd in Conchostrac~ . In 

the last two orders, as well as in Anostraca, five cells 

may occur, while two cells are usual in uotracodo ~nd may 

poasibl7 occur is an aberration in Cladocera. 

Tbua t e numbers three and £1ve appear t o be 

restricted to isolated groupe, 1n .vhicb they a1~e o:r 

Tariable occurrence. Three segments appear t o be ... orroed 

by a secondary division of a t wo celled cone, while the 

number !'ive nppeare, at least 1n Cladocera, to be derived 

from a four celled type. 

/Tlms 
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Thus eithur ·the t wo or the four celled condition t:mot 

be the primitive one f'rom which the otbel." types h ve 

arisen by degeneration or multiplication of tbc cella. 

Both Pntten (1886, p.678) and Porker {1891, P· 25) 

considered that the primitive number wao two. 

views w<ro based largely on the bistoloe1oal evi~cnce, 

that 1s, that there is little or no indication o; 

degenerate cone cells or segmen.te re·1a1n1ng as vc~t iges 

in .any Crustacean eyes, while there is some reason for 

believing, that two or four cells may increase t eir 

number by division. Patten (l88G, pp . 643-6h4) considered 

that there sa in addition direct h istological evidence of 

such a division having occurred in tbe eyes of acme Decapods. 

Thus in ~al@tbe~ and Palaem2n he described one division 

between the cone segments aa c ore distinct tbfm the other 

and point~.:d out tbat the innt.r ends oi' the cella u110ved a 

correspo~..,dl.lf,; paired arran.gencnt t which he took to indicate 

a seoond<Iry division or a primitively t•w celled cone. 

There is, however, little othc1., poaitive evidence to 

support their views and they r~at HW.inly on the ~ bo~nce or 

rudimentary cells as an 1nd1cat ion of de£:enerat io.'l·· This 

condition i not surprising from a pbyaiologicr.l .._)oint of 

view. ~ degenerate and misf'ormed cone segment •. 1;::ht not 

be merely uaeless but possibly hal~mf'ul, in ir.l!>airlnz; the 

perfect ion und symrnetry or the opt teal system. In those 

/t.rutont 
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mutant .t"orru.1. moreover, whei·e t c cone segmentc tu-e lost, 

they are lc~~ t in their entirety (Huxley end tolu1·. • 1 1933-:-!· ,;- .... 

p. 374) mu in normal eyes cone se2Qlent s might ·ell heve 

been lost 1n the same way, itl1out leaving h1sto2o[:1cal 

traces or degeneration. 

on general phylogenetic rrounda it appe~s more 

probable th t the primitive type as £our celled. !his 

18 the num r tyjtcal of many l ower Cruotneea an- ell as ot 

the Ualaoc.atraca. other than Pernc n.ridu 1 while thC' cofl!)arat-

1ve anatom1 of the eye in Peracar.ida i nd1catea th t in 

general thGY buve diverged along a line ot d~v~lo_ nt 

separate frOM that o~ the reaainine MalacostrA~n. Thus~ 

while the 1 elacostraca hove jointed eye-a~alke t!lCS<! have 

been loot in Isopoda and Amphipoda, tho~~h they a~o 

present in tbe lysidacea. ) yoidtleea 111te Deca;pods have 

e i ght retin&l cella, while I~·cpods h r ve aeTen 0r oix, 

.Amphipoda :t1ve or f'our. 

It 1 prob able th n t 1t the pr i mitive nur.ib~l' wne 

f'our, th ·;,. ltc :five celled t~~)es in Lo-;; .r Cr-u.et~cc!l wore 

derived irv1...l this, and th~t tl1e two celled t'arm in 

Peracar1d& rcpPesanta a. secondary o!':fahcot. 'l'lJe two 

celled .form in Ostracoda appcaz•J to be an i.el•L. ted one. 

Clearly no one number can b~ . r egurdcd uS typic 1 c~ tho 

Oruatace , c s whole but f"0\11" 1a tl1e com. 1onest. 

In each Gr.m1atidium the ccne c~llo f'orm a oinc;l e 

/ ["l"Cl\p 
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group extending from the inner e ide of the corne, l cells 

to the leve l of the upper ends of tl1e retinulae . 

the expanded base of the cone is outwards. 

Typically 

'l'he cell boundaries are usually obscure, since tbe 

cells t end to coalesce with the adjacent bypode-·t!l nd 

pigment cells . At their upper ends the cella arc in 

contact t~iti~ those of the hypodeL'm and must primi~.ively 

have b~en placed directly below them. Aa the hypoderm 

cells are reduced and the cone cells increase in cine, they 

are di·spl ced to occupy a poaitioa nearer the c o1•ne • Thus 

in Philosci:-~ the cap :formed by the hypode.'m cerLo over the 

cone may or may not be complete (see p. ~~ :t wl1ilc in 

Ealeomonetog the upper ends of' the cone cells 1100r bet ween 

the cornenl eelle to come into contact \Vith the cornea near 

the middle of each facet - (see Patten, 1886, p . Pl.lX, 

F i g . 66). A s1mil~r condit ion prevails in ~onodactylus 

(Parker , 1891, p.lo) and in Pal aemon (Jackson, 1913, p. 73) · 

In Lie:ia natalenais (see P • 33 ) the displacement o:r the 

hypoderm cells is in the oppooite direction, sc th'1t the 

cone cella are in contact with the cornea l nter·lly. Thus 

the upper ourfnc~or the cell& are in contact ~it t he lower 

surfaces C- tbe hypoderm, ceJJ.I.a, and on e-ccount 0.1~ t he 

displacement of the hypodero cell a in t e adult , ... pproach 

the cornee and may come into contact with it eit .er centrally 

or laterll1y. 

/ '!.. tcrally 
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Laterally the cone cells surround their secretion 

to a varying depth. From the conditions in L1r:1,1t 

pbiloacia and atre;ptocephalua . .;_~eacribed above, PI> ;~3. s-,. =1P 

it a~ems t hat either the cones or their cells mtlGt be in 

eonta.ct \lith the rhabdom and thnt the si~e of tl1c cells is 

inversel;r related to the size and complexity of the cone. 

Thus, where the cone is well developed as in Liciu t the 

cells are reciprocally reduced to a small tailer111£:J mantle 

covering only the upper parts of the cone, while tho 

accessory cone and rhabdom are in contact . In __h!loaoia, 

where tho ooneo are moderately develope0. 1 both the cones 

and their cella are in contact w1t the rhabdom, vhile in 

§tr:eptoccp!! __ lus, here the cones are relr.,.tively 1)oorly 

developed, tbe cells continue be low the cone and themselves 

make contact i th the rhabdom. Accordir.£ t 0 .i!arker, 

( 1891, l>• 6G), the oone oells always rea eli na fer us the 

rhabdom. Presumably by thie was intended eith· ~ .. the 

cells or the eonee. 

The relation between the lor/,•r end of tlw cone 

cells and segments and the upper ena of the rhnbdon nnd 

retinAl. celle varies. Primitively the cone cello nd 

their secretions - the cone O(•[!ments - were eitbcr or 

equal extent, with both the ccrv: cccretions an d cono cells 

in cont act '.1t th(!' ur>rer e:r:d c;f the rhnbdom, or ;,.11c cone 

eecretiont~ ll·\y not have attr-1.ned this :Dcl"_gth,. eo that the 

cone cells nlone would have been in contact wit the 

/rhabdom 
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rhabdom, as in StPeptocepbalue - see p.~ ·t this 

level of contact the retinal cells Pnd rhabdom erAcd, as 

did the cone structures. Typically the cone c ello are 

reduced in l'eciprocal relation to the degree of development 

of their secretions, so thnt the cells are no lor~e~ in 

contact wit~, the rhabdom. The cone eecretionn , retinal 

cella and rhabdom end at the level of contact of t c eone 

secretion vtit, the rhabdom. There are aeve:t•.1 l u:-wep-

ttona to thi • The retinal -.:ells may extend U£1 1'lound tlfe 

"' cone structures for ~h~& distance. ,. Thia is tllt.:' c 'tue in 

Streptocephnlue (see p. s<1 ) and more m ~.Ilkedly au 1n 

Ph1loaci~ (see P· ~~ ). The cone cella may pabB Irregularly 

round the upper end or the rhabdom 3nd ~radually 1Jecome lost 

in the retinal cells. This 1s the condition d~:cribed 

by Schultze (1868, Figs . 9, 10), in .As t acus and l:.y J.' (lrker 

(1891, pp .. 85, 110) in ~rgulus ~nd Palinur·us. I n ttysi~ 

atenolepio {?arker, 1891 1 p. 83} it is the rhabdoncrea , 

wh1ch are extended up so that they lie upon tbc \t :lls of 

the cone cells for a emall di~tance. 

f':..ttc~1 (1886, p. 525) cons i dered th .t. the cone was 

directly continuous witb the rhabdom c.nd that it extended 

therefore right down to tbe b asement membrane. 

In this connection he consider-ed t hat tl~t cone cella 

were likewiac:. continued down to tbc b u.r;ement m~nlJi"~me . 

Although . :-d,.er considered {1891, p. l07) that cucl1 an 

extension of the cells migllt exist in Humal"Us, f't:wr authors 

/hnve 
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have made no mention of the ~Att~r. Tbe condit i on seems 

a most unlikely one, since it ~ould jeopardise t'1a 

generally accepted view of the rhn.bdom as a prc ..... \:'ct of the 

retinal eel a by 1ntcrpoai!ll: bct;"'cen the retin~l cella and 

the l'habdo the extensions o£ the cone cella. 

Lat e rally tbe cells are 1n contact vti th tl1c :11gment 

cells, where these are p~ese:1t. Frequent ly the limito 

between the two ty-pe a of cells become 1ndiet inct 1n 

L1s1a ( ae :J •~ ). The intercelluJ.nr boundaries o not 

appear to ~e attracted much notice nnd are tz :c·lly 

1ndist1n t. Above the coneo the cells coalesce in some 

cases as in J.~tgia (see p. S7 } but remain clear in ot·)ere as 

in Strei!tCJea • .>halua (see p .. ..,, ). .1here a part o:t tJe cell 

intervenea between the cone accretion and the r1 bdom, the 

cell bo'l.ll1.6. :t lee may persist below the cone e.s in "' t:t"lepto­

cephalua ( ~e p. 7 t ). 

The nuclei are r.enernlly cleArly visible d 

invariably distal in posit ion o.s .fer exfimr:le tn ·f''"'ol1.§. 

("lataae, 1900, Fig. XXlX); Gonod"'_q~yluf! ( ; P.rke 4 lu91,105); 

Ligia ( :~e 11tt, 1907, p.25); ~r-mchipus staennlli (~.oo1kor:r, 

1905, pp.lS --5); Eu?agurus ( ~ .. ckoont 191.3, p.31); Idotea 

(Peabody, 1939, P· 533) as well no in Lieia, Ph1lt ,cia and 

Streptoce:;>ll!llus (see PP• l'- ~-s,'/r ) and many o" ·lei' :forms . 

T11e nuclei vary in posit ion in r~:teren~o ·o t!1om of 

the cornG .1 hypoderm. In T~1eia they t.rc belo .• i1.1. Pbiloseia 
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on the same level, and in Streptoce~halus above t::o.:Je of 

the bypodcr·m cells. Typically the nuclei lie ul>ove the 

cones wit their position in relation to the hypoderm 

nuclei depending on 'tt.e extent to which the bypodcrn cells 

have ~een d isplaced by the cone cells. Primit i v ely the 

cone cells and their nuclei were belo'Yl t , oae of the hypo-

derm. 

The nuclei are oVAl or spherical, rcgulc.l~ in s hape, 

densely granular, with a darkly st£1nin£ boundury, with or 

without a nucleolus . They lt:;i;U~ lly 2 t nin less dcc:i)ly than 

the hypodero nucle i and are tencrally lAr[er• th ~ n these. 

The distal position .. 1' t:1e nuclei, togc::1er with 

the solid n~ture of the cone zecr~·ticn, dc .. ~incs t c cone in 

Crust ace:.. cf Grenacher ' .s ., -'UCone'' t ype { cr~:o1· • ...:-:1~r, 1879). 

The eye it:. ,' ~ypoda ceratoJ2thc.l~a w~s orip;in'llly C..v .cribed 

as an exce:pt lon t 0 t is and c.f' the ''pseu.dOCOJtic r' t rpe but 

tbie was su-osequently corrected l:>y Dembowski ( 19lj , P·513 

et. seq.). 

The cytoplasm varies in texture. It i s u~, .lly so 

finely gr .. ~nular as to appeAr l1ro.ctically unli'orr. 

Streptocephulus and r;;z"ei~, however, show c.xcept icrc..l 

conditions. In the former case it 1s L£ a whclc coarse, 

and stains very deeyly with an occasional unequrl staining ... 

of the cells in some of the ommatidia, ao th~t cnc pair of 

diagonally o-posite cella is more deeply stained t:ban the 

/others. 
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others. 

In !J.l:sis stenolepis (Grcnacher, 1879, P •l .L8) 

the cytoplasm ie coarse at the upper ends cf the cella, 

~ine belo~· The cytoplasm therefore shews no constant 

or characteristic structure and presumably varico in the 

individual, according to t he state c.f its seer tor~r 

activity. 

There are sometimes peculinr thickeningo in the 

cell walla, with their materit~l rcocmbling tll"t o~~ -.?h ich 

the cone a:.. c .f'ormed. There occur in Penea~ 

{Pat ten, 1,;"6, p . 28), where the cell boundariec (evclop 

sickle shrped thickenings occupyine the small n~ ce 

between the cell boundary and the cone. 

In Ar~us thickenings occur on the intercellul 1 

mernbranee below the cones (see Parker, 1891, p . 0;>} . 

These hav not been recor•ded for other &p~ciea nd. are 

specialiantiona. Their function is pres\lnl~ 'bl;; 

supplementary to that or t he cone, since tlJe t\ o z•e of 

similar material. 

Summery. 

The conspicuous, refrnctive !•crystalline ' cones 

are typically Pnd primitively c~itinou~ and solid r nd 

/ .1 l:e 
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made up v:r v numb(•r. or se:grrr..ntc, c.ach correspcndiP . .:! to a 

cone cell, ·s long whq~ inner nxis it has been sec:t:•cted. 

ThiG a1•rungenent may be partly· obscured by ooalct cence of 

the eelle o~ their secretions. The segments ar· O(lUal, 

symmetrical and of constant orientation. ~ ltl;o~.ll 

separate in tbe embryo and in some mt...li'orrnnt 1ono, ~" c 

segment3 ~1-'C typically approximated ~nd f' l attencu to form 

a single unit in each ommatidium. This is conic.l or 

more rarely elli-psoidal or prra~aidal. The perip1J0r~l 

cones s.re Gmallel .. than the eentz·al ow1n£ to tbclr late 

formation. Secondary trnnrvcree diviston of ti1e cone 

may occur .. Thie may be restricted l< O t·e secretion, in 

whicl1 case the two Imrta of tlH .. ::t·gr.!entu Mft~} be :;cpnrated 

by a portion o~ the cone cellc ·:~r contir.uous, or both cones 

and oolla may undergo d1 vision in an L.·rcgulcr tn'"l:tncr, as 

in tbe aberrant Lent odol'tl.· T~c :primitive nuub :.., a:£ eella 

a1>pears t o ., 1.! .four . This is t11e numbe l' typict.l cf 

alaeoat.r, c , ethel"' than r\::I•,..,e.;.ridn as w<.ll r..s ct \nostrac a, 

liotoetrac .... , ..3rR.nchiurn., sor.:.J (~onchostr~Jca nnd 01 .dceera. 

The Ferllcarida as well as t he vetr•acoda buve d{ Vcloped two 

cella, rhile the numbers three rmd five ~u·e rest1• .i.e ted to 

iaola.ted o:·oupe in which they .tre of v~ l'irble occ .. :.....·rcnce 

and appe .. I to be derived 1'rct"'l t .. ·o r nd. :fau.r celled i'orms 

respectively. 

Although the histolcgiccl <..Vidence hns been 

regarded na 1ndicat ing a pritJ\t ively tr; o celled C('"Yldit ion 

/of 
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of the c one nd a tendency to r:mltiplica.t ion r· the_· 

than division, it s eems probable that this is micl~Jding 

and that the cones on degenerating rni e. t \7ell l e vc nc 

phys,.olot,;1c lly disadvantageous rudimenta . The f"C- l'sl 

pbylogenet c position of th~ t· o celled types , toect~1er 

with the comvarative anatomy of the rest of t 1e ir cycn, 

points to the secondary nature of their cone seL,;nc:'1tation. 

ThUG the t~ o celled condition or 11Lracru:•idu apJ: ro to be 

derived fr the four celled t~pe o£ the remaininG 

~'alacostr c 1 while the t lft'O celled forms in Lowct .. Cru~tacea 

oocur~enee except in tstracoda and n~ l eas 
I / 

likely to llC primitive than he four celle d vari('l y. 

The U:?pcr sm~aces of tht! cells abut en t"1e lo :ret­

edgea cf. the hypode.l'm cells • nd ahou a gene.!.'!J l tm1aency to 

partial funion ith and d1~ylucem~nt o~ t he la~t r , oo that 

the cone . c .. L obtain a morl Ci .. lcsn ccm~)l t e eocond.rp··y 

c ontact ,1t the corncv eitn-..1· cc.'l~ rally or lat . lly. 

Typically t~1c remrJ1n1nt. bounduriea a1•c obaem .. e beth betr~een 

the cella themselves and laterally b etween tlle c nd the 

pigment cella, when pi•esent. 
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Primitively both the cone cells and thei:~ 

I 4 .3 

secretion.-, or the cone cells a lene, were in cor. 11ct 

w1th the U'1IJer end of' the rbnbdom. Typically the c<.: lls 

are reduced to a depth in inverse reJ,.ation to the s ize 

and compl exity of the cone secretions - that i n, 0he 

cone secretion alone 1a in contact with the x•h 1bdora. 

Primi t1vcly and typically the cone s tructures c c ... 1ce1~ned 

and the ret inal cella and their rhe.bdomo end at the 

level of contact of the rhabdom wi th the cone ccl.s nnd 

/or their secretions. Horl! c0mplic~\ted :lrl•: n.gemcnt e 

occur. The retinRl cella may extend round t hr: cone 

or the cone cells between tbe ~tinRl cells to a v arying 

degree, whil e in }!lYsis the r hAbdomeres extend up m.•do 

round the cone for some distance. Cone ancl rh. bdom. 

are not continuous but merely in contact. The nuclei 

are distal end the cones of the e ucone type. 

Primitively the nuclei we1•e }roximal to thoae OJ."' the 

hypoderm .. ,u.t t ypically th~ r e l ... t 1 ve po:::i t ion i .J changed. 

and deper&df' on the extent t c ;b ich the cone c elln have 

penetrated the hypoderm laye~ . The nuclei nre 

typically l a:rger than those of' the hypoderm cello, 

regular in f'orm, ovoid or spheric<tl• densel y r:;r mulHr, 

with a :fil~:·1 boundary, with Ol" without a nucleolus~ The 

eonditton 0f' the cytoplasm is very varieble. 
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!PC ret1~~1 cells. 

The retinal cells·nre or t wo typcn. The true or 

proximal retinol cells are unipolar, : i [: •. lcnted nerve-end 

cells,. each the genel"ntin£ cyton o:f an O:?"tic nerve fibre 

and each bearing. an axial rhabdomere ot· :.:•od. They are 

grouped in retinulae, one s uch group lYL'le .bt.low the cone 

1n each ommatidium. The second type - t:1c distal 

r etinal cells - are derived from these, heve lost 

their sensory function and V11th it thei :• -'lwbdomeres and 

nervous connections. They are displaced to :form pigment 

c lle, lying around the cones and sheathill.f: and eeparat-

1ne the ommatidia. Thel.e latter cells ··;ill be 

described in connection \Tit ' the acceo~~ol~ !ligment cells -

The.nroximal retin~l og~ae cell!· 

The number or proximal retinal ser~o cells varies 

tro four to eight nnd lies ·outside t he e lirnita only in 

vr-:.•y exceptional c·. oo • 

,\mong the loy; r Crustacea the nunl) {· five is 

typical, while four cells ore frequentl~ _cund as a 

result of the degenernt ion of' one or th<. e . 

Among the Anostraca five cells bnve be n dcocribed in 

~.: _!lchipus in the following cn .. es : Itt.:: -;9_;11J2US ~. 

( Gr~nacher, 1874, p. 653); B. vernalis (: · tten, 1886, 

Pl . lV, Fig. 32); B. staanalis (Nowiko~f, 1905,p .432 et 

neq); ~el1dus ( Howland, 1911, P·l47). 

/are 
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present in ~treptoc~~l_!plus. Brnnch1puc .-:~o deacribed by 

p J:>:1ngcnberg ( 1875, p. 31) ns hnving fotu" .::ella. 

~oasibly an error. 

This is 

Among the Notostraca Apus is descrD)cd as having five 

cells by Grenacher (187~., p . 653) and l' -·l:cr (1891, P• 75}· 

#cnlte ( 1908, P • 236 et seq) c onoidered t h t thei•e were seven 

(•ells in ".PUS product us. 

Fiva was described by Parker (1891, P•l7j) as the number of 

retinal cells in the Conchostraca. Nc ikoff (1905, P •432) 

deocribed five cells in Limnadia and pcinted out that these 

wez•e occasionally !'educed to four. 4\r:ton~; the Cladocera 

five cells were deeeribed by Parker (1C91, p. 76) in Evadne 

He pointed out that one or these h~d a tendency to 

reduction. Tech~qancff (1913, P•35G) dencr1bed five 

Thc·numbrr of retinal 

CC'lls in the Branchiura ... ao described by p ... l,ker as being 

fiv·e - in &'. reulus ( .t.'rrker, 1891, p.83)- ··!1ilc Herter (1928, 

P •l59 ct seq) described rive cells wit 

Uo deocription or th . l'etinul cella i n 

~"' 
~- tendency to "four. 

~ trncods is avail-

o.bl e to me. Thus with the except len G..':' the seven celled 

, e oc1 ipticns of the eyes of the lotier C!.'l .... ~ vcea, indicat e 

th condition of the retinula group as . .'iV(;-celled, except 

in thoee i'orms in v1h ich there is a ten~c.:.cy to reduction 

or one cell. 

Among the Jdalacostracn the ret inul rroup is seven- or 

/eight-
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cirht-celled e Ql:cept nmone some ci.' the ... )e;- :. curida. 

Among the division H1yllccarida, seven. c:ells are 

typical, as in Nebal~ (Claus, 1888, p . 1 ct seq). 

For the Syncarida Renstrom's d~ ocriptio:c c:.· the eye of 

nqp;Eides ta_?mania_g (1934, pp.l et seq .) is not avail-

a.blo. Among the EucRrido. seven cells ~ ·r e typical 

ot Euphauaiacea (Xorscheldt and Heider, 1899, p.l67), 

while among the Decapods the number of cells vat•iea. 

Among these eight-celled forms are comr .. on but show a 

tend.ency to reduction ot: one of tl'H~ cclln, ~.1s in the 

following ! Homar_B!. (Pa:t''-:er , 189\t , P·21)} Cordioe~, 

JJ.tl2P~• Paleo!J!£.~~te~.t Pttlinu!'U!, Cambll£!!b Qranson, 

Cancer (Parker, 1891, pp.llO, 111); Pllo.cmol}. ( Steele, 

1907, P•l70); Eupae-~ (Jackson, 1913, p.l.a) A seven 

celled conditton i n vre::-umably formed b"fr the complete 

:r(:<:uction of' one or t:1e c.·ells or the eir_1lt celled type 

.,,c;vcn cellfl occur 5.n the 1"ollowing Pal.1_Cr.:!;?.n ( Grenacher, 

1877, P·32); Aetacu~ (Ca~riere, 1885 , p. l G9);Peneaus, 

QnlE!~a, ~asuru~, (Pat~n,1886,pp.5~l,G4i ,643); 

O~abarus ("Vfatase, 1890, P• 298). ~,om• .ells have been 

r >~.t>ted in ~~ti~ (Leydig, 1855, p.4G·:) .:nd Homarua 

(: J .-ton, 1873, p. 333). Purker (1890 , :_; . 21) considered 

thnt his observations on Hom¥'Uf! discm.r::tc(t those of 

Nc-:~t on, and pointed out tha t the four* celled retinula 

in Decapods , as described abov : , had r:.~--:t l)een substan­

tiated by any later ·work. If a four ceJ.led retinula 

/oceurs 
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1B possible that the f'our oided n a ture c_' the rhabdom 

- ace P· '•s - was r-esponsible 1'or the b~..-:'...i.01' thht the ....... 

l"' · inula was composed of f'ou1· retina l e:~. .!.. la . 
._:.C:,: 

Among 

the Hpplocaridl;1 thel·e ul'e seven cells 1ri .Jquilla 

(Orenacher, 1877, p. 33} , ( Uickson, 188.?, :.:> ·.34l,F1g.2), 

while Parker ( 1891, p.lOl) deocribcd ei,~ t cells, one 

o?. which was rudimental~, in Gonodactylu~. Among the 

Pcra.carida, the Mysidacea retained the ci__:h t celled 

rorm, a e in Mysis stenqlcpis. in which Pnrker described 

eight cells, one ot: 'Jh ich io reduced ( .. ' 1·ker ,.1891, 

p.lOl). Lang (1891 , P·355) and Sedget~ iok (1927,P·330) 

in their textbooks des cribe four cells i n ..,:ya is. Here 

ln the Decapods it is probable th _. t t h e nurriber of 

c t.l:;.e had been -~·.rron[ly n!. sumed to corr r:: . ond to the 

:.. ~~.., ~,pent number o:f r:J·-bdom divisions , clncc, f'or example 

in ~ysis stenolepis, the rhaudom is s~~ c and divided 

1ntc :four smaller· squarco - ( Gl•t.nache.r- , 1079, 1879 ,p.ll7) , 

( Pnrlter, 1891, p.l02). No descriptiuA. 01' the condition 

1. ..... Cumaceo. and Tanaidaceo. i s ;J.V ~ i1able ·v ,:1c. .Among 

t • two remaining orde·.:>!l t Ioopoda a nd .. cr_.,h ipoda - tbe 

n.umber of' cells 1s very variable. The : · opoda show a 

more considerable variation in the nunib. P of ce11a ·:than 

any other order. The nurribez• variea f!'om .four to 

S<'Ven and, in one exceptional cose, r Ec c!1oa fourteen. 

Four cella have been des cribed in Seroli~ (3eddard, 

1887, P · 451, 1888, P•27). The eye in t:1 1s genus is 

/clearly 
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clearly exceptionnl both in this and in :,"!:her respects , 

see p. 14o • It seems probable th>-lt the cmall number 

o~ retinal cella in this ca e i s due t o ~o~,ard 

m:L., ,:,•otion oi' two of the retinal cells, ·to _"'crm distal 

:a.~, ·tin al pigment cells - oee P• \9° • Fi vc eelS have 

been repox•ted in Sphaeroma (Bellonct, lCtn, p . 98, Taf. 

71, Fig . 2). Parker, ho-.vEver , g ives tbe number 1n 

this genua as seven (Parker, 1891, P• 95~ Pl.V, F1g.58) . 

SiX cells have been described in the follO"..tine : 

Arcturus (Beddard, 1890, p.368), !doter il•rorat!! 

( Pnrker, 1891, p. 87}, L1gi~_££eanica C!c ·it t, 1907, 

P•24), h_nP-talens1s CP· 4""' ). Seven cells_. with one 

" cell rudimentary and C1( nrly degener tte 1 ·1itl1out a 

nucleus or nerve .fibre , nrr described i .n Id.otea 

~~usta ( Parker, 1 891, P • 86}, ( Peabc~r l)J9 , P•528) • 

..., ,von cells occur in the f'cllcring ; t.s_r_·c.,.:..;;;,.;;ll..,.;;;i;..;..o 

(l'l' nacber~ 1874, P• 653), ( Parker , 169lt I> ~ 86), 

( Beddard, 1884, P·21); Cymot1 oa (Bullvl·, 1879, p.513), 

(Lattin, 1939, p. 417 e t aey_); /. ego. ( ~ea. · rd, 188ff, 
\"'iql 

p . l.J.t3), (Parker, 1891, P • 95); ~phaercn ( ·.· rke r , ,_ p . 87, 

~- · V, Fig. 58). Jeven cells &lao eoc~ in Philoseia 

{ p . bo ) • Fourteen cells \Vera deacribcc in Tricboniscus 

austr1~ by Mehely (19 27, P• 82)· Tilia numb er is 

clearly aberrant and found in eyes wh1c~. re degenera te. 

The primitive number or cells in Isopot~ i s seven. with 

t he ri~e and six celled types derived :rom this by 

degeneration, while the f()ur cells forr . ic derived from 

/the 
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fie six celled by upward migrntion of' t · .o c1' the 

CE.lla. 

The Ampbipods have either i'our or· ::'ive cells. 

Five equal cells h ave been r ecorded i n "" .. he following : 

.!JYPeria (Grenacher, 1874, P• 653),(Ccr ricr e,l885, 

p .l60); Phronima (Grenacher, 1879, p.ll2), (Claus·, 

1679, Tat 65, Fig. 77); (Carriere, 1885, p .ll4); 

Ganmarus (Cuseans, 19C'4, P·31); lli.._gh!crFe~ (Huxley 

& Wolsky, 1933~,- ~· p . - 587). Pive collo, of which 
I 

one is reduced or rudimentary, hAVe bee~ z·ecorded in 

fb_ornatus and Talorg_~-~stia longJc~f>. (. •nr::er, 1891, 

v•7l). ~our cello hove been described ~n OXYCQEbalus 

( ~"'l · lue, 1811, p.l51), in .\mpeliscidee ('') 31la Valle, 

l ; J, P• 94) and in ·r~JloPchec tia sp. ( : t .oe, 1890, 

Sara s tnt ed that there were ~OtL cells in 

Gammarue ep . but l a t er inveotigators hnve .;iven the 

nt~ber, possibly f'or other species, an ~- 70 (Sars,1867, 

P. • 61). Thus five cella t•re typical o:: r. :1hipods but 

t h -partial or complt.te r~duction of vr~ o~~ these cells 

i n round in some cases . In except ion'"l n<l r1be1"'rant 

casee the number of cells may be furthc.l' r duced as in 

o orne mutants in Gemmarus ch evrcuxi (Huxley ~.nd ~1olsky, 

1933-~'_.·- ~ PP • 383, 387) where the-re o.i"'c onl y two or 

tbree cells. 

Thus among the l aw· r Cruot ocea t b J t~r:;ic al 

condition of the rt-tinul~ ts a f"ive-cellcd one witb.t4.a 

t endency to reduction of' c-ne of the cells. The seven­

/celled 
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celled condition d f>scribed in \Pus product.11!~. ( tenke,l908, 

p. 353 et seq) is probably indicat 1 ve or m. ~1ccstral 

forL v1th a larger number of retinal cellc tl1 n are 

found 1n the remaining lower Crustacea . In the 

Malacostraca the prim it 1 ve numb~r 1e e it:l1t y 11ut t is is 

com.rlonly reduced to seven in Leptoetraca, -:uphaueiacea, 

some Decapods, Myeidaoea and Stomatopodo. In \mphipoda 

and Isopods the retinal cells have evolvcC ~cparately 

from those of the remaining l.ialacostrs and ll•,vc under­

gone a series of reductions , so that in r.s c~oas the 

number varies f'rom seven to .four and in ~mphipode five 

to four . 

There appea~ to be no indic~tions cf 1dition to 

the nur~tber of retinal cells . There is no cviclence !'or 

rcet t in the cells o! reduced size comr.tGT! in Crustacean 

ret1nulae, ao newly added, by division, cr conve , sion of 

the original eye cells, or irru.tigSts t ion ot' ncn cells. Any 

added cells would presumably be provided \:lth nucleus and 
be 

ne1•voue connections and probably,. of the sn .c- o iae as the 

orig:t 1 cells. 

~1e rudimentary cells i n the c ases eive·1 nbove are 

elcarl.y not newly added but degenerate - the;; are often 

w1thout nucleus, ner vous connection or rh b< c~er • 

It ie suggested thot the ancestor of t11c Crustacea 

had n well developed compound eye w1th eitllt rct inula.r 

cello. In the lower Crustacea this numbrr ~o presumably 

/reduced 
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reduee d to produce a five celle d t ype, with a f urther 

tendency to reduce to four cells. Haneti•on (1933 ,p.387 

et seo.) related this r educt ion to the pe l1.1 1:ic habit of 

many of these forms. I n the Ful acostroc n. 001"1e of the 

deae ndants retained t he e i ght ce l ls , but th-. ma jority 

tended to lose one, while some or t he Percr :.•ida lost a 

l ar£ 1...: • numbt. r of cello, and s o evolved i n t 110 respect 

~lO!lfi u cource parallel t o th~1t t r~ken by the lower 

Cruot acea . 

Parker ( 18011 PP ~ 124-127} , on t he ct;: _ hund, 
ul 

oonsider t d that the five-celle d c ondition o·? the ret1~a 

was the. primitive one, ~nd t hp t the Crust cc. ther efore 

show<: d a tendency to incrt.aoe in the numbc 1• f'lf r e tinal 

cello. He adduced as evidence, thnt t i a ; - .o.J t he number 

tound in all the lower Crust acea, as well o in some of 

the hi gher forms - Isopoda and Amphipods . I t aeeme 

more likely that the f'ivo celled condit ion iP t he latter 

is s econdary and due to th general degercr tlon, Which 

appeorc to have affected these eyes, and hicl is a lso 

rc:fleeted, :for example , i n t'he loea of t he oto.lk. ··lhile 

he ndMitted that the f i ve celled condi t ioP or t he 

r et1nuln was not more freQuently aQsoci~tcd ; ith t he one 

cond~ii- on of the con~ or hyp• derm, than with another, he 

conc·i ··cr·ed t hnt the five ce lled t ype was r <~ 'J c om!"nonly 

found than any other in conj unct l on with thooc conditions 

of the rhabdom, which he r (• go.rded as pri oit i v·. - that is 

the f'i ve celled eond1 t i on as genernlly n G\: Cl ted w1 th 

s epur1te r ! abdomeres. He £UVe as cxnmpl(B o: t his­

I -·~us, 
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Argulue, Garmnarus, Talorchest ia, lLyperia, hronim!! -

{Parker, 1891, p . l26) . \pnrt from the f nct thnt the 

Branchiura are in general Abc~rant f orms, it is clear 

that ~1e condition 1-n ,upbipoda is likcl:,' to have been 

d~le to sec ondary de gene --·;t ton. oreovcr i'uoed 
I 

rh~bdomeres are net m1co~~on i n five-celle~ types as in 

Brancbipue (Howland, 1911, p . l 47) and l!!:Q,,tocepbalus 

(oee p . r tt ) • On the bt le it is eugr:-eLt d t~lr t Parker's 

vie s "ll?C not a~missable, tht t t l1e pri::nitiv~ n-,vnbc.r or 
c llc .:or the Crustacea H3 a llolc is e 1{ 1 t, "'.u t there is 

no eeuer al tendency to incr· ee i n the nm·b ·· of ret ina l 

cells, that a reduct ion aeeme to hflve oc c~ _ .. _ ed more than 

once in evolution and eeems t o be a fairly r> pid process. 

There is no anatomical or embryolog1aal evidence 

of the format ion of the Cruet nco an compound eye .rrom 

separate o·cel1ar units , within the limits of t he Class . 

It remains possible tha t the eye was ~crmed 1n uome 

pre-crustC\cean ancestor by a coal escence of unit.a each 

w1th numerous retinal cello. If this 1e the c ·o the 

single r~ ,,ce d cell commonly .rc.und in the ey of' 

Crust ncc t.,-qy be a persistent indication of an i'>Cbaic 

tendency to crowding out or ovt.r numerous reti:t.:. l cella. 

On the otbor band the reduction in t he numb ,.: r or cells 

may be attributable to a aeries or convergent <Voluticns 
.I 

due t o ti < lengthening and narrc 1ng vi' the c 

and th~ ci~ease in size or the low r end of tbc ret inal 

group, aQ n consequence of the increased exterP 1 

I connxtty 
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lJr•im:~ively in each om~ .. stidium tbe cell c ·:-.·e 

probably all of e qual size, and arrnn~ ed sy·:-r ct:..."\lcall;r 

about a single longitudinal axis, parallel t o t he 

longitudinal axis of the eye. The grt at development of 

the conea and consequent convexity of the ext cl'l"l..fll 

surface, in conjunction with the r e l Atively er.all 

tendenoy or the deeper parts, and especially of the 

optic nerve, to copy this expansion, r esults i n the 

radial convergence of the ~motidia at their l~1cr ends, 

to the point, where they join tbe optic nerve. The 

r etinal cella the r efore typically t end to dec1 3C in 

size to··. r ds the lowPr end or tbe ommatidi um. 

The ~cgularity of t hi primitive arranget"Jcnt nay 

be obscured by loes o:r cells, by their partial coalescence 

or their d iff'erentiation into groups. l~nrtiul looe of" 

one c ell iu ve r.y f're4uent, ae pointed out above . In 

L1g1a n.ut .... lcnsis, for exampl e , the1·c.. ie a pa l't .:ctl 

coalesce.~..j.ce of two of' the cells towards the b ...... ·c or 
l 

the eye (oee p.~J)' while the r etinal cells ulto 

exhibit a tendency to f'all into two groups, c· t..;:woed of 

three cells each~ Similarly in SJ?haeroma (l rl:er ,l891, 

P• 95) the cells are differentiated into· two groupaj the 

one or th~e smaller cells, the other of four ltrger. 

A similnr arrangement obtains in Penaeus ( Patte:1.1886 , 

p.631-), in which three of the cells nre leas deeply 

/ pigmented 
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nre el~arly secondary. 

I 5J . . _"J 

These e cr.u: +-ions 

The relations betw• en ~he end~ of the rllabdon, 

the con~, the r etinal and cone cella, hove all~. dy been 

discut. ed - eee P• &36 t their lm~· r end .. the 1•et inal 

aells p ~ t hrough the b ot.er..ont r:tembrnne, Wllt:.."1 they are 

generally slightly constricted, to becoue corti~\uoua 

with th nerte fibres below. IJP.t erally the cello ot 

adjacent ommatidia are always diot inet. Prin.~t :.vely 

the adj< o .t cells within an o . ut idium 'll'e p. ou.'1 l>ly 

dlat inct but in general they run t ogether to ·-· ter 

or lesser degree. Although portion or their c J:"!.tlguous 

lateral ells may be obliterated, the number o!' c lls 

is clcarl.y apparent and the ommatidium is co:rl'i." !"'.ted 

in outline. In transverse sections the incividu l 

cells arc petaloid and symmetrically a.rronr·ed bout the 

central rhabdom structures, except in the. cas o or the 

individual cella, which are in the couree or ane neration. 

The p eripheral om.~atidia ar fr quently alirhtly longer 

than the central. 

Xj1 nucleus varies in pooition. It 1c Fi oximnl 

in the fol .c.wine : Esther~!! ( 1 Cl'1::ero, 1891, p. 7G) ; 

Gammarus (.Jussans, 1904, p. 31); Gnmr:2arua c:1 Vl.:_cu.x~ 

( !Iuxl ey etnd \folsky, 1933-:' ~- .• P• 36'±-); :.imnf eli':.­

( Nowiko!':f, 1905, P• 432 C;..t. Se!l •); l.i gia OCC..lli...£. 

(Hewitt, 1907, P• 24); ~ rsulua (Herte1 .. , 1920, !·· 1]9 et 

seq. ) . It ie distal in the follow i ng _)ec apcc....: Uerbstia 

r. cydig 
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(Leydig, 185?,. p.4CJ8}' Pa.leOLiOnt. te~, c~. :.~&rus ( : ~ -·r~ 

1891, p.ll,,), Ca.pcer (Pearson, l9C8, P• 159), ·, ·•·• t:;~uo 

(Jackson~ 1913, P• 41}. Distal nuclei r.-lso oc<. ln 

Branchipu 
0 

\'Towikoff, 1905, P· h.32}, (Po-;;lund, 1~J.:_..,hl47) 

and in fitr ptoceplHilus (see P• ~4 ) umone the lc. ~ 

o:x-uetaaea, as well as in the ~cCr.tpo~..1::; mentioned ·L>~iYe 

nnd in =)tortrt opods ( Parker, ll91, p.lt. G) r nd sc.r. Ie opodS 

eueh as Ph1loacit ( aeo P• !"'f ), ':'~~one the 1 alaccct~ .c .• 

A central . ueleus is found ir.. :Jerolio(Bcddnrd 1 28 1 p .2l) ~ 

In Li s1n ; lenaie ( &ee p. L,-3 ) the pOLiticn cr 1..1c 

nucleuo :: rs to vary even · ithin the cello cf .. tngle 

o.ll."lntidi, 1• This i a ulso t .c cu.~e in l'cnaeH§_ { tten, 

18B6, p. 631). In satOO cases the nuclf-ua ht\e bc-..n 

recorded proximal to th b cement menbranc . n 

Talorcht. t . ( ~, ntaee 1890 , 1>- ~C), 1n Icictea 1'"1 .tn 

(.Parker1 1 91, i?l . V, Fig.. 48) und ·.rcuJ.~ ( _<jnr ,l'"J91, 

P• 83). Tll conditlcn in :.rguluo io not ccntir-ncd by 

fix a pr11':l1 ive or typical position :f'or the nuc cua,uoz' 

does there em to bo acy constant variation i~~ ... be oiae 

of the cell .Jr rhabdom, which m1ght indicate t h( -·imit­

ive position, although the nuelcu~ io !'rcquentl.y lcc .. ,tcd 

in t.l a oll('"A region of the c 11 ( J c1::3on, 1913 1 : · 4 /, 

the poeitior .. o-r this varies ith t.1e posit ion \'? the 

nucleus. !rho displacement o£ thf" nucleuc bel;:.w t.1a 

basement 

variea in .... e tind e httpe. 

The nt cl, "tl.G 

In ut cnntopodo (.tJ,l:.'"l: r,. l891, 
,.., l r , 

1 _ • vv 
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p.l06}, as in Eupagu~ (J tckot'n, 1913, p.41):. 1'· is 

large r l r ttve to the cell. In r.ost other Ct. the 

nuclei pp ar to be of normal eize - thn t ia, the 

s me ord! 1 of' siz as the cone cell nuclei, c • n r~1£1a 

nataleno s and Streptoceph lus (o< e pp;1.3, 7~. TjJc ;.ucleus 

may be reniform and elongated as in Uysidacer ( .~er, 

1891, p.lOl}, o~ oval as in Br mchipua gelidu ( ilo\'fl nd, 

1911, p.V~7) or spherical to ellipso1dol as 1I . laia 

nntalenntc (see p. ~3) and ~t~cptocephalua (s c . ~~ ). 

'?he nucleua 1a frequently surrounacd b · a.n out • ... , a rkly 

staining l~er and contains distinct chromatin tc~1al, 

with one or two lo.rge nucJ coli , afl is unual 1n ocnae 

cella (Tiuxley o.nd ~olaky, 1933, P• 381). guc' ntructure 

hae bet.n { .. ~a~ribed in all c .oec, in 7111ch nt v ! t ·.on baa 

been .:ai c the deta i lz ~.·-z tlH'! nuclcm- atrl'Ct ·1• of the 

ret in 1 c lls, and "r npp .l'cnt in I b iloec 1a !.t:d tr~ pta­

cephalus (see pp. s~·clt) 

Th cytoplasm generally ap::_1eru•e t ·-.: be 

coarsely nd densely granular aa in Li e 1a, .Pl.i~ c.1Q 

and . .>tr _t.Jcephalus (see pp. ~ 3.5"'1;1w~ The coarecr· :f;iono 

or the cytuplasm consist of' _.igment eranulee t i'or the 

most po.rt or more or lees uniform eiYe, uith .... e 

larger ~rLnules scattered among them. The povition 

of the pienent in the cella varies acccrd1nf. t · the 

light. BQ study or thia was attempted. In nni _ ls 

killed· in light, without epee lal tr atnent , tlto p if!'t'ilcnt 

io generally found round the rh..,'bdom, to ardo t ile out­

/aid s 
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sides of the cells and along the basement mer :bl" m~. Duch 

a diatribution baa been described in ... i s; i t. , -1 il ociu and 

Stre12tpccphalus (see PP·~A.C.0,1t,l. lle\litt suvpoau .. t' t in 

Ligia t.t.C nica ( 19C7, p. 24) the pigment, whici! nppears 

' to lie ithin the retinal cells, is rt.ully l oc 'ted in 

proceaee of the accessory pi gment cella. T!lia does 

not seem to bave been suggested in other casco !UlJ. does 

not appea~ to be the ca.ee in Ligia n ntalensic (a~c p.4.a. ) , 

1bere t he pigment gr nulea clearly lie, withi~ the retinal 
. 

cells themselves . The pigment cont n1ned H1thin the 

retinal cella is typicallY' a blo.ck nel anin mote.r1nl . A 

red p i gment usually preceedo this i n d~velop~c~t. 

Further particulars of these pi gnents are givc.n 1n 

c onnection with the accese ry p i gment cella , in .hich 

they a l ..... o vccur (see p!1.t9o ) • 

:r.c l·Vc fibrils, continuations or the optic .nerve 

fibril , ere sometimes apparent us longitudin..l otrcaks 

i n the protoplasm of the retinal cell.G. Th c h ·ve been 

described in Branchipus and Lir.tn.a.din ( Uowikoi'!, 19l'.J , 

P•432 et aeq.), 1n Apus ( ienke, 19u8, p. 236 et oc•) , in 

Branchil!tl eelidus {Howland, 1911, P·147), in i;;ia 

oeeanic~ ( ... Iewitt, 1907, p.24) , i n Eupagurua (~,. c·:: .. on, 
C\,~-

1913, P •4J.) f\ in Argulus foliaoeus (Herter , 19~c ,:) •159 

et aeq). These nerve fibrillae we1"e seen 1r t:lc 

x-et inal cells of ;hiles cia - see p. '" In Eupr ::~..:1!!1. and 

Apus the fibrils are described ae running up th~ cell to 

form a loop round the nucleus. hethcr or not the 

/fibrils 
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fibrils actually enter the rhabdom is que"sti r.:.<..·;~le. 

This ia discussed furthe·r in connect ion with tl.c 

structure or the rhabdom - see p. tt& • 

Innervation of the eye. 

The views o-£ the earliei· 'lutbcrs regarC:ing the 

innervntion of the eye hrvc nlr r dy b :: c.n d~rlt ·· ith­

aee pp.1o. 1~. S ome considered the cone, aom tl - r t inal 

cells t'te scat ot: seme :x,. rcept ion. l'attc: (1886, 

p. 641) cc .. tributed his evidence in f'hvour of t:1e fcrr.1e r 

\'"iew but considered all the cells in the onr:otidiUl:l as 

innervated. It is now cenerally c onceded t l. -:; in all 

Cruatncc ~ vnly the retinal cello llJ.~c inntl'V " c· , in 

that theY re the ne1•ve end cella 0'£ the opt ic .. .LCl"Ve 

:fibres. The retinal cella ot• a sinele or..t t:ttium 

run together below the basement r::te.r•bronc ond :-.·u.!:. a a 

single :fibre in the optic nerve. Each nerve :..' .!Jn~e 1e 

made up of a number of ~ibrils contnincd in p: :ented 

sheath. The pigment 1a more concentrated nc· r tJ1c 

basement membrane, end is fin~lly continuoue ··ith thet 

deposited along the inner side of the membrrno ... see 

Parker (1891, p .ll6) . 

Ganglion {ells 

G: ·~1-cr. eel lEi ar·e £.;CC Lion llly r cund .l:a the 

b·asement ... e ~b:r£ne c.nd 1-:catt c1-cd t"r:o.r~e the r~?~ in 1 cells. 

Schatz ( l929, p. 551) and l~u."<ley nd 1 oloky ( 1: ~.)-": ~ 

IP ·3Ll 
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P•39l) h~·.re described such cells in Ga: marue ci-·cv ... --cuxL 

Schatz c0naidere that they arc ordinar.r eanglian cells, 

, :hich h ave migrated in and degenerated. TheL"' ~~r nence 

is/:ityp1cnl• 

Summa:cy· 

The retinal cells arc o ... .' t · o 1: indo, the _ .. ·oximal J 

r et inal cor.se cello, the £ ( : .. e ·at in[ cytons m· the optic 

nervt- .:n~ cs , nnd the distul, rc tinnl .Qit:ment c·~llo, 

derivatives of tbe tormel"• It £Lema probable. th .., t the 
-reK nd I se-nse 

anoeator of tbe Crustacea wan provided w1th ... c if)lt ~cells· 

.::\mol"..g the lower cruc "acce. seven c~l l ..... · .E in in 

Otherwise the cellc hrtVC reducc0. in number to 

five nncl eorr.et1raes to i'cu.r. .mong the . l uoostraca, 
Ce!J 

the cirrht cells may be r e t ained or one"whcl"Ly or partially 

lost .. This loss of celle i s carried furthe~ in Iaopoda 

and ll::lphtpods in conf'ormity ·;ith tbe gencn.,·1l ~C"ndency to 

dePenoration. The Ieopodc hove rrom four to seven cells, 

tl1e .Amph ipods from f'ou1· to i'ive. Dome irot .... ncea of 

excertionally l a rge ane st.u.l l nurabcra are c iven. These 

are r1re and aberrant. 'l'h<: .'t' io no evit.t.:'ce of a general 

t eru:lr. y to additlon c:: cells by div1sio4, c .... nvcr·sion, or 

1 . ;. . ' tion. ThE; reduced cells are c!"ten Ji thout nucleus , 

rl1 ~, a~.1ere or nervous connection, and a1 .. c. cl .. :-:rly 

degenerate. Par·ker'L view or five ae the p:·irnitiv e 

nQ~ber o~ cella is reject~d. iieducticn . __ :e rz to have 

occ .r·. >d more than once ::tnd is fairly r a:r:: id. l'he 

r ed ,..t ton in the number o.r cells may be 6-t.: .... t;) the 

pers1at~nce of an archaic tendency to red~ctlon if' one 

/assumes 
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assumes that the eye ne bu i 1 t up o-r a m.mb• · r of separate 

unitr • whose size, on n;(proximntion, woul( p~ -:·Jirc- reduction • 

. \1 t ::l.1 t e l y the r educt torm may be t. s r.rier- o.i"~ convergent 

evol•.tv'!.ons neces sitated by the len.e;thenil'l[· nd appr-oxim­

ation of the inne r endL or the o~tutidia, in rela tion to 

an 1ncr~ased external convexity. .t'rimi t i vcly the cells 

are O( Ual in size, symmetrical and erranr(u JOut a single 

l ono1tudinal axis . The convexity or t he ''i.r'v•.:>r surface of 

the .._yc imposes a narrowing on th~ inne~ end:" of the 

r et1nulae. This primitive nrr~ngement i~ )~Ocured in 

eom~ c sea by the lose of cells, conlesccnce or grouping 

with ifferences in the aize or pigmentation or the cells. 

The relation of the upper end to the cone o Doratus has 

been described on page \ .3& • t their l oo ends they 

arr.> contracted, pass t~rour:h the basement me. ··brane, qnd 

a~~ cont inued in the .optic nervet ench fibrt: or wh ich is 

formed by the runnlnf" tG('et'her of the nervc•1s continuations 

ot tb~ retinal eells· of onr 0f"""t1~tidium. ' . t rally 

ad.1 c nt cells run tc('ct·H"r ~ 1 thourh the !l.i.' ibc1., or cella 

rctin~:la . In large ey(.S the peripberel t. : tidi a are 

long~r than the central. The nucle i ~rc V · ry variable 

in ponttion, shape end size. They frec..u ntly lie in a 

s wollen region of the cell . They al'e i l'>tNillcd with a 

d .1 .. 1 ;- ataining wall , densely [rr .- nular cu:i n.;u , nucleoli 

and ~il.y viaible chroClPt in UlJ=Itcz·io.l. ~ · ey toplaam is 

.1~~· raely 
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-coarsely and densely grnnul or and contnino p i £:ment granules 

of' diff'erent sizes both in the cello nnd t :· ...., ir nervous 

cc..rm ·t ions. These , l'e distribute-d ace ··d.in~ to the 

The pigment is typ1call!r . r..cl anin. This 

may b(* preceded in d velopmcnt by a red r.1~ t .. •lal, diecuaoed 

:further b £ low - see pp. I'Ta In acme cuses t11 ""'lcrve 

fibrillae are seen to pass !'rom t11e nerve _ · ol"'CG through 

t ho cytoplasm of the retinnl cella. Tl:c;:r r e not known 

plt tcs . 
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Each retinal cell secre t es a l one i t1. i ~Tler border 

a r od or rhabdomere. The reds of a S iP~lc ~~tinal group 

mny .. , come mor e or le: o a: prc,ximated an d ~~~ ed t o f orm a 

s i n.p1 r h abdom; in wh ic.1 the origiml pal"t c 1 .y or may not 

los their identity. 

Occasionally these e t r uc t urea hav e lJ n a t nted to be 

aboent, for example in Pat1nur~t.reus nc o cribed by 

11r .. 1184c, P· l5) and Parke1-- (1891, p . lll) ~-w~~c is 

o J ~:: cnt ly no rhabdom, unlet-a t h ... r. r ansp rc.lt , llXi al part 

or e aeb retinal cell can be rcea rded na rcr):.·(~ onting a 

separate and degenerate r habdonere. Typicnl lY a rhabdom 

ia pr s ent and ita apparent absence may be due to 

d1~£1culties of preserva tion or s t a inine, 

The number of rhabdomeres must priMit ivel y have 

corresponded to the number or r eti nal cel~v , ~ncb cell 

giving rise to a rhabdcmcr along its i nn k' , longitudinal, 

axial border. Thio condi ticn per a istc only in cstracods 

and Br nchiura among t he l ow ·r Gruet&ce n - ( Jee r er erences 

b elo\ 1 • Among the h i gher Crustacea a f:'ii-1.1~..r condition 

f v .t :t.n s ome I s opod& ::no . ,mph i pods i s clc ? .. ly a product 

of' th degeneration of these eyes . For t:k mcs t part 

there is a t ondency t o the condensRti on C. - ~he rhabdomcree 

into o. single rhabdomJ hc.~.•e t he pr· i mnr y <£:..v 1:. lon into 

rhabt'io 1eree ia obscured , t c n rr ... ntcr or 1, ·~OCl., ext ent, 
\:R.~ 

t he c "l.tl"'al cavity/\ mor e or leoa oblit e r at t (:a :11ile in 

s ome c 'lses a secondar y segment at ion o:f tl ~ .. · ,. bdcm is set 

,'U!l, 



up, o that it is divided into un1t z each 

not cc.~lpriae a single rhttbdomere. 

t_s~ 

.1:1 icb does 

,l.!long the low r cru.etncea all the B~. n c:11cpodu have 

ey u ith coalesced rhabdome res. In the .,.ootrac a the 

rhabdom is a aol1d rod, i n wblch no strucllJr c c ~n be made 

out, .a.or example in the :rollcwin£ : ~· ~1.1 1313 e;rubei 

( .t' ti; n , 1886, :P• 645); B. vernalis ( Par1 1 , l J91, p . 75); 

B. et ··nalts {Nowiko:ff, 19t5, P • 432 et ee . ); 3 . eelidY& 

( Howlr nd, 1911, p.l47} and in ~J2tocephr>·1xq (ace p . If>. }. 

In tb(.Se crses, although t he retinvl cell': ·-~ t her.lSelvee 

e ou vl in size, f' ive in number, end surrot: ~ the rhabdom 

symrnetricEtlly, the a ides of the rhtibdom no not correspond 

simply t o the retinal cell 111 th wh ich th~:: c in contact. 

The :rhabdom is squArish i"'Pthf'r than pento. 011 ,l in most 
~ . 

c see except that of ~:D_g)2uo stn~alie (: ·owiko:f'.f, 1905, 

P •432) in which the r habdom ie pentagonnl · lth o central 

cavity. Without n developm~nt . l ntudy it oJa not seem 

pot 1 lc to decide , wbcth r the c ondit-ion in the c1ojori ty 

or e described abcve i o due to ouppr clon of one of 

th ··4 !bdomeres, although the cor·reepondin · c e l l is net in 

e.ny ny suppressed, or 'hether, as see:ns no t likel y, the 

rhabd eres have f'ormed n C.) .• plex ... tructl l n 7h ich all 

t r ee of the original aegmentnticn baa bec1:. lv t . The 

peont · Jn&.l f orm of the rhabdom. · tith one uit1·~ c .... r respond-

1nt. 1:c eoch ret!~~- cell, and the IH'esence • {· central 

cav1.ty in Branch ip:gs e tar;nal in, nG descrtte~. by Nowikoff 

( 1905, P• 432 et seq), argues the reten~t-c.""l in this 

/opeciee 



species of' the primitive f ct•m o:r the rhabclcn .. 

Hmcng tbe Notostr.J.ca. t~~e rhnbdorneree . . coalesced 

i n ~ · productua ( ·.1enkc, 1908, P• 236 et ac~.1) , among the 

Concho traca fused and the rhabdom, as a \,h ole, round or 

pentagonal in transveree section. Thie i!~ the case f'or 

example in Limnadia ( Parker, 1891, l?'ig . 3S' ) · O:, i mil arly 
i'J ~o\iJ 

i n lJl 1ocera the rhabdcm, as rc1• ext~mple ~i'l . .v~ dne 
1'\ 

lmong the Oetracods, tbe scp~.rute 1·~ ~.t1c:-.1creo remain 

appcront, the rhabdom bcinE loneitudinalJ.;: .•i"".:lbed (Calman, 

1909, P • 66) . 

unruacd, as in Argulue ap.( .P!trker, 1 t:9l t p . -~J). In 

Afoliaceua. Herter (1928, "P• 159 et seq) bt.(! not appear 
I 

to bn.ve examined the rbo.bdo!ll in deta il, 1t"1o·J.t:h he 

mentions the presence or c! 1~!1abd.om cavity. 

'l'hus among the l ow r Crur.tacef' se:1 1, t .... rhabdomerea 
r. 

are :round only amollf 0 • t1•ucod.s nd Br Hnc·· J. · · ·~ • The 
-~ 

primi t ive condition t.pp .i'C tc :;e :·L ist ii: ..... rorms -

th ', ·_o ceparnte rhal>do •.. J l .c , ,, i th u cer~t r ~ ··~1vi ty a t 

le O v :. 1. Branchiura . 

n1~ j.UJJed to a soli~ · .t•0.:.$ L1 -.:·hich the C• :-t.z> 1 c:uvity has 

disappeared in all the . c s e;: ucucr .:..bed <"XC t in one 

.nnoot:- can. .:.'>C ith one 

side :.; .lr:~ted to each l .. etint.l cell. GE:t:. 1 . .-!.;/ the rhabdom 

1a : cunded or square - su tl1 :..t itt s ide.: ~- :~ no rel a tion 

t o the retinal cells o:r , five: celled l'ct ..._ -~·.J. : ' group. 
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( HuXley, 1896 t p. ns ) , :up f'~ ( Jaclcs on, 1913, p. 1.~1). 

rh ·odo 1,:r-ound in tranavcl ... S(. nectlon, w1 t he u:: t r•ace or the 

orie inal •egmentation. this is the c a c in !Iomurus 

( Wut ae , 1890, P• 299); ? algemon sp. ( J teelo, 1907, P· l94); 

AtUJh _Q..l (Hanatrom, 1933, P• 387 et seq.). L1 ocme 

c t t.phyridae the rhabdomeres remnin dil .. t · .:ct and 

proj ot eaeh into its own cell eo thot th"' rh tl)dom as a 

whole llno a seven rayed a,Ppc£tr·vnce ( La:1. tJ:~r.:,. 1933, 

P • 307) . I n others the eight o .... 1e;lna1 :; b.~omeres :ruse 

in pairG so that· the 1•habdom is c .. :oss sht:rc.~. The 

r elP.tion of the rhabdora to tht l·,.;t .ln-.~1 c c·1 . in Decapods 

1o ~ ~ollmvs :- In t os c in rh i cb n r!- u.. r' rhabdom is 

pr~nent,Grenaeher corwidc.~·ed (1877, P • 31 ~ tll·.t rhabdomeres 

we l"C l?ormed by altern• tc 1:etir.~. 1 cells 'it!•ir!. the eight 

celled ret inula . c.Tncku::m (lS,l~ , P• LJ.l) r. :.~~~lcred tha t 

eVfJr· t, o r etinal celJ., ..._Lt:Ut llr:e cl.cht _ ~-- , primitive 

n,· • t ke p~1rt l _·ter of the 

r11 . 1, eo ell quart e1• c-~- · 11 i t..:r• ic m.. de u:.. ·.-· .. ·sneve rae 

pl t."ca, oupplied altt:.l~H .ely by ~-11L t wc • t 1 t -d cells, so 

thnt any one r e tinal <.:ell, if Be:>.,r: .ted , · ... , oul d have a 

t ui.l into that of tb ....:.. . . J ~ne in which 

t h b<.1 om i a round or• vV1.l ir. t .f'nnsv cL·t:. ! ·.-·.:tion, all 

the rhnbdomeres appear· t ·. lH'vc n::J.lD,. t eQ. ~~ .. - r"m a singl e 

rod, in which all trac(: o!' ~cement at ion t...,_ l•.:. t . Where 

the rb~bdom i s cross shaped, the x-hnbdoi~A.:..-t= • t he etght 

/ .. '~·imi t ive 
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primitive cells have fused in pair•c , one r 0~ o:: the 

~J, 
rbabdotn lying between "succeee ive pe h•f/ of' "tlnnl cells . 

I n t: c seven-rayed !'orm the l'nye of' the r L · ~J•. 0 :1 cor· respond 

t o the rhabdomeres and preserve their :Prir. i tlve rel Btion to 

the cells . The oond 1 t ion in Fal inurus arc'~ ( L' ~-rker ,1 891 , 

p . llO,) in which e ach r•etinal cell ia provhlcd with a 

transp rent \ dial part at the lnnr:·r edge of t•1e cell has 

been desc r i bed above . If t ht"'se :r;>t~rto 3!'C t be regarded 

aa remains of' the rhabd,"'tr. , t:L.! eye l'epr~ t · - "; 1 :\ reversion 

t o tho primitive conditior.., i;'}. w'Llich s cp.:. ·, ··,;,: rhabdomeres 

-·ent . In 

v 

•. ~rding to 

' 
.... ·- .. ::d to a 

~. ~ ~ I 
wt ... .... 

oblit..::l .. ated although th~ r ei t"ttnc o: . .' it u · ... . l'CPl"esented 
) 

• '! 
lj • L, ... , ... , • 

!n the :)tor:Hltopous thL l~ha·:;dc..~ h . fJt ':. __ .J nd 

diviacd into four equ~:.l :;.eg;.!• 'u.i. ;~ us in ;~q ui:..-:..u ( Steinlin , 

18G9 , p . 17 et seq. ), (Gl·\7n' 0lier, 1&79, l-·1?~> (:t'a:f . Xl , 

/Flg. l 22} 
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Fta--. 122) and in Gonodaetylua ( ... ·~z:·ker , lc~ l, :) •1(..7). The 

rclt• v :i.")IlS of the cella to the rhEtbdom are in Dccapocist 

th1 t 1~· , e::1ch rhabdom .face in .flunked by t c ~-clle, or•, 

wher• one cell is rudirncntrAry or lost, cnt V,.;.' the rhabdom 

faces is flanked b y one complete cell An d th .r·udimentary 

cell ( whe1·e this ia present). 

Among the remaining Divinion of the ·1 ·costraca­

thC' PGracarida - the condition Ol." the ryeidrtc 1 is similar 

t o th&t of the Decapodt, ·Lll\ ;:~' 1Je"l nt: ~ f'c · - . l..ied rhabdom 

divieted. into 1'our eq,u 1 _, :·ts :~~-.~.(· · C'.z-' iHf: .. i.·~ · r .. me reletion 

to the retinal cells _ o .. tlint:'i i.~-. tile ~ .•. -,. __ .:.inr. paragruph. 

""''i .. ~ in the condi"·l''rl ·i· · ··-r····r ·"'1 ··-··>r'-q i r J. l:a - ~ v ...... 4 l-v-;.:_±...,:.~_.;:,:.~~-\...11.\1'-' (. ' .. - · 1 r.:ber, 1879, 

P. ,_ll .. .. ·,nd ;'ysl"' t "' ,-1 • ~- ( · ·--p~•- ::!r·1 " " .... L CI ..... ~:~ - - L -~ ~ .... J..;JJ• ~ ~· · l 2). 

I '' t""' ''•••t •. - ... , ; - • ~·· ' "~, r>i ·-•'·' r·f th .~ !te "-' v.•.bC€.1. Jj :~ ... - -~ ""-L ~ G. 1..-C - -- \.. _ . ·J e eye 

i n ·.- t 0'"' \ - ... _,,. _.1..,._, • ~~..J... 1 l ........ '-'·' ... - ·J.1ly one 

nv il.able. The eye i n t1iL ... for·! va:: ~.te.::_-,1·. .; .,) and without 

·~ll Cefined structt~c . 11abl.c for 

th 1aiua cea. 

~ i u v c l'•y 

v. r·i.. ... :c. . erma in 

.; a central 

(Be. t'l"d, 1887, p.44;;). In Il."i.ctc.: rcln.::c. t , .. !e rhabdom .....,_,__ __ ._ ·-
..;: not show 

even at t!1c proximal en~ l~7 ~!'. (.e .::' .. 1: .. 'es ( ?ark~r, 

1 891 1 P • 88, I'l.V, F i t;;. '.L:·,L:. str·1~c:: ~: la s urrounded 

/by 
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. ... ~r , ~ . • ~ . ~ . · ... ! .... 

J.· 

' I:~. 

p nrt or the --.~J ·-~ 1o··t iG solid and rnr-rked c~~ by four 

six celle. 

1 0 ,. .., 1 " •. • .• 1 ·.· of.· I ' T! • •Y. -

1 C"''"'7 ~, ,, ,,"7': 
f. l ! .i. • ' ( ~) ~ , 

IH· r; ,jf. ct one- 4 --'· 
~ •J 

ad j ticent cell. 

I·c ;r:· dc:.m 

1. "'1"" r-... . ~ . it;: c\m cell. ~ ... ·.- :,. .. -.-: . ... :.!.. .. 

In come cnG(C .. ,~::: 

.:-1 1 ;.rejecting- intc a centr.-.~.1 env1t,t· '.7'18 

"'· ch cell. Jn the l ottPr the 

r ccatl ionally th(. .P1u:bdomercs mAy l cf. ~ 

/c: nt ct 
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1 ik· 
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l. ,, 
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, • & ... • 

n "· ,J.J.Lo. ~·- : , ., 

I70 

r'.J!: Dci.o~n(-re~ a~ pr·oximully reducct:. · .. c : .n 

''h; ...... "'· , 

ir .• )vT;c .. ·ut ~ . :.i""' .. ~:od L .. ~~.~.-.:...::ent l&ren..~~ch(;r, 1&79~ ;,. . . l ~ . 

Ir ... lii•vr.~.L1··. · ... .. ... J.., 107::,, IJ · l2b),.(Gt-.i>l'ierc, lo.:2.), ~·1~ .... , 

P • 157 I· 1 

~D ... ~~1c <.uch lic.a .it!;in. ite owr4 eel:. · 
!q"lS' 

.·..:·it····c.:: " !,~olGl, /it> 124), Ga!ltm~H'UU l • .. !...·~~t '_ 

., ~ 

- .J, • ..L' 

e~('-,l __ ,,_.:_in 1l ·.tl1 e .. ·;,cloncd alent ito inner ·rwrgins i.J .. r •. Lc 

Wtl:J ' i th \ :~ il. j_'t 

• il"' ,<·1(; ·c"···t·l, r ·· .~1' · l c.."'l)· l ~-l . -r: · ... _.. .... ~ .a. l( ..... ,_~~ ,,. L •.! .&.lo-
1
..,. ,l J r· J t:' .,. -

Thuc .ll.iCifl.E tl. 
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solid aa in tl;e; ,rder Uyeidacen, the most primitive or 

the Peracariu~. ~ypically 1t t ends t o degenerate, all 

tbc- 1nte r gr r·dcu from a coalesced ~! tructure to separate 

rhf.lbdomeres nround a central cavity being known. 

Pr1m1tivuly the rhabdomeres were pzoesumably of t c 

sn.me l engt h :.:· ii~le l .. >.J tinal cella ~1nd extended .from the tcex 

or the cone ::.:~_ ro tus to th e b asement membrane, ao clonr: .ted 

1,cdo a long t~ ~ inne r longitudinAl axes of the cells , J.Jl'C­

jecti~g intc the central lumen. Typically the rhabd( ':_· o 

occupy the .~. ~oaition but arc coalesced. Thcr ie no 

mu.r}:e·d tendeu.:;,t ::.;r the rhabdom<.H' .e to extend up .rc:und t~1c 

J i des ot t l1t. c _ ·nc. They never extend below tbe b a emer ... t 

membrane , b\.t nay Jt op some distance ai10r·t of this as in 

I3rnnch ip:ll§. ( 1 1 ..• 1c1 , 1911, p . l47), \fbere they are only thPee 

q_uo.rters of t~-;o longth of the cella . \ sill!i l t\r shortenine 

is aeon in .... t(..r::•.topods {?arker, 1891, P · ll2) and in 
• 

Philoscia ( c c 11 • 6I ) • The abbreviation ia never a t the 

anterior en~ _r~ the contact with the cone apparatus hBO 

bren describ...d - see p }36 • 

The f'unct ion hU fine st.r!!cture_Qf_J_hc rru1bdom. 

The .function and structure of the ~ rtbrop od rhabdmn 

in [!Pnerul hu 'been cone1dered above - see pp. II,I3 D- op1ttJ 

t h ctlrllJ r v:;.<:"m to the contrary, acme of wh ich have been 

cutl lned on rr .• l3.I,6.1t - 1e nor., api>arent thot the 1'\'tiru 1 

cellG r r-e nc.~. v -end cells and contain the e ndings o1• t:1o 

nez•ve fibrill c of the optic nc1•ve f'ibrea. Opinion is 

divided ao · tl t11c rel ation of the i'ibrils to the rhr.bd m. 

do:ne n·nt·, :rs who have bt-cn unabl e to find a~· 
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atructure i n 'h: Pb~bdom- or to tr.-..ce the net've fibrilc 

tnt ~...; the t~nob .. ~. h2ve considerN1. the latter as a chit tnc"!.l.2 

r.nd :runctton ·. t he secretion or the co:-Lc ond ccrncHl cello. 

Such a condit :on ·r~s described by Chnt in ( 1877-.. ·1 : ... ~~ 

ct eeq) in Ir~"):toz.h J~:Ls,ianasa~~ Capr\ella , C:(prid1QP, 

. , .·-

3ullar {1879 , lh 51.3) an~ Egger·t (19.3'1, P•)'l ) in ..;J;rc~t;?.L:• 

b:,r .atuse i J _ . .':J{tr'Ys (l89v, D• ~~97), by Parker 1n 

.J!l!n.ur~ .. af.£.1_ (18911 p . llO) nnd i.w· Tachuganofi' i n 

~py9dora ki~~P~t (1913, P• 357}. A e1m1lar condition 

obtn ine in : t1 .. :l't ~cephalus (see p.7~ } • It is poe iblc 

thnt th-.! abc~ r~ 'O o£ plates in thcae eyea 1e to be vorioual.y 

attributed t· t>,e inadequate teohn1quee of earlier nutlloro , 

to degenerAt ion ot the eye as a vholc, as 1n CYgot:tH?P.' 

or po oibl y t t· c cementing or the plat~a to one enothor. 

For t !J ·:1oot part rhabdom plr.ten ailC clearly 

pr•·eent in Cr r;~ . tceRn eyes. Thia l ends 1t&elf' to tl1a vl<.'>\1 

thnt the ne · v~ ~ibrillae run 1htn the rh~bdom and end en 

the plRtee. T:rl. prnctically all C!lDee, other thrsn the 

~bovc , 1n -:·;hie' t~1e rhabdom h"' r; been exf\m1ned with nny 

care , pla tecr ~· v~ been recognieed. Tb~Ec structur ·a 

wE re describ d in some eases by .;chultae (1868} and Clr·tin 

(1877) amone t1c cPrlier authoro. 

The pl teo c.re noX'tD.Blly nrrnn[;ed in a seriea p :::"1l-lcl 

to c,nc onothLI!' nc1 .oerpendiculru~ to the mnin axis of the 

eye nnd to t h Llc !dent 1 ight. 

This ie the ease in ?ena~ua 

(.~.>utten, 18(C, ;;a 630), where the rhabdomtu. .. ea consiot o=: 
/strf ti~iul 
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plnte:::, •· itt tl . otriae ot: alt. l'"'!"i.';te plntea perpendicul p 

t c cne anoth !"' • In :Philoecio the platee appcnr t· fern 

sc..rice radict ~.15 out from a central , axial bar (at di "fer<.nt 

levels) tc tl: outer thickened periphery, (see p.c:2. ). 

l'hese cor:ditiu-~a C·'PPE Br to be xceptional and it is !:~t· 

nppr'll'ent wht t .·io·)tric or aruillol~;r f'unction is sub ervf:d by 

.::.0 C"lflbOl .. P.t ! S i:iCS of d if.fei•ently or•ientated COl. r;cnente • 

Gee;;: i .. 1lly pigment ia 1'cund between the pl teo rrn 

in aor:1C Cymt-t: i~l~.e , as described by 3eddard ( 1887 , I I '> 
p.,;~tj~). 

Thin is exc(.:_ t i.o:n~tl and does not appear to have been 

described in c L:1cr forms . 

ltbot..["1 the plates are preeent in the majority oi' 

Cruutacea, tL ~-- _ is as yet no rr.t.l proof t11at the nerve 

fibrils, which c: n be seen in the cytoplasm of tht. r~ tinnl 

cells, nre r 1ly cont 1nuous wit. · the rhabdom._platee. 

The ~~.u~ .. ttcm t,;..-:' the nature end fLtndtion of tbe rhs.bdon 

thert? J:or·e 1" r. lnu an open one. In general the modern vic 1 

•S cuticular in muter tal rmd as skelotr.l 

end rcfrnct lv in f'unct ion - Bee ~.nchatecbke ( 193G, li• 9'-'). 

t rh "ldo 1 is typically nd primitively pret.. nt . 

.Primitively t l •i comprises sevc_•ttl rhabdome res, ~;;:a ell oe. ~, tc 

nd at~ chcu ., it..; own cell, lying along ita inner lcJ ·~lt-
' 

udiru: 1 tuio n .. >...toject ine intc '1 central ca.vi ty. 'yp 1c. lly 

tl1~ rhobd.ottlC::.: 2 1'e opproxitnated un<l :Lo:r.·rn a soli~ r0d ' i ti. 

the central C 1 vity obli·terated. lntergrudee bet een t1Jeec 

t wo types ore c. c.,11non. Among the lower Crustacea the 

I rhabdouerr: s 



rh;\bdomereo l(,r· ' in oeparate r-.. . --in lctracods and !?4 
..... 

Bre.nc11iul'a ~ :1t :1 "the central c avity persisting in the 

latter. Por the I"est they are con_;lc tely fused in all 

kno\'tn cnaes e:.c..::pt in one Anoetracan. The primitive 

rel~tion or tie s ides of the rhabdom to the retinal cello 

ic loct in SQ~e c .... es, with fi vc cells eurrounding n f\...tU• 

sided rhnbdc .. In this respect the Eranchiopous ehm1 u ~ 

'" · ·
1 11 \..LV ~ L::"C ever the remainine lower Crust ace.,. none 

the vl e co t:'· c . a equa.re rhabdom 1a perhaps to be ree rded 

as both typic- 1 ·~ nd :primitive . Primitively each of the 

four sides ic ln rel~tion to t wo of the r etinal cells. In 

sone c n::es f • condnry segmentation or the rhabdom into 

,.JUart ca i·a is n t up. In this c nse thf orirtnal rhebdonerce . 

of t -:o ad ·' ¥.a ccnt cella probably have their plr tea dcvet:. iled 

together. TI1c fused rh abdom may be round in tranave ·ar 

eection. c~· :r.rr~te rhabdomeres or<" occa:::ionally ft.. uncl 

in .J~· co.podr-, P they moy s ,·par~ te CO'rll)lctely, or be 

futed in oe:.· .. ' ,e pnirn. The J.',' r.mants 0f' &. cavity m.•~..: 

c. ccasionoll:,~ t "Je i;ieen. 

dcrenernt icw r~ cotm1oner in the retilllil cello, oe Jell ~c 

in ether f'e t tu.:- a of the eye structure. This maY :. eoult 

in th .... :forCirt :to:n of cylindrical ~hubdoms, in which n 

central cn.vi-t ;; iD .. l.pparent, or in the c omplcte seprH•fi tion 

of the rhnl>uo _ :.;c , v:ithin or between the cella. 

The f:.:r:: ·.on of the rhabdomere a MBY be more n1arl-:.c d .1.t 

one end thor ·t th~ other. Sene cxceptionnl condit tcno 

nre ""!cntioned. :- :rimitively the rbobdor. eres reach fror the 

Grex of' the c ~:c :1pparatus prnctically tc the baeerncr~t 

/mc>-l"""br:~nc 
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meubrune . l. c . .:.onally the 1,hnbdcr.1 st ructuree stop cllc:..·t 

of' the membl'! nc . :'hey do not exbi1Ji t any m&rked t endc:-;.cy 

to t•.xtend u:;:- lv;u...J.d the cones. 'J.1hc plates appear to be 

nbeent in ucr_c C"' .• :ti!S. This may po .... aibly be due t c i'nulto 

in techniquC", cccner11tion of the eye , or cementing of tlw 

plates. Th0 "f~ ·~ i~tchen" or plates, whether dtoptric • 
cut iculnr otr·..:.ct ·.u:''~s or neuro.ft brillar endings, are 

typically pre c:!1t and are arra!lf!(>d parallel to one rlnotllc. · 

und :)c!'pend iet·J r to the ex is of the our~1ttt 1d1 um. The 

cxcentionnl !'C1 complicated forme in Penn.~ and P'lilcwcl..t 

p:ntes in se re: 

fibrils in t1 

The p iement de:::cribed ns lyinr bet"ie t :r.. tho 

Jymcthoidae, is except ionnl, The ne1·vc 

retinal cells have not O•'en clt"or•ly demon-

etrated to <":.t ~ t!1c rhabdom, and the ~lU<JBtion of the 

nature of t b :::1• ,bdom as cuticular' cr ncurc.f'ibrillar is 

still d isputc..u. 
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The pigmented cells of the Cruotncean e::c, other 

than th 1gmented, r et1n l senoe cella, are or t :o types -

the diet , , retinal pigment cello and the a:cecoo~J, P1Sment 

oe1la. They dit':ter from ·one anotber in the ~ollowing 

part1cul a . The distal , retinal cella nre dr~ived from 

the true , t~tinal cells and lie around the oon in a 

single ltWer, seldom made up of more than two cello in 

each o tidiurn. In contrast to thi , the accooaory 

pigment c lla are not derived frcm the retinal clements 

and moy not even be or ect odcrmal origin. Tl1cy mn7 lie 

anywhere bot ween the eornea ond the basement ncmbrane, 

where they occupy the 1nter-ommnt1dinl spaeea. They 

vary cor 1<lerably in numbeP and position, but there are 

usually ore thtm t wo to enab omoatidium. l'u.rtller, the 

acceoso~ cells ditter ae a rule rrom the retin~l cells 

and their derivatives in havine a no~nueleol~tcd 

nucleus - see Parker ( 1891, p. 119) and Huxley .nd 

Wol k.y {1933,-:· · , P• 369)• 

~he d,i§ oJ. retinal pisment cell!! 

i'beae cells occur onlY in some 1 alacostrc.c n. 

They bav otten been confused with tbe accessors p1ement 
. I 

cells and have been designated "iris" pigment cello by 

some authors including Koroeheldt and Heider (1099 t p.169) 

and Sedg ick (1927, P• 330). This is an unfoPtunate 

nomenclature, as they have no relation to the "iristt 

/piement 
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pigment cells of insecta, which arc modified ccrnoa l 

hypoderm cells 1 forming a pigmented aheath abor:t tile 

cone. 

The dist inction between theec and the eccssory 

pigment colla was first clearly pointed out b./ Pu:r-kcr 

~1891, p . l20), who described the cella in Decn:vouo 

(Homaruo,Pa1eomonetes, 1891, pp.l19-l20,) Stornatopods 

(Gonodact~l~s, 1891, P• 106) and Mysidacea fBYo\s, 1891 

Pl . Vlll, Figs. 77, 78, 87) ae well as 1n the loopod 

serolis (1891 1 P• 95} - a f'orm in which the eye ia 

exceptional ·in many respects{ eee p. \ tq) He conoide.t'ed 

that the pigment cells surrounding tl1e cone in Lepto­

etraca 1n Nebal ia ( 1891 1 p. 98) wr're probably of this 

type although their number was unusually l arge .. 

SubseQUG!~ authors have COnl,irmed the presence ar these 

cells in the following Decupoda : Cambarus ( .'h t oe, 1890, 

P• 299), Pal.eomonetee ( Congdon, l9e7, P• 541), {J toele, 

1907; P •l40) 1 ( Welsh, 1930, PP• 386, 459}, Eup~ ill'WUS 

(Jackson, 1913- P• 41). They are al so preoc1~ in 
Q.~rdtn3 t<' 

Serolis l intaae 1( 1890, p. 284). Although the calls 

were not found in Amph1poda by Parker, they were oubee­

quently described in Gammarus chevreuxi by Huxley and 

Wolsky (1933 - J ._>;·., P• 359)• 

Parker put forward the following evidenc~ that the 

cella were of retinal origin and not merely acceoaory 

pigment ·cells. The nuclei resemble those or. the 
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retinal cells in containine one or t wo nucleoli i n both 

embryo nnd adult. In this respect they dii'::'cr from 

the accessory cella. (See Parker, 1891, pp. 95, 106, 117)• 

The continuation of the cella throu£h the ba~CJ£nt 
~ 

membrane in Roma~a and the ir po~se~a1on of n vcat i gea1 

axial border resembling a rhabdom in l.llais are. J)l'Obnb1y 

remaining features indicating their· retinal or1cin. (See 

Parker, 1891, p.120, Pl. Vlll, Fig. 77)• Moreover the 

confluence of these cella with the retinal aenoo cells 

in Gammarue chevreux1 has been hold to 1ndicntc thair 

common origtn _(See Huxley and /olsky, 1933 - J. _ -,.1! •.367). 

These cells may be der i ved from the r et1n.:11 cells 

by migration• of whole cells, or by division and upward 

m1erat1on of cells newly divided off from the r etinal 

cells proper. Migrat ion alone accounts f'or the cornU-

tion in Gerolis according to Porker, (1891, P• 9J). 

There • ~ t ,o distal and four proximal retinal cel l s as 

coropar~d with the condition in many other Iso oan in 

which there are eix eenae cella and no distal ret inal 

pigment cells - (Beddard, 1887, P• 41~3). I n Uynidaoea, 

Decapods and Stomatopods t he r el at ive numbers of the 

cells 1nc..icate that the distal retinal ce lls ~' -"C f ormed 

b y division of t wo o-r the true retinal cells ,1th nn 

upward migrat ion or the newly formed parts. I~ G:.1umaru.s 

among the Amphipod~he distal cells are f'ive in number 

and t hus oorrespond to the true retinal cella~ and are 
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formed by division of all of t hese . (See Huxley and 

Wolsky, 1933 • 1~ ; P• 367)· ! "1 Ne'balia t he:-:•c are 

seven ot both the distal and proximal ret1nul cells. If 

the f'orr.~c1• ra~c indeed of r etinal origin (of whi ch l:'arker 

( 1891, p, 98) was 1n some doubt, on account of t heir 

large number), they must be formed as in Amphipods. 

Tho separation of the distal pie:ment cell.IJ ~rom 

the retinal sense cells a.ppenrs to nccompany 1 n clonga-

tion of t bc ommatidium. It is poesible that the absence 

ot tb sc colla in some Malacostraca is a consequence of 

a secondary shortening of the ommntidium. Th. cella 

might tell have been secondarily lost 1n thi way in 

AmphipodaJ since, wnere they occur in Gammarus ohevr~, 

they show indications of degeneration in the r eduction 

of their nuclei and in the lnte confluence with t he 

retinal eonse cella ._ (Huxley ·and !olsky, 1933-:-

P• 369) • . 

Primitively the cella are absent. Thir i n also 

the typicf l condition in Crus t acea other tbAn nl~coe-

tre.cn . .nr::ne: the latter t lle cells occur in 1t or1atopoda, 

Decapod ... , ~sidacea, some \mphipoda and Isopo<iL and 

possibly in Leptostraca. "\1 though they are not known 

to have been diet 1ngu1ahed from the a •. cessory vic ,;ent 

cella in ether forma, 1 t is probable t at they .1rc 

typical of the Malacostraca as a whole. 

Summary. 

That the distal retinal piement cells ore o~ 
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origin io indicated by their nuclear structure, and the 

occasional p~rsietenoe of rudiments ot nerve fibres and 

rbabdomeres , and their occAsional confluence ~it the 

retinal cella . They are to be distinguished from the 

aecesao%7 pi gment cells and the "i;I'iBu pigment cella o:r 
1nsects. They are primitively absent and do not occur 

in the Lorr .r Crustacea. They appear to be tyz,icul of 

Hal acostr oa, where they ~re formed either by niCPation 

of entire retinal cella~ or more usually by divioion of 

some (or occasionally all) o~ the cells and upw rd 

migration of the newly formed parts. In a OMe , • nl acostraca 

in which the~ are absent, their lose is probably to be 

accounted ~or by a secondary shortening of the onnat1dium. 

They form a single layer of cells about the cone and do 

not as a. rule exceed two in number, although :rive or 

possibly seven cella are occasionally found. 



IBI 
The acc~ssory pigment cells. 

Among the Entomostraoa acces~ory pigment cells are 

usually absent • They have, however, been noted in 

Gladocera in Leptodora ap. by l 1t'lrker (1891, P• 77), 

although they are not mentioned as present in L. kindtii by 

Tachuganoft (1913, P•350). They have also been described 

in B>rapd)l1AC~ in Argul us by l) ~rker ( 1891, p. 83) and Herter 

(1928, P·159 et. seq.). 

Among the Malacostraca acce~sory pigment cella are 

the rule. Theoe have been described in Leptootr ca in 

Neba11n (Olaue, 1888, pp.15 et. eeq.). Parker hm1ever, 

conei de red that these were more p z·obably distal r etinal 
T 

pigment cells. They were noted in Euphausitcco in 

Styt1oobe1ron (Chun, 1896, p1e. XVl-XX} and h 1 ve been 

described in the ro1low1ng Decapods : Antaeus (C rriere, 

1885, p.lOg), Pena.eus (Patten, 1886,_ p.636), Pm~~:e , 1891, 

p.117), Hornarus ( Parker, 1890, p.25),crangon, ~ barua, 

Cardiosoma, Pagurus (Parker, 1891, p.117}, ~'aleomonetes 

(Parker t 1896, P•493), (Steele, 19C7, P· l70}, ( ,elah, 1930, 

P·459t, Pnlaemon ( Moror~, 1911, P· l44), Cambaruo (DDy,l912, 

p. 305-343), Eupa.ewus (Jacko on, 1913, p.41), ,\ni)ll ion 

(Hanstrom, 1933, P• 387 et. eeq.), ~canthephyridne and 

Sergestid c ( ,e1eh abd Ch,Lc , 1938, PP •364, 574). They 

have b~en noted in r:ysidacec ( i! r~er, 18S1l, p . l CI?)JI 

(Korscheldt and Heider, 1899, p .lt9)· Theyooccur in 

Isopods generally according to Grcnacher (1879, :p .1<.7) and 
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have been noted in particular 1n the followi nc : 

Spbaeroma (Bellonc1, 1881, P• 99), Idotea ( PHrkc.u~ , 1891, 

p.88), ( Penbody, 1939, p.525), Serolis (' lataae, 189e,,p.294) 

L1e1a oceanica (Hewitt, 1907, p . 25), L. natnlenais (see 

They are absent in some Isopods as in Philoseia 

(see p.s--~ ) • They are known in the i'ollowing . ~l l,?hipoda : 

~ Gammarus op . (Carriere, 1885 , P•l57), ( Cussana, 19C4,P · 31)
1 

G. pulex, G. ornatus ( Parkt.l", 1891, p. 71), 9:..!__gllcvreuxi 

(Parker, 1891, P• 71), {Sexton and ling, 1916, ~ .18), 

(Ford and huxley, 1929, P• 67) , (Sexton, Clarke a bpocner, 

1930, p . 2c.4, 1932, P• 308), ( tlelah, 193L, P · 38~:), (r1exton 

and Clat•ke, 1936, p.694), ( Huxley and ·/olsky1 ·· . .. -- -193~ , 

p. 366). They have been described in Stomato.:)Ods in 

~onodactylu.a ( Parker•, 1891, p.l03)• 

Primitively the cells are absent and t io ie also 

the 'condition typical- of the lower Crustacea, in ;hich 

the occurrence of these cells is ra~e. They nrc typical 

of the lal acostraca. 

There is some disagreement an to whether these 

are of ectodermal or meaodermnl oriein. In the following 

cases they have been oonaidel'ed us ectodermal : 

In Ieopodc ( Grenachcr, 1879, P• 98) ~"'I·eneaus ( 1· tten, 1886, 

p. 673), _,~_ ~·olis and Talorcl1eotia ( intase, l o9U, l?• 2941 
r\ W'( haW bc.t.t I Cc. "'ide~\ 

296)~s r~scdermal, in general, by Balfour (18l~, P·l34) 

and in pnrticular in the follotriD.£ ; Uyperia ( Jl·.uu , 1879, 

p .12.5), Fhrcnima (Carriere, 18£5, p.l60); Cran£.0.1 

I (.~inceley, 
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(Kingsle~, 1886, P• 598), Serol.ia (.Beddard, 1B£>~,p . 21), 

M;,yaia (Korscheldt and Heider 1 1889, p. 109), (i,! rkcr 1 

1891, P• 103) 1 Gonodactylus ( Pnrker, 1891, p.lC7}, 

Eupagurus (Jackson, 1913, P• 43), Gammarus cbevreuxi 

(Huxley and Wolsky, 1933-1:--. ·.: P• 375). 

Thua in aome Decapodo, 1\mphi p ode and Is: 110ds both 

ectodermal .nd mesodermal ori gins blive been au~·)oocd, in 

Myaidacea t.nd Stomatopoda meeodePmal only. Ot1lel ... eroups 1 

in which the cells occ~ do not seem to have bLtn invest­

igated in thia respect. 

on phylogenetic grounds ~atten cons1der<d th~t 

these cello were ectodermal and indeed of earl itr ori gin 

than the ttretinophorae,.' or cone cells. (In t 110 connec­

tion he ia or course considering the cella, which t re now 

regarded ne producing the rhabdom, as of the enme nature 

and origin ns the accessory pigment cells). It soems 

probable, however, that the pigmented cells are not of 

one kind but of three - the true retinal cells, t eir 

distal retinal derivatives and the accessory picoent 

cells. Tbe r etinal cella and their derivativea 'rtre 

certainly ectode rmal. The distal derivativec rise, 

however, only in higher :forms nnd ·1r e certainly not 

primitive . Further, the a cceGsory p i ement eel a appear 

to be, 1t least in some cnses, mesodermal r athc ::.• than 

ectodermal . Thus Patten's assertion (1886, p.G]4) that 

the pigmented cella are all e ctode.ernal and pr1mi·: i ve i s 

/inv lid. 
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On the contrary they eeem to have hnd n 

heterogeneous origin and to have arisen at diffc .. 'ont 

times in l,)hylogeny. 

If ~!·w cells are to be regarded as meaodcrn ,l it 

ia necessary to demonstrate an extra-retinal oric in. The 

cella could then only enter the eye by one of t wo methods . 

SiMe the basement membrane iaid down at tne b oLe of all 

epidermal coll layers is present bel~v the eye, ny non­

ectode.r~mal cells w1 thin the membrane must have :f.'cund their 

way in, o1tber through the interstices of the mrn~Jrane, or 

by introduction of a band ot~ mesoderm into the oyc rudi-

ment,- before the formation of the membrane. Both these 

methods have been described as occurring. In the first 

caae Parker described in Mysidaeea (1891, p.l03) a 

nucleus lying in an opening in the fenestrated n~mbr~ne. 

This resembled the nuclei of the yellowish pigment cells, 

which lie on either side of the membrane. This wna 

apparently engaged in migrating into the eye throuc;h the 

basement membrane. Parker conside1•ed thnt th i o cell 

had the . ..,.p eG.rance of" paaainE. into rut er than out of the 

retins, n u he pv1nted out tb&t this po\ver of' t"tOOCboid 

movement rendered it probable that these pigment cells 

were meaodermal. The mesodermal origin or the cells 

and tbe1l~ migration into the eye has been deduced .1...,or 

other f'or l'nO on account of the similarity in str\.._ctm .. o 

between t he retinal acdessol"Y pip-ment cells and tbc extra ... 
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-retinal , meaoderm, pigment cells below the baser.~nt 

membrane, from which the former seem to originate. Thus 

in Gammarus chevreux1 ·Huxley and Wolsky describe (1933-.. 
. ,."''"\~·:· . .. "l-i• 374) the albino eye mutant as containint; cel la 

very similar to some, which lie below the basement 

membrane and. which, in this case, rami:f'y outside the 

head, forming white spots on the body. 

The otl1er method of development , which ascl"'ibee 

to theoo c0lls a mesodermal origin, has been dencribed 

by KingsleY (1886, P• 598) for praneon, ae follU\7B • After 

!'ormation of an ectodermal optic pocket "a new clement 

enters the eye at the inner-posterior angle - n thin band 

of undifferentiated meso-blast. It develope l nt o a 

single t i c1- layer of connective tiasue in whic: tho.t·e 

is an abundant deposition of pigment. H 

From this it oeems clear that 1 at least in J.;yaidacea 
/ 

and Decopodo, the accessory pigment cells are meoodermal. 

On the other hand Parker considers (1891, PP• 94, 95) that 

in .S.erolis the embryology indicates an ecto-derr.tr;l origin, 

which 1.s supported by the general hiatology of the cells. 

It the cells !t"f' ectodermal, they must either have 

arisen from e.etodermal cells, wl'lich originally r.cpnrated 

the eye units, from which in scme distant pre-Crustacean 

ancestor the eye was possibly t•crmed, or i"rom the ecto-

dermal rr:t 1nf, l cella, which, ·· in the case of tho distal 

ret inHl lJi.t.;nent cells, we rc crowded out of the visual 
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axis and l o t their sensory function. If these •.;ere 

remains of ectodermal cel la ol~ieinally separatin~: the 

ommatidia, one would expect their presence to be ooat 

marked in the lower• Crustacea. Tbes is not t11c case. 

On the other hand, if they were differentiated from the 

retinal cells, it is difficult to see why, unl~~o the 

distal retinal pigment cel ls, they show li.ttl e similarity 

to the true retinal eelle in their nuclear structure . A 

difference in the time at wh ich the distal retin•11 and 

the a·cceeaory pigment cells were d11:'ferent i~t ed nir.:ht 

account f or this. In this co~11ectton it cert ~.inly 

seems t r t the accessory cells &r e more primitive than 

the diat t.l retinal pigment cells, since they , 1•c occasion­

ally found in Entomoatraca, where the l atter do not occur. 

If the cells are ectodermal, either of' these me tbods of 

formation remains possible. 

It 1.e possible, indeed, tll t the accessory cells 

are not homogeneous among themselves. ./hetbor they n.re 

present alone or designed ns supplements to diat nl retinal 
Or' 

derivativca,they may be either mesodermal 1mm1g!lt1ons ,..of 

eotodermnl origin and derived by either one or t he tn 

methods suggested above. 

Both the numb~r and the poeition of the cells va~ 

considerably and depend purely on the degree o~ crowding 

or the omm8t id1a· The smel1~st recorded numbc;r is two 
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as in Gammarus chevreuxi (Co~riere, 1885, p.159), 

Penaeoo (Prtten, 1886, p.643) • .t'o1ecmonetcs ( .P rkcr, 1891 1 

C\'"\cl 

p. 281),. F.:u,pngur-q.s (Jnckson, 1913, P• 43)· Here uoually 

each cell i s restricted to a particular ~egion nu does not 

extend as on attenuated band :f'rcm one end of t he Or.t1at idium 

to the othcx-. The cells may all be masaed i n 0ne zone or 

distributed over several such zones. 

Examples ot the .first mentioned configuration are 

Paleomonetcs end Nebalia, in which the accessory Ji gment 

cells are found only in the :;Jro~im~l :parts of the ret ina, 

( see P~rker, 1891, pp . 98, 281) and L1eia ocennicn ( Tiewitt, 

1907, p. 25) and Lip;ia nat al enois ( p . \.fb ), 1.Jhere they are 

restricted to the upper hal~ c£ the ommatidium. :Jeveral 

zones of . i["tllent cells may cccnz) aa in Hnerit d. 111ron1ma 

(Carriere., 1885, p.lGl, Pig •. 124), wher e ther•e cl'C three 

zones, on~ around the proximal pnrt or the cone, one applied 

tQthe diotul region of the retinnl cells nnd on~ n~or the 

basement membrane. In Ser-olis thcr. a l"C t wo t uci1 zones, 

one nrvu1d the ·cone and one aro~~d the rcti~~l cel la , 

( Beddard, l 88!..t., P• 21) . In nddit ion to t lJe : in zones 

of the pigment cella surrou!ldinr the cone:;> DJld L:1c retin­

ulae, there a r e frequently amnller cells dispc .. {..d on either 

aide of the basement membrane between the inn~r ends of the 

onun"tidla and around the nerve fibres, ( P~rker ., 1891 1p .14). 

Patten (18861 P• 54.1.+} • considered thqt ty:&,>lc 'lly the 

pigmented cells were arranJ: ed in eevernl zone£ in a definite 

pattern of concentric circles, with all the cells extending 

/~rom 
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\bout the 

nucleus each cell formed a piemented swelling, \rll ilc 

elsewher e it waa reduced to 'l thin hyaline atrt-n1 - (J'atten, 

1886, p. G?7). He describe d such an arraneenent in 

Penaeus ( •tten, 1886, P• 627). Subsequent dcac· ·iptions, 

as quoted above, have not suppcrted his View a~ vo the 

universal prevalence ot such a pattern in the pi:·rrnt 

cells. 'l'I1cy vary in number and disposition nc.. t' y lie 

1n one or oore zones. 

Tb cells are adapted in ahnpc to ~it t c inter-

ommatidia). spaces. The ercater the curvature of the 

sur:faee, the smaller the angle subtended at it s centre 

by an are of some fixed length. If one euppoaea t \at, 

ith incrertsing curvature, the emo o~ the om~"'£ ticli a 

remain ~ t approximBtely equal distnnces apart on t he 

surface of the eye, the angl e bet~een the omrnntidi ~ be­

comes more acute and the space to be occupied by t he 

interornmatidial pigment cella emnlle r a nd ns:trrc•;re • If 

then the 0~1atidie. become mor e nume1·ous and t he ir outer 

ende mo.1.•c C.i."owded, the numbc:: n.nd size of the c e l l a will 

be ~urth'"r reduced. Thus oince the number m1<1 s hape of 

the pigment cella depends on the external curvctture of the 

eye and the degree of crowding of t he omnatidi , uhey are 

very variable. In the flattened eye of ~~- 1.1•ua 

chevreux1 {ODrriere, 1885, p.157) , (Huxley and ololr.y, 

1933-193h , p .. 376), the pigmented cells a r e l arco r nd 
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goblet-shaped, the stem o'f the p1tTment cells lying 

between the upper ends of' tl1e eonical ommatidin. nncl the 

proximal~.expended part at their base . In r.tsia natal-

ensis, which has a slightly gr•cater external cm'v·~ture, 

the condition is much the oac1c - ( see p. 4'1 ) • In the 

strongly curved eye of' ):lenactW the cells nre rc uccd to 

thin strands ( Patten, 1886, PP• 631-632) . The v ariation 

in size, position, shape and nrr1tnger1ent is ther~!"ore so 

considerDbl.c that no on~ c ~~n~.i t ior:. cc.n. be Gel<'C .. cd t c 

typical. 

Th b ~nndnries of the cells vre :;1ot as rule clear. 

This 1t the cane ror exnmple in G1.1nr.1nruo ~.Y.~_'t.L-,:1 ( Cuaeans, 

1904, p. 31), EU£aeurus (Jackson, 1913, :P• 43), Idotcn 
~..-.d 

baltica ( Peabody, 1939, P• 532}~ Lig1a nAtnl~nois (p. 47 ) , 

In mutant _~erma this is excggerf'.ted rn(-: the cc~ll boundar­

ies may br~ak down completely ao in Gs~r1rue clwvrcux1 

white eyed mutant (Cexton "nd Clarke, 193G, 11 · G9'~). The 

s uggest ion 01 ... Hewitt that tbc ;1i[1ment cells in '! i "' ill 

oceanica ure :prolonged betw"•en the retint1l cello 'lnd the 

r J·,')bdomeres seems unlikely , ~1d h a.r nlready been c'liocuaaed, 

(p. t('{ ) 

The nuclei vnry in ai~e . TheY :•re "rc udily visible11 

(Carriere, 1885, p.l57), in t'bnr.:o.rus chcvreuxi, r.a•c 

slightly cmaller than those of' the retinnl cells in 

Sero11a and Sphaeroma (Beddnrd, 18811 J p . 1~5), t·:e same 

size or slightly lareer in 11cia _n~talcnsis ( oee p. 49 ), 

/oma lle:r 
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of ·the eaoo eye may contain di:ffer•a.nt types of l it~r:lant. 

The f'irst und contnonest of theHe is nel unin, t~ c clack 

pigment found in all the t ,;r:pes o:r :pigmented cella in the 

eye. Tbis ie the light abaorbiil[ m.Jterlal whic:1, by ita 

migrations . masks or eXJ)oees tbe sides of the or._ .. ,tidia 

and so 1~gulatea the amount ot light f~lling upon the 

sense cells . Secondly there may be & reflector or tapetal 

ma terial, which is generally white in reflectec ·nd yell ow-

ish or violet in tr~nsmitted light. It appe r~ to increase 

the amount of li~ht f alline on the sense cells by re:f'lec-

t1on. A third type, a 7'ed pigment, is someti··xHJ :round. 

Its function appeurs to be unknown, 

Tel~nin appe '1r a in pr~ cticnlly r.ll eyes in the 

retinn.l colJs , in their di C't Rl ret inal der iva t ives, where 

these re present 1 and in sone or the accessor;~ PiE:'lllent 

cells, that is, in those about the cones ond r e t inule.e. 

The r-eflector :pigment has been described in the 

followinr: cn.aes : In AMPhipods it ie ~..-.ncwn 1n Gr···1 .... rus ap. 

(Cussans, 19C·4, P• 36), where it in •:··htte by rcf'lccted and 

pale yellat! by transmitted li£ht, rmd Gm:unarua c:tcvreuxi 

(Huxley :md Wolsky, 1933-1' , J PP• 375, 378) , 1!1 e1•e a 

chalky white pigment lies just t~bove the bRsere,1.t membrane. 

The colourles.s eye mutar.t of this speci(>s cont .-,1..'10 rerrac­

t1ve non-otn1n1ng mat~ri.al, whicb is prob~bly n modified 

derivative or the substance no:r."'',l~lly f'ound in theac c e lla; 

see Sexton nnd Clal"ke (1936, :P• 694). I n t.iyald cen a 

/:rine 
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fine flaky material, pale yellmv b J reflected or 

transmitted light , is deacrib~d by Parker (1891, P• 93) 

in Myalo. uP· and a similar rno tel'ial in Stomat or,o<.la in 

9onodaetY:lUB (p.l97)· In ')ecnpodc colourlean, tl•nns-

pnrent cryatsls, pale yellow 1n transmitted 111 h. , are 

described in Penaeus (Patten, 1886, P• 636) and in 

~aleomonetc. (Parker, 1891, Pl. 1V, Pi g. 115 , 1896 , p. 81} 

as well no in J\canthephyridae and .,}ereeetidae ( , ""loll and 

Chase, 1938, PP• li84, :n4). The nnture of thin !•e:rrac-

tive material ia not clear. Patten (1886, P• G37J 

described it aa insoluble in Clove oil, Creosote, '\lcohol, 

Chlorof'ortJ and Ether. It dissolved in dilute KCH to 

give a brown solution. He considered that the material 

I'esembled certain crystals found in embryonic inuocts and 

generally assumed to be of uric '-\Cid or its dcriV·1t ives , 

ttel~nin ttnd the I'eflector mf\t erial may be :round 

togethe~ in tbe same eye either in the same or difrercnt 

cells. i\cccrding to Patton (1886 , P. • 626) t c ~Jlnck 

material 1. found in pigment ed swellin~o , while the reet 

of the pigtent cells ar e thin and reduced and co."l ... :J.1n, at 

least in some cases, refractive gr unulee. Theoc colourless 

bacillar continuations of the pi gment cells a1~ not , 

however, typical and as a r.ule each cell a:ppe!\ro to 

contain oal7 one type of piement J the black pi£T' ,nt l y ing 

in the cells bout the cones and retinnlae, and the 

re:f'lector rnat erial in the cells at tbe base of t:w eye. 

/Red 
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Red pigment mntertal han been ~ound in aome eyes 

in addition to the types nentioned above. A red cnro-

·t inoid mat~riel has been described in G~r .. marus cilevreuxi 

by Ford nr.tc'l Huxley (1929, p. G7 ), by Sexton, ,Jl n):t~-:e and 

Spooner , ( 19.'3C, I>- ?.04, 1932 , P• 368) and by llu.:i:lGY ond 

\Volaky (".: -:.-· l93~ , P• 373)· Sexton, Clarke '"nu S:pocner, 

in their dcacr1pt1on, pointed out th:1t the firat :1ir;ment 

to appear 1n the embryonic eye was red. Lat er the rate 

of deposition o:r the red pigment falls off' rapi(lly nnd 

iiJ gradn 11y obscured or r eplaced by the blaek t -~r :•inl. 

It is prn1o,.ble they point out, thnt the red pi rncnt is 

being formed all the time, and they auegest t hlt it may 

even be 'l necessary chemico.l preclll"sor of' the r .... l ... n1n. 

The production of the latter is so retarded in nome 

mutants th~t the eye may retain the red colouri~~ through­

out life. (Sexton, Clarke and Spooner, 1932, p . 308) . 

Sexton end Po.ntin (19~7 , - ) nnd J~ayer (1943, p.l6} 

' point out that the red mat eri al is probflb1y of exogenous 

origin, as arJ:_ lipochromee in animol o E.:ener ally. J,5nnberg 

(1934-., ... , · PP• 1-llJ.) extended the knowledge o:r :;he 

presence r.::: thic red pieme<nt to nl r1oet nJ.l ordc:·,.. o1"' 

Crustact. ln \Th ich the llCCCflocry Pit:nent cells r,;ccu.r. 

That itn ~rcsence had not pr~vioualy been known :nn due 

to the mnaking of' the red by the black p i gment in the 

adult and to the fact that this m·,terinl i s solu~)le in 

alcohol nf has therefore to be investiented in up~cial 

/ m<;din, 
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media, auch as t,:lycer1ne. 

The t.!Xact chemical nature or~ the caret i:r..oid eye 

pigment baa not been determined.. It is possible t'A1:1t 

tbis may p:~ove to be related to J:ryptoxnntlline ( .JJ+C.'qsGO) 

orfc~ roteno {C4o1Ist.\), since, in cove animals in -7llich 

melanin ls lost, these are th cProtino1cla of r..oct ~requent 

occurorence- see Baldwin snd 3e[tt;v (1941, PP• 11 ~-3, 151). 

Whether t1 • red m11ter1. ~1 io a at !lfe in the f'orn tion of' 

Repl acement of' . i.:_.,oc~n'omes 

by mcl~lnin ~epoaits 1n nn1i.<. l s , n s they ro;row ol«.lc_~, is 

l'"...no'Yt-n in or.tses other than this, f'or exampl e, in the e;:pi­

dermia o:r Agen1cola, where both .. cl' unn (18'i<o , p .. ·714-)and 

Fauve1 (18'r<r p. 1273) considered th· t t he ch•)n£t u due 

to a di:c .t.t t:.'&:n.s:rormntion of' the lipochrome pif:ttli .nt of' 

the you lf' , nimal into melr:>nin. It is pose lble t vo that 

the red piun.ent round in· the e~es c:r your:e Crut.. t .cr.n, and 

in mutants 1nd cavernicolous f'orms, in r7hich t ~.,· clnn1n 

fails to cvelop1 may not be carotinoid 1n qll c _en . The 

f'ormntion o:r mel~nin (n furt11er stn,£e in the o··id< tion of 

s.G. oihydroxyindole) b.r the oxidation or tyPoaino, 

involves t1H~ f'Ol"r:Jn.tion of i'f':d i:ntc:rmcdi ... te pr od,.Acta of 

the n·1t~ of indole derivnt tves ( Gilm·1n , 191~·, p . 1128) . 

It is pocaiblo th'1t the :,.ed r-1 ,ter!.f1l in the eyeo may 

somet imcn, ·~t least, be due to t~1c presence oi' .. uc!1 1nt er-

carotlnotCr.: uhicb r.,re mor•c d1nt&ntly l~clr,ted to 1. : l r:tnin. 

1 'In the 
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In the :..~ 11' way, the pur'ple colour, v:·;icl:l is em ·times 

seen in t11 
J Crustacean eye, 1a probably due to ··:1e 

presence of an intel'mecl ate st uge on the .form:.·.'~ icn of 

me.-lanin, nc is the cuee .in Cephalopod eyes (::,e<lc1'Cl"),l940, 

P• 306). 

~lt}v·,u.gh tbese cells ere very vari nble un(i 01' 

rel?tively little importance fro~l the point o~ vieu o£ 

eorapf!ra t1vo enatoro,y1 they have attrttcted a con."'liuc • ble 

proportion of the interest wllich has centered on )rustacean 

eyes, in connecticn ''ith the pl';:rsiology cf th.~ir p i rment 

m1f!'ration. General aspects o-2 the topic h twc -Jt'C'll deal t 

with by ~J~n-1r (1891 , PP• l-2vG), Purker (1891, D• 281), 

Frle ch ( lS, ~ , P?. 662-67.1, C9 5 - 7C4) and Bud~c:{l.brock ( 19 35, 

ul~;rly on CnmbarU£, Welsh (193 : Pll . 4.59-494) u.~.l J. uleomonetes 

Peabod,y (1939 1 PP• 519-533) irt ccnnectt.on wit :r.doten t 
~--

Baldwin . nd Beatty (19h1, Pl..'• 13( -143) in con._._ct·:on \lith 

A sell u::. 

dealt :v!t 

In addition Co:r:.{:c.lon ( 191.7, i1P· 5j.J-:J~g) hus 
b 

the effect ot: tet.pc· utl;.l."e , ·,:;.· .. c: .1RU"'c:r.c:: .:. t~ (1937, 

PP• 407-1~22) and Brown (19]9, :PD • 247-:-355) Jith .• he effect 

of eye st r lk hormones en p1 Qi!Ci"lt mieret ion anc" ···~lob ( 1930, 

PP• 386-395) with the dim"n91. rythm in tlJ~ pi[r.l"'nt ~>ligration. 

Moet o:r tl!{ tlVailBble 1n.fcrrN•t ton on the nn3<to. ~.- of the 

pigmented ce lls of the P.y~s ie t 0 l)c :round in "'.;) .. ne papers. 

/ ~ n ry. 
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Summacy. 

Although Patten asserted thpt the pigmen~cd cells 

were homogeneous and unifol.•mly ect ode1·mal, it u ... JJ probable 

that they .• .'e heterogeneous and have arisen ~1t .Lf'er·ent 

times. · 'h"' accessory pigment cella arc not .t-l .. iw:l.'C 1ve 

and are ttou,:illy absent in the lower Crut:~tacea. . ''1cy are 

typical o~ alacostraca. 'l'hey may lie anywhere bet een 

the cornea and the basement membrane and may evc.. .. 1 extend 

below thic.. Their shape, size, numbe1 .. and pooi t ion are 

very val"iable ~nd dicta te<)by ~he curvature ot: tl1c eye and 

the n..'ltUl-e of' the irulter - omtlatidial spaces. Patten's 

elabor-at e ar:c-anremcnt of tl1e cells in circles tl.nci zones 1s 

not the typical condition, Zacll cell is ae a r ule 

r estricted to a small z one , ·Althoufb in some c :...co it may 

stretch tln'OU£hout the entire leneth of' the o::' ·tid1um. 

Typically .ere are two zones c.: cella l~ound tbJ cone nnd 

retinul. .• G .... d onother lyin[ just abcve the bau :.lJ . .lt 

membrnnc. The c e ll bound,:,.::..•ies ar·c typically i..l..llo t inct. 

The nuclei vary in their size and .&ba:pe und muii' PC either 

spheric 1 :;:r i rregular in cutline. 

w1 thout .~..u'-'.Leoli and lie in 't t.Jome1ti.w t ovlollel>. __ ·i. of the 

cell. A bJ. .. ck melanin ptgmc~1t oceurs typlc:llJ.,' 1 .. 1 ~he cells 

about tl1e cones ana retinula0 · (It J.loo occ'..lJ:.., in the 

retinal <..: .... lls and their derivativesj. 1 t Pl'<Yi..t..ctu the 

sense cells and its posit ion ia adjusted to a G.~.: it or 

;exclude 
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exclude lirht in ~ccordance v:ith the intensit~· of the 

illumination. Its migrations •.re r overned partl~t by n 

Borrtonc tn t · e eye etclk, pru•tly by a regular C:tu::.lnnl 

f1ythm pHrt'l~· by ternre:r~tur~ fluctu-- t iona . 

rE"f'lect or m(•terial, ueuplly whtte in r eflecte d :na yellow­

ish or violet in tral~mitted 11£ht, is found i n oomc forms, 

t ypically in tlle celle near the basement membr,.l1.C, r.nd 

occasion~lly in the other s cceaacry pi gment ce~lc, toge ther 

with the mclnnin but in a ceparatc re£1on of t he cell~ 

This is ~rcbably a uric acid d~rivotive. In r c ·t yo~ 

eyes, in s ome mutants and ca.vernicoloua .forms, '.he rJel Pnin 

1E abeent Pnd a red piyment visible, eenerally co~idered to 

be a c a rot inoid. Whether the melanin replqcer t 1~ or 1s 

a produet ot its transfcrmntlon is uneertein. It is 

eugf:eS.,.Po thP.t t'he :red m~tE'rinl mgy s ometimee , at least, 

be other tho.n t.1 c8rotinoid .,"'l.d, like tl1e :pur:)l .f' ~1igment 
• 

occasionn11y seen both here · nd in Ce:phnlopo1 e~rco, an 

interrnedip.te product in malqn1n ~ormotion. 

so~' dif:ference of o:-tnio.n exiot s Aa to ·~I:le meso-

derrnnl c.... t :~toderm'll orie1!1 or the ce1ls. t n r.:owc oases 

a mesod~PPl 1 origir1 .eJ?:p~nrl' to be inC.ic 'lt ed by tho e vidence 

of h1etolceY, of 1mm1eret i0'1 of mesodermal cel'lh throueh 

the basement membrane, or of their origin frcr 

mesob1~at 1n the embryonic eye. 
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In other cases the embryology and histology 

appear to indicate an ectodermal origin and a derivation 

from e1tber 1ntercmmat1dial pigment cells or rron very 

earl7 derivatives of the retinol cells, of the s ame type 

as the diatnl retinal pigment cells, but o~ earlier 

.formation. Is is probable that the cells pre sometimes 

ectodermal, sometimes mesodermal. 
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The l:~].!rul...£~lln __ J.lnd some related ~~~ct.~~ 

Some eunc.::. ... .:1al features occur in the _yes of '!ct.iCac, 

q r olL ... ae and v:- . 0~:1 oidae amone ti.1e Ioopods. In particul.~:.·· 

the l.'e t inal ce _e i!l:lY be reduced in nu:"lb r, nn d the r· b,. 1 

. cculiarly ect · i 0 ted in structure and t:evelopment , . :1 'lc 

sc-cnll~d '1hy i~J1' cel l s lie arcu."...:. ~"''.d b .low the rL:.b." c .1 

c nd b'- t.r,·c"l ti c :_: ~inal cells . 

The .rcti:l l t"' ells in Sr r•c..l.idnc are reduced t o ~Gtti.' 

in nu.:1bcr - e<c . e u.:!."Pt...: , 1884f l')• ~1 and ntase, 189L, ::~. 

XKl X, .i'i g . 1. _t.l --' P-re in addition t wo .:;'l'oximal retin .... J. 

celle 1 wl1 ich or-· c_• .... d.ng to Varke.r ( 1091, P • 9.:5) appenr to 

have been :ror.; <:!u by UP?larc m1l!roti on o:r t wo of' the ret innl 

cells, or whicl cher("2 must orie:inally have b E:en six. Aega 

"'nd Gymot n oa (-:e<.:.: rJ, 1887, P• 235, P• 44' , ) haven. mere 

nc..l~t:l retinal cr· >lement of seven cells . 

In tht ""C :i:'-::1 a the otructu.re cf the rhabdom is 

c-eulior. I !! - ~~':lis sch,ytheJ (Beddn rc', 18CJ+, p.22 ! 

1-~ 8.7 , : -P • 234-2J.J, lt-1~) there te a ehort rhabdom st1,ul!t'1re 

in c.cnt a.:t wid. 1e uppei· ends r:-.1 the r•et1nnl cells. i 

trnm:v cl'Oe r:;c< t. t n or the rhtJb<..c!:! ot th i f3 level sb c;.e ..., 

J<U~;-1rc outline iti1 n central cavity. 

This :. . t nds below in f':...ur blunt .:.;oints f'!.,cj ._ ctL .... 

lnt t~l .. ; :1yal ::n ~cl1o (see below). 3elmt t >is t llc 

rhru ..... c..::1 ·- 4~ J..K . ... .. .; bt continued tc ':u:clo the basement r.mr.;i.L.·, .• lC 

l Ct. 
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es a fine axinl f~la~ent made up or aev. ral ribres net irr 

cent act wl th the :•c:ttnal cella. 

U per :'l rt r t t:1 r11~bd0r.1 iS mol"e cornpl.icnted - see 13eC!.dn.Ptl 

p. 23 - but the essential structure 1s eimiler. 

I ... ... 
g_Y.!?_o~.h.2!1 a eve~-: _ ' .o .... leres are vr sent , r nc. 3re in cc !l' . · t 

"""i th vne anotl _, ltllvugh they de '!'lot :rut.e n t the u.r· · c1~ 

end ( 1" t ht' 1.. • in • Etch is c cn1cnl, Pl'ojecting d('r'"l 

Each is _ .• :c-bnbly ccntinuct.~s v: 1 t:, 

an n~ial fibrt. J al thvut-Jl this c ·...lu not be seen t o 

.'asr tcl.l'dlLh t.rl y: l i!'le cells, it '7"1S thcue-ht t 0 be 

Two v:i.E:'. r '1. '1~. b een advanced ne to the natu ... •e c.:l 

Beddard (1887, P• 2~~) 

pointed cut t h t) lthc.ueh in th odult the axial fibre 

-: ieo -ithin tl ~ :.7'""'1 tne cells and io not tn contact 1. t~; 

tlw ret 1nal cc1~- ~ yet in tbe yc;ung thf :fibre is aqu. N; 

in cntl ine ~nc: ' ncn:r£ tc be derived from the :r( ur retin. .. ,:. 

C'elle. 

th u •p<"?r end 

r ti!l!-'1 ,.l'i£il 

by .. 11c .::.'~·c t t:. 

n er.rlicr l'hrb .c·"l, oi,:tei.l by the r~ ti~Yl 

:1· f'ol:'f""lnt ~on c i' 1.: new adult rhabdc:." , t 

"ibre j,ireceec"·s the hyaline c~.llc J..r.. 

/ a e v<.lc:· : ~:t 
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the EJ ides o-r t:. ' tinal cella . 

Parkel • ..... 1;he other hand, (1891, PP• 93-95) 

con.:Jidcrtd t:ii ... i; ·t:~o ttXial etructut'cs w.re ccntinuol.l.S it'L1 

the . ~lcnented c . :-:..c cells. He pointed cut that this wae 

in •ccol .. dence ·. t . tile .ftu-:t th9.t th l. fibrillar structttPe 

wns , iff:::!'ent.:. ted b~f'orc the rhabdco of tbe adult. 

Th€0 tr :. _• ... l'erJ.t hyaline cells -;·ecul1&r to ther e 

eyes, 1 ie bel<.:. "te GTioll n u .. p~::r : 1~t of the r1;audc 1, 

: ::'"ld b~· tr.·cn t1 c :~ .; ·:annl cellr:. They . nclose- the low-:-r 

c:1d cf tne ::.·!. 1: •. c : nd the axial, . 'ibr.: llnr str-ucture. 

cmd 
( ·,e ... d~r~~: , 1e:7, V• 2.}1~) 1\ §..~lli ep ( ,,atate, 109L, p £r.')(r ')<. ~· 

Th y may be :- , ~~ . ~.r icnl as in ~~i! __ g __ .. ·~ ( Bedd r(, 

to lJe .. ill. d 

i Cl"'C 1 i B C~ rnl·.t __ ..... - ------ 0-:cribed by 3edc:~ro ( 18a~, p. 2]) , n .... 

l'cce:;;'tlin.r~ t!.c < . . :· :. 

Ih 231+ ) they ~ : e l.·.: r ?nd hcmoeenecualy trPneparent 

except tho t a f c. ·)igrnent granules are deposited on t1 

sur:r ce .'!k nuc l t•e ir•regulsr !:'rrnultr masees with n 
I 

( . d;; '\ .. Jc l s1, , The presence c!' the n: c J.cl 

Tbe ae· ::- · 0 _.._,en: r~"' the t: ells c1oes not appear tc 

in ony d tail, !:'loot ·1· th•_ at tenti( n 

b : nt: :ev ted l 

. ..,. i t11 out co;1t ir:: 

/t< 
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to indicnte t1: t : :1 .-)y nre of other- t han r·et inal or it: in, 

U.."i.less they ht vc :;_c c adAr i.ly lost t11 .:: !. r _>icment Rnd 

ne r•vcus connect : .... ne • 

The o1·1.c-tn c. nd f unction or t h-2 cells 1e obscurL .. 

It W'"S ~t fi:t~r-·: . . :J ••. :; . ::ted by Beddarl~ (1&87, P• 450} thnt 

. th · cells mi['1~ ;;. c.j ... •c>cpond t: Patten's colcurl,:ss. visual 

The Ei~ilnri~Y to the ccr~ 

~ t i.n~~ t o r1 . i c t_·L: : uncti.on, alt:;cuj'l why n diont r ic 

J n '2cees nry c..· n .~v ~ n'!:f\. e( . .-.ts in cue> 

.:c:.lr:. hy c-..._.,· .::llo shc,ulci be 1:::edeu. in these part i.c~·l·'l .. 

<. yec i;.... ::.·L t n -. _ .. · ··.nt. 

to th .... hy"llinc ~.c). !.s is :f'ound in the eyea ot: scme .\e['i .. .Jc , 

Serolidr.c and Cy."'!ot 'lvidae. 'l'he rh nb cc .. 1 structure is 

~eculinr in the~ !t- mn in part is rcDtricted tc the u_po! 

"'nrt c:f t!le 1·ct ~nal cells, whel·e the l''h'\lb<lC!l struct1:.res 

~! r !ln contact ' : ·;:} th retinal cello resvonsible for 

:t:.cir I-l'Oruct ·i<.n. 'l"his thicl~ened :-art of the rhnbdn!'1 

.._J:'c jcct~ intc ·~: ·;rr lin(\ cells lying blow it and bet··cen 

';.he· l' t.l.nnl ce1~u:-. I'he r•habdom nppenrs to be continued 

t1hi .~ll ln C;tr.Qt}!'"·- 1ppcar to p ass belo\1 th bn.sement 

/m ...... ~, . ~,-. 
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me.itbranc . In t:l"..: < .• dult the :fibrillr.r :ar·t ia :found 

'":1Jiclcened part <...f the rhabdom. In t he 

ycuns it prec<..t1d t~1c rhabdor.a and in some cases tho byrctl!ne 

cells in de\el<.. 1- !~· According to ne. dnrd it is p1 c ~~ad 

t:' t J nst in .:.'nt·t :y ·~ b ~· rt>t in~l cells nnd 1.C! a pz•imnPY 

/1 cecrd irt£: to I arku-· this ia n"'rel:; 

.prol: .!!rr> tl ,n '' he ccne cell.e. 

~~ "VC b en , t scr· · ··, A r.boVP .. 

. '11 ·::-ther or 11..ot these fc ntures re: r a-

t'unc "ioning c .ll. . CJ.•m:!tPcean eye, 1.. t is clc.n.r thRt they 

are hicbly (\ty.._ i , ;hilt" both thr:- ir e r•ic in r nd .funct:on 

r mst~~ · J so tbct their nr ccence constitutcc 

n·1 iB( 1. t '!d : r. :.·· ·~t ... -. f'ro:n. an oth ,~p·;tsc f' lrly c<;n.str.mt 

ty...., f' eye. T: r- si·::.;.ltrneous cecl.trren.-·<; ;:.f these 

(-.c u l i x·1 t i':e :. i'< • relnted typeo, ~1ieht n.rgue the : r• 



The bas ement membrane. 

'the moat deta iled descript i on of" t · e atruct.ure of ., 

t he base100nt membrane &J?pear e t o be that of Patten in 

connection with Penaeus (l88G, pp. 637-638). Jra describes 

the membrn11c as consisting of conP~ctive tissue :ibres, 

f'uaed i n }?Pr t to a hyaline, _ ~· '· :~ :.laG s , connected 

t ogether 1nto a fine network , £orm1ng a series o~ Greek 

crossoo, \11th the inner surface amooth and coc:x- ct and the 

outer moro ~ibrous, with the crosses arranged en a constant 

patter n t hroughout the eye . The openings l~~t by the 

arms of t he crosses are br1dced by n bundle of ui ngonal 

fibres. Through these fenestrations the nerve f ibres 

pas s to tho ommatidia. 

Such nn elaborate structure does not appc. r t o hove 

been deocr1bed elsewhere, and t he membrane norr.nlly 

appear s as a thin atructure l eea l nyer formed, lil:e t he 

basement membranes at the base of most ectodern -1 cell 

layers, aa a simple non-nucleolnt ed membrane. The 

nuclei~ which are sometimes found in the region of the 

base~nt memb:rane, are those of the surroundint: _viement 

cells ( Howlnnd, 1911; p. 147)· 



Tt-~E PRIMITIVE FORM oF THE: LATERAL CoMPOuN.D EYES OF (AUSIACEA: 

L oNGITUDINAL St:CTIONS . 

L. S. Corneal lens· 

or_ 

-+--- - Cone qpparatus 

-+-1---- Cone secret:on 
e nd s Qbov~ 
rhabdom 

OR 

Col'le s--;;r.lf!t~Ot'\----->,.4,_ 
(a"d cell•) ;,.. 
Contoct ,...;tt> the 
rhabdo m. 

+----- Retinal cells - -----+ \ _
0 

\ ~+---- Rl.obdom s't:ructure - - - 1--1! 

-·- \ 
+---- -- N<>rve f','bre. - ----- - ; ' 

L.S . Ento'r«. Ommat;d,-;:.m 

( Pqrls Separated somewhqt on do~,go-ammot;-z.a loorl) 



THE PRtMITIVE FoRM or THE LATERAL CoMPOUND EYEs 

OF"' C RUST ACE" A. 

T.S .FQcst . 

T. 5 . Corneal 
Hypoderm . 

oR . 

( CoNTINUS:D.) 

T. S.Fa c.et. 

T . 5. Cone. Appa rQlus . 

S-C~lled cond.,t."ot>. 
Pr,·f"l'' ~tJ"ve for Cr-ustac.eq 
as a whole . 

5 -Celled cond,t,on 
Pn-;... ;r,_,.ely p n.se n t ,n the 
Qnce.stors of many I ower­
Crustacea . 
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Part III 

1. Ocggl""re!!££ . _ ~-:_.~~ 

True l ·~r rnl ,compound eyes are typically and 
I 

)r1nitiVely f)reoc~ t in living and fossil :t"oma with thcL• 

beence or rE>(k t icn sporadic and seccndary. These mny 

J eeenerrtC' intc n vet"Y small number or ommatidia but true 

l r tcrAl oce11:t "C 'tbsent -

2.. Q£ml2~ rp ll!C ~ \ · t.ot;tl· 

:F·~r cr.' ·~ ti •e pw:-poses n t ter.t:)t has been u ~e 

t c indicate t- .,1.:,e ot: v.uri:..t ion . nd the ty~·ical .u-_d 

pi• it. 1 t ive cv~.e. l-i :>Jl o'f er.cb p!)rt CJ..' the eye. Tbia 

vf tht.; Chvpt, . ~ · :J_··UEtacea for cc:-:.p:1rison with s imll · · 

1atcl·iEJl apr en u to the sec tiers U.e ling ith the 

·corrcspondine · ~:~""-.1: ~urcn in the 1 flternl , cor.1pound eycc Cl.~ 

oth r .-\rthrcr.c-. , Jnpec1elly Insectu. 

· 3• Basic Plan .. 

The ey c-'e typically and primitively built on 8 

ccr"l 1on basic l --~ . (The hyaline cells, :frund in a few 

T.so; cd eyes n: C in no other Arthrcpods con~nutc ~ 

dep :rture f"ro . , 71!.r.) • The nunber or the cells and 

their Arrnne<r rnt in eoch of th . aeveral rj'arts of' the. e:-c 

ohcw a l''elt t ix y n"'rrow range cf V?rh·t ion. Vor in~ i em~ 

/within 



·o 
within an 01-.d :i.' ( e ccept where the eyes are in tb@ G 

com"ae of det:er:.~I,dticn) are minor, snu within a s pecies t:l~e 

aberrant. 

1+• §lnl:>ll!!Y-.-[q'ld O!Qlution of t.he eY,e•, 

Frc."il tJ!c ut aoili ty in the b £lsic pat tern of t he 

,.,D:"lY)ound eye~ - ad the ab sence of evidence for its 

evolution witL!.:: ~he Crustacea, it is cleAr thnt tlle e;-c 

W~iG n .~.'cntt'l.!'~ i rt.l ited f'rcm a distant pre-crustacean 

n.nceet ol·, whc. c: .!.'t was already •;c: ll-. ·eve loped. 

5· Va~il!..'t!.Q~ .. <" ~~ t_he ~~~- il}~~~~i_gn __ t_o_p_~~g~ 

The v. _ .. · . ie-n in the etrt'cture of' the eye in 

~.: lf.f' erc-.,."lt L·rCc "DcilrS some :L"eletlon to tlwt which ic 

£ener~lly ccr_c .\.1 C..l,on other grouncr.:, to b e their 

phylogentic s e uc.-1,;e &nd relntionsh i :>· Thus, while t1:c 

eyes of' the lc ·.;. J1•uatacea : rein many t .. c spects 

heterogen.eotu .. , tllcac of' the Nalacostrac n are better 

d~velopcd (ec ...... ci::i.lly with regard tc the eye stalk, 

cone cells, r~t!~~l cells, rhabdo~ ond pimnent cella) 

nnd more or lc. a ltntform inter ee , except in the cese 

of the ; eracrl .. i<-1o , where the eye has degenerated. 

\mone t'!le Pcl~t c Pida the eyes of l'ye1dacea resemble t1j:re 

or the other I ~l ~co~trnce fa irly closely, while these 

cf Ieopodt· r:r.e -, • hipo~:s have liegenerated and altered. 

Tb is is borne ou . ln detail in e r c:1 cf the sect ions 

concerned. 
/ 6. 
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llere tr·~ eye unite separuto in degenerate eyer: 

of reduced dit : ~ l ~ n they remain "-runt idial izyf."orr.t. 

Gucb <let.enel .. r t ~- r { ae indicated by r co:npnrati ve r tudy 

o:..' some Iso1·c .jrr:.:s) results in only eor.te of the chr~.gcn 

indicated on ! . ;2.~ as necessary to convert a compound 

eY'e into a £rc·.: ... " oeelli. Thus there is a. flattening 

or t he eye as 1 le, a reduction in its size and ~ 

s~- 1rrt1on rf its u~i ~c , which become shorter, wide~ ~nd 

more cup-lit~, · h ile the individual lenees increase in 

size Rnd convc-tt ~·nd become ci r cular and biconvex in 

Cc rr< _po .. d!Ylg to thie clrnr~e in the dioptric 

~ isolation of t 11t" un1 ts uecreases tn 

c:O!.\_lcxity. 

The ch :~LCO in the senae cello an.-J the acceasGry 

.Jioptric str1.·ct ~~:··oa nrc not sueh as to c cnvert the .:. , .. c 

into & group a:: ,:clli. Thus tllc cone is retained, the 
()<.. 

~ornN £envus c ln chewing no t .nde.Lcy to :form "vitl•ect:o 

uody. Toe :. ·. ~1n· l cella gener, lly show no very rr• t: t 

the 1•bt:tbdom ct.:.:'uc ;;:wea parallel to the axia of the eye • 

.,.Uthoueh the 1,11 -';.,., .o"'leree may be se ~mrated nnd reduced 

1n size, thE.~· 

o:r the cells. 

never t~anaferred to the axial f'pcte 

'.i1ua with in th~ Crustacea the latercl 

compound eyes u~ ~~t oegtnerate into a group of ocelli 

or t1 single occllUfJ. 



'! . Pl}asibiil_!l,_of thf! o:ri,r~ n or oo~~nd e:rr:.a . 

t.IC>J.!!. 0 CHi l,U - • 

ithin th Crus~ace tberl9 i no indi.snutable 

evidence 1n ont eny or ;Um.tomy of th~ no& pou :..c .:ye 

1 nvin beAn. !lf!am~d fro , a Gi le ocellus or ~ ~:roup 

of OiJ&l~1 - s .e a.ppendi 04 1 t~r !!l ocnll1 • 

La"ter:·l ~ oo~ o Jn::l j£~s a:rl!' trJliC!"Il i.:f n 

ri r11 t1vely present ~·net ·t;ll- le1Tttlo!)fo)d. 

4beir relat1onslli.ps to t.hil e1 a of o th.,:t ~:cthro1~oct.s 

rre d1ucv.saed in the couolusionQ of the chat)te.rs 

-- -



.DIAG-RAMS ILLUSIRAIING- AN APPROXIMI')iloN 10 A TYPICAL CoNDITION 

IN THE LATERAL CoMPOUND EYEs OF" CRusTACEA. 

L_:J 

LoN<;ITUDINAL Se:-cTIONS 

[ 
L.S. Corneal L.,nses. 

- -f----Lors;>e Cone sec reb'on ___ +-J~-
;, contact with the 
rhabdom s tructu re. . 

D1s tc,J R.t,;;al P'Rrnent ----'1-
c.._lla . 

A cce ss ory p •srnent------+ 
cells . 

"CCt!Ssory po~ ment cells 
a ssoc ;o ted ,..,;th 

-- ....... l3asernent membrane.,, ·­·. 

In Mafocosf~aca as a ""hole.. 

L. 5. [nl.'re. Otnrnot~d ...... m 

(Parts separa tQd Somewhat I n d oaRrammot : -z.a to~('>) 

• 



DIAC<RAMS ILLUSTRA"TING 'THE APPR.Ol<IMATION 10 A tYi'IC"'L CoNonro N 

IN 'THE LATERAL CoMPOuND EYES oF CRusTACEA • 

"TRANSVERSE Se:cTIONS . 

I. S. Corneal lens . 

I . S. Hypoderm cells su rrou"d'"~ 

l<pper '".11~on of Co"e cells. 

l),~tol R.,t,;.,ol P;.2..,.,,..t ___ _,f.i? 
cells . 

r-----~~---~L-----Cone secr~t~"------------i~::~--t------1 

@ OR 

0 

0 

T. S. Cone Apparot ... ,.. 
(!he n«ml>er o' P'll""'""t cells 
\~s var:oble. and thf'y qre not 

shown "~parately) 

A~cessor"y 
ptgrn~nt 
cells. 

I n ·E,tomo~traca~ as a whole. 

5- Celled Cond;t(on 

I.n Malacostraca as a whole. 

g_ Celled Coni,t,"on 

T. S. Ret,;:,d I Celis and Rhabdom structure 

{IJa one co,...l,t,·o.., of tne rhabdom con be 
Se(ect~d QS typ;col · \h<t Cond:t,;.ns Shown 
or" S o me of the commonest.) 



PLA'TE..,. 

J)I,.,~R.AMS fLLIJSTRA'TING T HOSE VARIATIONS IN IHE STRUCT<Jf'.E OF THE 

LA'TERA L (OMPOlJNO E"YE WHICH OCCUR IN CRUST-"CEA ~UT f'/OT IN INSECTS . 

1 . S. Corneal Lenses . 

2 t"'ells ....:1th Opa'f.,C Ir;S d;aphrogm 

I. S. Corneal 

Cro•• -t 8 Cells . 

7-Royed -t7 Cells 

T.S. Reto-;.,al Cells sho...,onq vao-;ab~n s ;, t-he Rh.,bdom and Assoc; .. ted Cond: t.~ns 
of the <ells . 



· "DJA<;RAMS ILLUSiA.ATo"'c; -rwe: Col1f"\ONEST VARIATIONS IN ;tiE 5TRuc.TtJRE Of" 

THE LATERAL. CoMPOUND Eye 11-1 CRusTACEA . 

LoN<;o;v.DoNAo... Se:coiOI'IS 

L.S. Corn~ol Lenses. 

0 CJ 
-··=====--·-

Un(acett~d . 

Adci,t,~nal {h~c~1tn:,,~ 
below t"'e c.onc. on 

Add;t,~nal th;c"•"•~9• 
bt..low con.t.5 ott the: 
c~ l l boc.tndan"t s 

0 

the int~r c.etlular 
bounde~r;~u 

0 0 

R~t,~aJ cQ.IIS $ur,.our'lcl 
Cent:. F"r e~ short 
d.".stance. 

eo,.,~ ApparQtus e,.,t~..,d.·n9 
be.tw•en th~ Ret:,..c:tl c..:lh 
Qnd the. Rhobd.orn for a 
short d ;, tea nee 

Flat. 

Cont .S•f3ments 
separate. o"d 
~.o~nf lottane.d. 

Ac:ct5 so ry 
C:o"o. \Toopods) 

(h) Hyal;.,~ c._lls 
bt.fwee:r1 the ,.-ttl,.,a) ct.lts 
{«x) }\,.;QI f;b,~ _ 
Se• Text. 



Introduction to the lateral gompound ezes of Insect@ • 

The chapter is on the same plan as that 

dealing with the lateral,compound e7es in Oruataeea. 

'!'he chie:t interest centres on a epmparison or the eyes 

in the two classes .. The first part comprises otai.ginal 

desc~1pt1ons and ~1gu~es . In the second part the primitive 

and typical conditions and the range of variation in 

struc~ure has been indicated for each paPt or the ~e 

in turn, a sumnacy being appended to each secttion :tor 

Peadier comparison with the corresponding m ·aterial on 

the Crustacean eyes • The third part deal a w1 th the 

conelusiona drawn :t"rom this chapter on the comparative 

anatomy, origin and r-elat ionshipa or the lateral 

compound eyea in Insecta. 



2!0 
fa.rt I . 

Orj~inal descrjptipns • 

'l'hc cyeL .O~liL!rna sacclu:ri11. ... .lc1·c t1eacr1bed b 

e.:.-Be ( l9t l). l c _ ..• :·trded the cnrlL r work of' Corriel'e 

( 10<.~} eta ina ct'.i' >"', ·. s)eciall.r in c~Jnnect lon \91th il f 

retinol eello. 111 .. 0 tiescri pt i ons tu-e not 11va1lable t.na 

no later ·ark t n the subjeC't aeema to hr.ve been published .. 

Hesse'~ dincrv. 1 ·1 ; f•w linc::s of .xplon. tion arc given 

by 3.erlenc ( l~'t _ ... ~. ~Gc, Fit. • 817) and eo !.lied eleewlw:a. 

by ..:ltrinrhn·.t (1~·~·-, p .. 35} and SnoJp:rf:.'ac (1935, p . ;,t. '1 

/tS th~ c 1:dl t · on o'£ the r·yee 1.:1 J '1terye:ote nnd 

tht:"i;• t•et_i.~l n·:.lc t£ hrre of: scr1{: int 1"! Et, n more 

Jetr·•i:1.cd <.JS(~l'· ".:' ~ u1 .. tht eyr:o i£ eiven b.lo·a. 

1~te~!f!i_l_S(l~~·rc .' . 

_, t e:r .. l:- .. ·.:"'u eyes, .. r.ci~ con....i~tin.[ or a sm 11 

£:I';.. 1.1 1 Gf t1.1elY 

margin. :J.lle eyr_ c 

cf' th~ 11 nd an 

c .. culrr nren iu 

c;ccur on t h iw d neo · 1 t E: post l·J.r.r 

c s rp.-.rnted ty .1 .. cc t the entire . ·i th 

The 

t1te1•c 1n some d:i· f' 1.c: ·1.ty in obtaini:r1.g sectiono at tht. 

r~quil•ed r:meles. · ... 1.1C Stnall size c:;.· the eye in comparioon 

:1 th tl1~ t or tL · Le'lilido. 1e ~1·~.. cu:,l .l'lly rel·~ted to the 

/difference 
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The 'ochilili· Rre f• ttve hunt · zan 

among old paper·._ . 

circul.- r in cut. i'he eyes arc. or c cur ee sessile .. n.t1 

im:..1ova.blc- !lnd 

• 

.1-~ternal cuticlE";_. 

The sep< l~f t U."l.its of' the \:ye have facets of' a much 

gr ,·ter cc:nvcxit~~ .. h m that o1~ tht.. .. ·y(~ units in Mechil idn. 

'l~c l enaes t1 V(. 'l:e u....,pcr sur.race of' the t ye the apJ,;e !' :nee 

c:ti: r collecti0:r: ..... ~li[hly rC':.f'ractive, trana::.)are-nt bead~:t 

• l.:b J.(ne 1£ cL.~·· .. ~ 1 ... in outline. The lcn.ed3 nre rot 

~,-,lrt iLt~CU , .. :"&...; DC in[ it>olr:ted c:- n. thin r-r• n 0 

In sect?c.n uch lens ic 

bi.;.:.wcx, ·~;lih .. 

the in ... _n·. 1'1! 1 ::. n :. ~~ .. ere not u11i ~.,.~.• •. 1 tlu·cuthcut the c .. .,.c, 

:.:ul'!"acc ns the c . 

1
"'{. being f'll., .t£..1· ~'-n both siuea, 

··n:;:.:-oximntely th(; ..1 1. r.rv o:f the he· 

Z!1c r.1a1tit .-.. . ~ e~1th is about j {' /,1 \!bile per1phern.-J..y 
I 

eoch lcno ie rcdt .... cd to a depth of flbout lt..·f' , the 

meaeurmn ... nts b. :.:r-~ · ~~ ll:en in each cN:e .i'r-;m sections thrcup-1J 

tl1._· centre of tllc ye U.."lit. '!"he l~naest olthou.gh continusuz 

'1. i t-J the rcnert'J. ~J:::;rJy cuticle, fli"e r"'Uch thicker than the 

/lnt tcr 



l.:·tter, wllicll .. ~.. .. , "". ·~t c:xce!'d lt·f' in ""eptb. 

ie divided tr:'~ !" ~ v .' .;ely into tt:tc :_.ca•ts . Zhe hct:wgenevcz 

ou~el' layer t~'-~.{\ ~ u ~·aecne;ttoxylcn :-·nd oth r nuclear otr 1M 

v ry rendily f tn c · ecply. The in cr 1 art ia :f' incly lc,uln ·~cd 

n str.ina le. n ._;ly. l)orc cnnnlG rH•c nbaent. 'l'hc 

lhe~(" t wo P" 1~ts di: fer · only in 

thick.'1cr.s. Th( ·· e~ts show no inuica~.ton of: long! tmllrlnl 

ct i visi on to Ci.>.<"~. . =On 1 to their seci"c. .. ion by t· o se~f ~~~~ 

cello. 

'I "O c01·ne . >J':."laderm cella oi vt. 1 lse t:- each f'. cet. 

lls in rnost Im~r. ct s - :, ) . . ' 

.· .,. ·::.t• .. c· o, theE: .:-.J. l~:,; do not bceCI'!le 

in. e cn.t ct · · 1ly f s mal l <: r- h .l'al s.re.n c .... ' t:J.c 

:>cct, ~-C: th, ·./ · -: . .- .. : hich t1Jc.Y ·.t-c..:-t ht 'le tiven rinc. 

c.: r ncr;, v:~.i c:.i t~ . 

l, , c eil c i ern n'tlc rcun6. tbc... u~,- ~ 1 

c · i r~ ures 2L1 OJH1 2.:: • '.the :;Jeculi 1~ 

r•clr. t Lon cl: Ll• ·n · .1 hypoder· t (c. hY.' j tc the c o:1c \ c;. 1:.; 

obliquity io 11!(: ic · t d by the di1'.,:cront l' t:la tive depths of 

'l'he cone 

enu r;i gccnt cell-~ :~. 'lch aPe shown, 'l J.'e 1n the came 

/ ommatidiun 



2!3 
O!U ~ntidium nn.._. , r.C~U., below the leVel · f the hy:(Joder•n '!C .. l·· 

11t z~ior adjoinirl.L l!Y~ un1 t . 

lde lot 1 . u u.ndb .·ies betwce~. t.. o a-. jacent hJ _ c · 

a jact..nt yc u.r .. 'tile maximum uepth. through whicb tl~ 

hy--goC.el'\1 cell~ : :·~ .!L down the conC', 1s obcut 1•;~ - 1 .. e. 

nbcut t o-tbird · ;;he length of the cvne. 

The cyt'-Z . '\ ;;:;;: th ~ eellf:! if' ccn!'s t r und s pol· ... c_· 

than tll t of tr· c 1·1 ining ~ or the eye, oocsibly in 

?h-.. nuclei ttre 

·:-;.~.• t11 Ct..nE cell:::, h1VC a thin, dnr•1-:ly 

:_t :, i.a the c elll.? i n the: 1 Ju..L t. 

The conU} 

th(.: - v cAlC picuous .;;tl·t.. tm•cs crces the 

i .. 1ot very renul .·• Those at tl.. e<l£f. 

! ~:.l r thn.n tho.:Je in th_ centre, i •. 

• • n 
\, ,}!;.. '<: 1·educed i:;'l :.; i.ze - c urc the 

1 lenses in thicl::ncns. 'l'he cone&, 

thf.l" :fore, lr>c-1;: t.1 n:)p<= FirancE.i of' n unii'urm layer, wllich 

, 



nccc.:.dnnce witi: ... "'iJ.:~ dioptric stz•uct.ure. --
214 

'i'hc cont. C (. _:; t .• !t~ c:r f'our s .. :£~ucnt s wh ich must 

ori e:trmlly hsvc i> n secreted by :CC·1.W cone cells. ln 

the cello cf w!·ic~1 Jnly the f'our nuclei and the bound:>ri es 

remain. The l'l.t'cle1 lie , one in each ccgment, embedd d 

in the autcr pel t f the secretion. They are ~atlwr 

1 l''g.-r· thr n thou:. " the hypoderm cells, hnve t darkly 

c t a inine, out ' r b. 1m . 'i.l'"Y with finely ~rnnulel .. , deepl;v 
('\ 

&t, ininr conte~tr" . · · -t+hrut conspicucuc nucleoli. 

nucleuc ie l.'(·ULl J.·~ e llipsoidal in shn.:. \; nnd lies for the 

mo~t · rt nlm'l.! 1 • ·- uti r edr-e of' the ccne uecretion .. 

seCl"C.tion end 11·- c ·tbed4ed within this. The shape cf 

the nuclcue ant' the r'.:ca ccvt rcd by it nre apparent in 

.it'i Lurec 24, 25 "·~c 28 ·(c.c.n). The nucl e i h~ve a maxir.:ur.1 

length ci r·i..>cut ~~ ) / .. no. .a .maximu .r ~.epth cf ;J.bcut 71v 
~~·ell con. .J;.,: ll'nt consists c.1.· a refract! ve, 

tr~ nep~·I'ent, he· c•. enous mass atainin;.:: :eea.dily and unii,crr,:-

ly \l ith the ear:c G .ininr propertit?G i·.a the outer part cf 

the c lm€.3• T11 .:~.)ur cone s egments of' e Bch eye unite 

together to t:c1 ~ · conc&vo-convex strtJCtur•e 1 crescentic 

in lcneitud1nal ~ .. ct ion with a maximum de:ptll of.' 1~ 

ano ~1 lipsoidc 1 in t:L•!ffisverse sect icn .,.,i th a major nxis 

IJf' U) to 3'-f'~nd s 1ino1• axis of u :p to 2 {. Jv . The 
I 

, i"1e:!.s i ns vnry . t::~lltly 1n G1f':fer·ent t?ye untt:· . The 

/out er 



out ~r ccncuve :.. .. r.-_~ . ._:{.; c:.:· the cone is n plied to the 2 15 

inn ~.' . cnnvex et;;u: ·c \ .. .:: -the corneal lt;na, while the lc· ·c;.~ 

c·Jnvex au.z•:race t: : lt.;- cone is in contact with some of the 

rhc.b(,.Oi!l,-ree. 

(fhc cell 1);·~m .. ~.ries dividing tbc cone into segm ."1t.J 

ore only rough1~ ; t rteht angles tc one' another so thr. t t!l 

four G-:..gm~ntn l c : .:r~v $pproxinm.tely equal - see Figure 

2·,{L~. The orient· ti.on of the cone ~~q:?:rnentr- 1e not 

:r gulr,l' thPoU£1' u .:Jw eye, but ver·ieo :from vne unit 

t :: the nc.xt. l:r. t1· _: s the eye dif:L re frctn that cf rnoot 

Insect c r:m<l cr-·• t . er:· .. 

vicibl\ in tr!ln v ···.:;e sect icn • Figure 28C abc s a 

... u: -.rfici. 1 sc..et V-Jrout)l the ce;r,e ,qsah1.•: throurh 

only cne c:-i' th d ; _vla i~r..s# while -" iEUl .. e 2l~C i.e a. lonri­

t m~innl obliqu .. '-· _ct tou. p~saing tlu•cu,J • t ;o :.t"f the 

ui vision.... ~·: ~- s 20.5 1 27 end 28 .. -.oa.ss superficially 

tlU'(.u _:h tbe eel , utside tbe m.1 ·le i. 

H E. Ce \~ 

§!::~£? ~J..~Jn.g a e 1. ~. ernE" type. He rct.:<orcled them ae 

h vine- clc,_ .1 c1,:.,·. ~ lin.: cell:J with<. ut f true cone 

secreticn. 

Coz•riel"(;. ( JQ. Zb- ) bas described a eucone condition. 

Gucll eyee rre : 1· vi...~. ed wi tb o Eclid intrncellulel .. cone 

, ; ith the cone c .. .!.1 r.:;rto,?lasm and nuclei lyinc above the 

~ecrc:tion. In t:) is c ~r-e the cone cl .: s rly resembles the 

cucone type- L-: 1~ • ~.,-~ n hnrd secretion (simi l Ar in ccxnpce­

ition tl, thf' cut ::.~ _- l'ts of.' the cuticnlnr structurea c-f 

/the 



the bocy) but di:C:f· .. · .~'t.}!:l the euccnc ty_;:e 1n thct the\g;l:u. 

eecrction f illc .:~: 1 .:1ole o:r the celle, wbi.ch arE' o£ 

unuoual '-'hnpe · .:. ::·: :.;!k lr• nuclei in rt ~osition more )rex it nl 

than thrt nol'l'no~ ly ... ·cu.picd 1n ouch r:·yes .. 

These , !' ""11o m in Figures 21+ to 29· The ret 1 !"..nl 

c lls ei.ff :r .rr(. t,lo'"'e of Croustacen ae well an fl'0!11 .. }·( ~c 

( f: the c:.~ent mu :'r.• 1t~t 0f Inn _ eta, includinp: the relnt('d 

chllL:o - see 

o .iat, 1 c!' .fov· !Lls. Thia ia in· ccor• ~nee it i th~ 

_~tn.:i.nt...> o1' He~ ..... (1..901) and not ,;i.th tho.(, uf Carriere 

( 1{~(._,.5), he ... e~.:• ribcd c.nly .four ce.lls in n etne;le l~y( P 

1t})e cell! (' n ::mewhat oseytnot.t•icel nnd irreeu.l l .. 

in n.c•. 'n.Lew<.nt, :: .1..1.. c.ons1, erably uhortPl .. anJ sm llor· in 

the centrol th · .• 1 thE:. Pt'l"iphei ~1 e.ye uni t ll .. The rcl t 1ve 

lenr.:th of u~~per lo.r 1 .. layt re veries RB 1.3 ceen in 

Fit!ur·cs 28\ Em•: 2all· The ratio of thetr lengths is 

u~proximately no t:1~:ec is to fWVen in the .central eye 

unltc end ee r~ui .. ·a tv s1x in the peripherAl. The 

ma.xim,JJ lt np-th · J: 1·et1n.a1 celJ£ CC!"1bined itL one._ un.Lt 

ls 7~ and the maximum breadth ~~~ In different 
eye units the cells vary in size. /~he retio.al cells 

t t ur1ctable i!'l tht ll" . . P..ngenent, 

1 · l. .lnt no ver~· ..m ln.itc pl\ttel~n thl'C\.lf'rwut the r-y~ at· ~ 

/whcle 



~hol ~. In th·~"" 

:frot 1 the usual 1. 

u cct they recen:bl uef.l'nerot tnr eyc:.3 

" l ·. G1·uotacean ..i:'hilc ... acia, ana. dii'!'er 

; t L(n in the co·1.:..10tLl'l.d eyc;,a of' Insect 

The cyto1)1 .3 1 c:.: the retinal cells is divisible 

1nto two ;?art£ · .. ~.:1tn t~ach cell. The cuter, which 

oecu::>ies two-thi1·uo c .:: tht· depth of tlle retinal cella, 

is ·encely filled· lth coarse pigment £:l"ftnul ::~, uniforr:. 

in t iz r.nd arP:-·nc nent, and staini~ rePdi..ly with mo. t 

1 1 E'\1o etuins. :L':;c inn( r· part of th .. ~ cell is .l'illed ; 1ti1 

t .~'inely rrnnul _ ... ~ li · htly staininl! protoplasm. In 

b vth :l. C~n[' i tudi 1 ., nd tr~m.sv .. -·t·se t .. ec•t ion this ohowa a 

c::.•e.;. Ito ·1·.p~ : '".1.. \.! is very- sini.la r• :c; th t of: tl.~ 

co .... ap:.-n~1ing :r<:~£: 1 ) .. in . :achilidn. • ~hie ie Ilesse'e 

in li len the .; . } 1 v .• : the neuro1 i brill~e coUld net 

be t~cea int_ - He~ee (lJLlJ 

:: .. 1tinucua itb Lhe lntt ... r - see 

.9.-rlese ( 19C9, • ) . 
i'he nuclt i .1.. the r~tinultt:r- cello cS: the t wo 

-~ in appearance. They &re rouebly 

upht rical nnd l"r ;.:j 1• l l'lrgcr· than tho~e of the cone or 

.·H::h hoe a darkly sta ininE, outer 

b-. tmo.~ry rm(! f'J.no,;:~·-~ ... e rnnulnr, deeply otaining contentsf 

sone"7h<'lt conccr '" :J· -ted tov ards th£ y;cri:pheJ.•y of the 

/nucleus. 



&IS 
nucleus . , cert1 · 1 :n."lcleolus io p:·csent. The nuclei V<.d:, in 

position as cnl' 1>, ocen .f'rom Figur-e£ 2::: to 29 - (r.c. 1:.:. 

',~.'he cell h :nn.<lru•1es are not ver•y clear. The t ·o laye1•s 

or cells tenu tc ~~n toeether longitudinally, so that it 18 

otten dif:ficult t o diat1ngu1sh their exnct limits. Some 

indicaticna of bmmU.ru•tea, are apparent, in .. ?igurea 2C, 27 

a..lld 28. 

Tr·vneverse cect i cna ot" botb upper and lower layc.~.·c cr 

cells indicate t.t· . ~ r;nlls between adjacent retinal coll<'< :1-:-!VC, 

in the me in, bGt"!'l. lost by coalescence of the celln. I'r;m.d­

al•1cu ci'ten pC>!'Bi~t in the threc-c("'lled ln~rer· (.~.·1 i["ure -::: . ..,) 

olthoutrh they t:~·e 1oorly re-presented in the .:·our-cellE:u 

nt .. :ntum ( .. ~i£:U.'t'C ~:; . , 290). 

1 c~terelly the 1-et inular troupe oi· nd~acent uni tf> t re 

c2.Q..)e tonether bnt PC'1m1n per:fectly distinct. 

·~o the ccne lt! ,;, o ' ('" .1nt unu·unl n~t dlf.fer~· :tror:r that 1;-: . ~:.at 

I.nn ct compound e: ·~c .. Instc c.l oi' bl ing terrllinst<;>-d at, 01\ 

very slip-htly ..~'b ove , t ... 1e level oi' the ~ower enC. of' the co'1.<.. 

tnto co.1tact wit~ . "';:1e lo~:er eur1~i.C0U or t11e hypoderm ct.llc -

see 1'ignre :?8 . 

l'thO".J..f.'L t! e external c ur.fe.ce of the cy~ as a w1wlc 

is not t:wrkedl ;r c.cnvex, there is 1 ne ir1 crm dcd, convex con­

.PO'I . .J;rH.1 Pyee, a tcrcknc~.r i"or the 1!"-'Yler edge of the eye nn Lte 

to converge; sc ·:-··: ·.·:: th(~ r·et1nal cells Rr~ not unif'ol'rn Ln 

dit'metr-c t'!1rour~-:r.ut their· len~th but nre reduced in wi dtL 

/towards 
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:· ,nde in both U'I)£H.'l" MU. lOWtr leyel~f! 1 

·1 t tbe ir :!.o- :.· ends the retinol cells arc continu 

into n. lVC ribl C:? . "d.ch !aee to the= O?tic gangliOn• 

The rhr1l• - .. ';:es "1re oho·.~:n in ?it"u.rcH~ 27, 28 one 

2: (I'hb). The ..... !!r\.O'J retinal cells of tho lcr;:'ei' or 

ilu ~ ,· ·;t-:;1~ t · ' 
~, 

• .., • .l 

n ... if.: r• i~nglc 

,..h ... L·i;,r4t ·1,: - ·. .~.. .. trzE-. .:Lo:t''U 01. .. ft .!.c··l!-' . .LAinfll ~"latt.~.P<1. 
I 

1ft 

29 '. •:nu. r 

·; o · 1·.... in v. r~r L:.ooe cc.nt r ct with 

.t · ·~ ··r u.:~ t emtt.. thE:cc 
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rhnbdom rea, J.i:~ ..... . < il~ oubtcnd1ng r~tinal cell::s , l)ars 

latez>nlly up r~.t.irtd the side of tlv• ccnc, ith which tlH y 

ore in clo:·e c, n',; ct - Jee Figurea 26I3, 27, 28i\, 28.8. 

Thia i..- unueuul :h-.. I:1nccta, wh£,re in most compound eyes 

the rctin~l cell 

the . E me level, .-:.th little ovez•J.appin(• In transvl"rE _ 

!."t'"!S are in the i·crm of: a hc-:.low 

Th it ·· . , ito' f.vcr·, divided ir tc .f'cur CO':il_yart-

.... 
I. -

1r.d start 

'i'hey -:o'; l 

noG be ra ~-..e ..)Ut. n.g itu.dinal Cf.ctions but occur 1·~ 

l'• t iau.:. 1· .::ell ..1. t is .POlJS i 'blt 

J ll. centrnl J.' •• iruJ ol t:1,. bouruhu·-

tea o.:· t:.c r~tin 1 .· ~11L 1 J."'rom which tiL lhabdorJeree 

.1.'i1e :f'usion of the r t 1.nal cells 1n 

this layer it! 1.' -· _··twJ.Btely too cor.,_;L te fo ... · 1 t to b"' 

1 c t 11\ t~t tht c .!.'nc·r- cr aloJ1!! th e f! ides vf the 

~ c h J.' ~in 1 . 

L::: ~nc'i th€:1'•.. 1::: 1 i . tl{: J_ uht thr t 

/they 



aat 
the;t m'..lct be :p r·t ~r the retinal ct- llo. The lin,...s h!'"e 

t.rpr.d:'~n.t in l :"':..~_ at.; cr,py ct." H~aae's figure {1909, 

Pili· 817) but :rt . ·. lnnaticn ex..' tbc .. ; 13 Liven. 

) 1.::::urc 27 is l:1.c ·.,, ~:1e obliquely lcn.:::itudinnl s.ngle of' 

t11e t:.ect icn. :.:.1~ . c longnted e.lr.r,f;'l E. rh • bdcm(..re en tho :;_. rt 

once .... ut; to tl; 

,. '\ 29 L '-'e .• ' 1g ur e • 

l· ,, 

··.:11~1 r .n: · .ct ~..~ 'V · :;...,d into i.~.·i- _ lL .1c:1, cc;ll13 as in 

/In 

.. 
v . ... 
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In ndci.l t -:. ('.1. ~·:pee i.al ::.:-temer':. t cella ·· r e pi.•e eent. 

~ inr 1 cells fCP.l u com_letc pigm :nt 

sh. 'ltb about • c!1 'Jni t. 

nrc in contnct -l ·1 ~-he co:t-nca ant. e::;:tend J.o;m. to n1_;pl..,c.A:­

im _. tely ~lle l t V ·1 o~..~ ;;be ond 01' th(· .t' ir•st ro' of !'C ~:i.rwJ 

c~lls.. 11H?Y . . . 
... 1... ~ o:n .... ·letc mantl<:: •'- . .ll'ld the cone, ou1. l d c1 

t !L.: r(-t in· 1 cel l 

0.7 " ')..,. J'\... v'"'1,' _ :1.n..... ,_ v u 

(_ • .: • · nti .9 .. c • J 

eide of the Pi._. ce:l cheath to nake c OHt nct rcun(l 

!1s ) cdermal cello. :Chu:.; the pigment 

1.·.t~.nnl r • .n~ hypodc-:.."':n ce!..ls i nnide the ., 
. · Jlf sheath r bout L1€! cone, which 

cxtenDr down r 1·: 1 _ C O.L"nea to the en-1 nJ: tll .. .f' t1•st rvl..' 

• til; ccnc • 'i£:1.',.re 2G • shows tbc. c 

L . ~--L.-'-..Ct CGut:·-· . ~ ·ilh the l;y_ od..er;,~al cellc c.r t~l. 

i.n · .L cells the : l ilf;: nt cella are 

I, 
I# 



.' .·S im· J·dn. 

b '-· un r, r : o 01.: : ·.! 

1lc~ rh9t ·,re ft 

iO nc:t )CEO ibl 

'l'h cy ~ · 

:?v ( ·1.1 • '.· • 1 • 

i"'·~ .: . 

. . 

-" \..,.. 

!c .. 

., . 
< h 

<k~Cl' ib, d l>y 1. 

.::.ells are V• ry cir:1.~:.le ccuporcd Vil.2I: 

' &any Inoect.. ond ·;rus tt cc-:: - · · 1 I 

!. L:nt cells ~-r .1ot alTOS;; cl. ar•. 

nurnbt r c. ccllc con~·tcL"'ltly 

' • I 
- .i. J • 

..:. tntly - l.~ ·n:J.l "!r ['~1.~ lc .: s derwely 

1.:.1. " found thrr: 1.1L:1cnt the cyto-

l t .... ~'hil. . of tmiform 

'1'he nuc·l_ i · :.'. sma 11 md 

... he ('Y~, i b _, . tile 1·. tin~ 1 cellti 

\ .. _.~~1) - see :J~ 1 t .. tr:.>c ( 1909 p. 6G). 



c.f.I. 
c.f.2. 
o. hyp.c.n. 

figure aa. 

Outer layer of the cuticle. 
Laminated inner layer of the cuticle. 
Nuclei of the cuticular hypod6rm cells. 

-



IJsure a§• 

A transverse segtion a.orotUJ the entire i 9'!£i$le o:f' 
tne ey,; of ~tepism& sp. 

)(i cro soon 

8 mm. Objective A,pochroma.tic 
X 14 eyepiece. 
Camera. Lucida drawing 
3 /"section. 

Preparation. 

Fiata:!fion. Corrosive Sublimate in ~Alcohol 24 hours. 

Embedd1pS: Double embedding in Ether•Alcollol ( 75/25) 
' · solution of cellodion, througll chloroform 

in 50 degrees' melting point wax. 

Stai;nilljp Heidenhain' a lron Alum H ema.to;:cylon 
Light Green ( ~) in 96% .Alcohol . 

Jountipg: Through T•luol in Toluol Olari te . 



o.f.a. 
c. c. s. 
c .c.n. 
c.o.d. 

c .hyp. 
c .hyp.n. 

i'isure 24. 

Inner part of the corneal fa.ce-t. 
orystalline oone segment. 
Buoleus of the.oone cell. 
Division between the segments of 
the cone. 
Oorneal hypoderm cell. 
Juoleus ofthe corneal hypoderm oell. 

, 



l&&»a-hat· 

n~:ei~~ir!litil;:alb Jle ssa•.• &nd l)V~as· a•~! 
A· A 'rall.vexa e seoiion thl'OUSb 'the cone wward 

i ._ ttnd. 

B. Shewing a pordon ol ~ue inner p t ot tbe 
cutiCle w1 th the cone and hypod m oell out 
lo i t\ldlnall.)' wl th t .bu eotion P-"t~l~ 
di as on all3 iobro ut)l t.he oon • 

c. 8huw1ng a por't~on uf the innes· 1H1.:rt tjf 'We 
cuticle i th the aeetion p .. ain~ rather auper-
fi clall.Y Ulro~ t.he cun ~· Lortel tt1cUn ~eetion.. 

li9l9§Q9R£ 

4 mra .A;poohro atic ObJeot.tve 
X·l4 Holo•eopto &1&p1 ce 
OADl ra l,t.lc14a drawi • 
2. 5-:Sf eotlon. 

££!P!!Qt.~op 

A.a to~ Jrigure l · 



o.c.d. 
6.c.~~. 
p.c. 

p .c.n. 
c.hyp. 
op. 

r 

Figure 35. 

One of the cone segments - the cone 
being seen in slightly oblique 
transverse section. 
Diviaiotibetween the cone segments. 
Cone cell nucleus. 
The cytoplasm of several pigment 
cells ~hich have run together roun~ 
the cone. 
lucleus of the pigment cell. 
Cytoplasm of a corneal hypoderm cell. 
Space between the pigment cells and the 
cone possihly filled ~n life with the ends 
ot the retinal cells ~,which here 
appear to be retracted) 



l'l.B. 1.he apaoe be\ on t.ht oono !lid .PiS ant CJtll$ •a~ 
.PO••tbl)' have been oaollpie4 b1 ·th• un~u· en(1e ot the 
J"Otirtal cella. They were not Yla1ble in tbla s•oUott. 

0 

!(iero~cow 

2 • Oil 1 er1ion Apoeh:tCJ 
X 14 ~olo•cop1c e1op1ece 
Oel~41tra Lucida. drawinL • 
2 . b-3f seotion. 

irttJ?@!atl.o,J! 

atic o j otiYe 

As f tl r tne B(Jo tion 1n l'it,lll'e l .. 



p.c. 

b.hyp. 

r.o.I. 
r .c.2. 
r .c.b. 

r.c .n. I. 
r .c.n.2. 
c.c.s. 
c.f.I • 
c.r.a: 

Figgre as. 

Interommatidial pigment cells cut 
slightly obliquely so that their full 
length is not seen. 
Hypoderm of the body continuous wi th,the 
the pigment cells . 
Retinal cell of the upper row. 
Retinal cell of the lower ~ow. 
Indication of a boundary separating the 
t wo sets of retinal cella. 
Nucleus of the upper row of r etinal cells. 
Nucleus of the lower row of eetinal cells. 
Cone segment out superficially. 
Outer layer of the cuticle. 
Inner layer of the cuticle. 



I 
I 

A, I'nl"-iUGb the ~ u. te .~. o ·~ GJt ~•1 t, t.o 
41 rtot n \1 n~ ... t1 <)t pl~un t e ll. 

d .no .o ut ·thtt ~cal ft1 l 
cella. 

B. l nt,1 tt.ldlnal ~ 6Ct.1cHl "' i1 t r lui 
ta. Y6 UUcl01 v f • tbJt• Uni • 

,.!_ 0 ... .. .. S" 
• IO()INOII\....___.1.-IL---....._1 __..I_J - - -

tliu Qaamu 
• • Al>OOil¥Otaa 1 o bJtc ti Vtt 
X l4 llalueco~c ·~• ·l•C) 
C ttl"& l.uoida drawl · • 
2. 6-~f seQUun. 

is•uf!!Atiga 
OX' we I ott. ll t1 lfl UlrC I ~ 

i n r r' ••• ,.. 



c.f.I. 
c.f.2. 
c. C.· 

p .c.I. 

· r· . c . 2 . 

p .c.n. 
r.c.g. 

r.c . I. 
r .c. 2. 
rbc.I. 

Figure 27. 

out~r part of the cuticle. 
Inner part of the cuticle. 
Cone cut superficially sho~ing only 
t wo segments. 
Pigment cell i~ contact with t he cornea and 
extendin~ down to the first retinal 
stratum. 
Pigment cell out through obliquely 
so that its full ventral extent is not 
apparantt 
Pigment cell nucleus. 
A section of a retinula group. From the 
condition of the rhabdom it app ears 
that the section passes through both 
laye~a of retinal cells , which have 
run 1nto one another. 
Upper layer of ~etinal cells. 
Lower layer of retinal oells. 
A nhabdomere of the upper l ayer of 
retinal cells. 
1wo rhabdomeres of the lower l ayer 
of :retinal celi\s ouh obliquely. 



I 
! 
I 

cJ.o. 
,.~ ... 

I 

I! 

------Q======* ____ J ___ ~· ___ 1_~_' _m_m_· ------~~ 

11 ,s:.~:·o u cg;px, 

4 • Avochrtlma ti c (/bJeoti vo 
X ~4 Holoaoop io eye pifoe. 
C 4tra Lucida dl'aWiJ16 . 
2~ 6·3;tv seotien. 

·· repf\!'A~i0P 

u. ror <.be ueQt.ivn . n 7 i t;u:re l. 



c.f.I. 
c.f.2. 
c.c.s.I. 
c.c.s.a. 
c.c.s.3. 
c. c .n •. 
c.byp. 
r.c.I. 
r. c. 2. 
r. c. d. 

r.c.n. 
rhb.:r. 

rhb.a. 

r.c.p. 
r.c.c. 
:r . c. 
P • c. d. 
p.c.n. 
b.m. 
n.f. 

Figure 28. 

Outer part of the cuticle. 
Inner part of the cuticle . 
QQne out rather superficially. 
Cone cut diagonally. 
Cone out very superficially. 
Nucleus of the crystalline cone cell. 
Corneal hypoderm cell. 
Retinal cell of the upper layer. 
Retinal cell of the lower l ayer. 
Division between the t wo l ayers of 
retinal cells. 
Retinal oell nuoleua. 
Rhabdomere of the upper layer of 
retinal cells 
Rhabdomijre of the lower layer of retin~l 
cells. 
Pigmented area o~ the retinal cell. 
Olear area of the retinal cell. 
Pigman't cell. 
Divisions between the pigment cells. 
Pigment cell nucleus. 
Indications of the basement membran·~· 
Nerve fibres with which the ~etinal 

cella are continuous. 



A· Lonet tudinal SJeotion slightly mora aup rticial 
than B. 

B. t,ongi tudinal rz act1on ,urao·Uy throlll,.h tbo 
eentr of th• o ,..tid.ium. 

C, L l'l!ti tl.ld1rt8l • ectioll p 
only t.u.ro~l ... tli e.xtrem 

Ill cro ~cuRl 

4 mtn Apoclll"Oma.tio objeet.1ve 
X 14 li~Jloscopie e'1 ~Jieoe. 
0£ era :Luoid drawin .. 
L . 6-~i.f section. 

'frepnr!ltJ gn 

i1ltl:.., very t 1 u.l.ut rf 1 ca Dll.Y 
th~& ot tbc cone .. 

T!u) afill\e as tor t.he seo·tton 111 lri~ut"e I . 

I 
I. 
I 



r.~.p. 

. r.c.c. 

r.o.n. 
r. c . d . 
rbb. I . 
rhb. 2. 
r . c. 

0 

Fip;u:re 29. 

outer part of the retinal cell 
filled with den4e pigment granules. 
Inner clear part of the retinal cell 
surrounding the rhabdomere. 
Retinal cell nucleus. 
Division between adjacent retinal cells. 
Rhabdomere of th~pper row of retinal cells. 
Rhabdomere of the lower ro• of retinal cells. 
Cross inside tb#frhabdom- see text . 



A.. '!t:a..ro b th fi1'~ is to til ..L e r vi 
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2. ~- ____ n~t-~gf_!he 1:oter 1 ~.;.(2Cr'P.0~9:£~ o.;:_ Machi lis BE 

1'be eye or ~ch,!~ __ :tJ.ll~tt1ms. w•. r -e rr"'Xi. 

by \ u ns ( 1887) and of: :.-aphil£e up. b)t Hecoc (1901) 

and ·ton (l9C3, PP• 319-3~9), Berlese (l9C~, p. :', 

Pig. lG), Comstock ( 193.3, p. 140) and nod~·r'"'. a ( 19.3:; • 

p. 51 !- 11 .: J.g. 282V) hr.ve given figures and o11 •. t ~ criptiono 

of t1 

1 en tho original de cri tic 1c avail blo. 

more detailed Jescriptivn cf the~c yen 1e 01Yen 

bel eng 

t!Jc l~ytcta (whcr th y ar·c found only in tho 

) it: of nc.. int r at , both in N s rd o "'110 

or thc; ... e eyer. thc..meclvea and for the of' 

th<. , ·1 th t1J< ;·eo.111ar eyee 1n th ! .. e.)ic:t!lta. 

,.ccpt her~. otbe iBe ct• ted, the -c ~r:_·t_on given 

t conflict· ith f lJY o!' the availabl er t "" ... : lam 

on t! a :ruetUl•c of the eyee or ·ach1lida bv.t - _ V(! to 

am_ .-1-,; theae eomewhat, since the available i. 

to 1 i ttle met·,.. th n a list o1' too n'"" o c cr each 

tYl~< f cell in the r ~atidium. 

nd 1:.cvnblc. 
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1n r.:! )C ·fith the convex po.rt cf' 1 ts cutli1.e troor . ..;.n the 

out~:: ol e o'f the head. 

irnnt~,d an-i touch one another for a short diatar:ce along 

th< 11• ~ dges . For the rest the eyes ar· eepvrate , co.ch 

lyi long one fi ide of the anterior part of' tile head. The 

eye 1 uni:fol'rnlY convex but the convext ty i s net n r~:cdly 

gr t r than thnt or the surrr.n:intling f:!Ul'".fnce t f t~tc heao. 

Th ·c tr- clearly facr tted ond through th '£rH ~ t t"1c dark. 

i ]"'.z:, r, ~a igmcr.~.ted r,.e rto ~1 .. the eye can be necn. 

Extc : ... l cuticule. -- -
~he eye cuticle i o tr--noparent and C' l< .. u•l ... o, 

.,·it: t · xternul ~cco.x· t ion an .... conttnucu.G 1t:1 be g ... neral 

C t..V ri rr. the body om·-·· ce, : J.' Ot:l whictJ it .-.;e.., avi; 11'f~r 

It in Cv1':1~ c ed (,~!' regular, eqt,_ll t .r 1, 

,cets, whic1J rc xery nearly c:c.nti,uo:.w , -lth 

area or chitin betu .en udjaccn ~ 1~.-:sce - see 

eye conaiete ot abl)ut three hvn red .: tlleae 

!'fJ C(; , t.:lich tu•e arr·ane;ed in regular, alterru tinr~, vertical 

ro .. Tllc facets ar practically uniform in s'iHlA e, area, 

thi ~:nc a ancl curvatur e throughout the ey , itb nly ver:r 

e 11. · t irregular! t iee to· nrd& the per1phe.ry. Ti.1e lenses 

are n t suff i.ciently ct"·nvex tc. g ive the oHt r ('>Ul' ec cr the 

eye 1J • <.led ar·pearancP-, yet ench :facet ie it ' J.- .·o""~C!WO-

cu·:v x 1c.:1 ~he convex1 .y xtc>rnal o.nJ the t.', ' cl~~- a !!renter 

• 

/'ieither 
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Neither externally nor- in section do the !' <.: ts 

uhC' y trace or a l~cuble> or·icin, al thoUfh e ell 1s 1ccreted 

by t.:o c arate hypoderrn cellc. The cuticle etc. ins u1.1formly 

1.d <vi ·cnce of' lamin· ted t'!epoai tion in euccecoiv layers, 

S'l·Ch o :r1' .quently occurs, ia not clear. 

Q.u:Jl. ~:.!!!}· 

The call~ sec1•et T!g the corneal lc 1 e l'C leorly 

rleri' d .ro the 1110 r .£pcnoible f'cr the ooc1•e tion 

of' cut icle OVel' t:H. genernl uurface of the rJ ely butt 

tm.: 1.1:: the e, they de not -·oro a continUi..\.l. yj}O 

l.a:, .l· I not ad~ ouccec ive pail.· of cel1e, T)QnB-

ili .he secretirr .. o one of' the cornt'. 1 re 

1)y up ··qrt.• 'res ·c ... c..c c!' tbe int~1· . iement 

1m:)111£fJ l1 th thin p~ rt~ of the J•n u 

.:1-:! .fpccta. lov.g t:K 11~ upp-er mu·. · c t· 0 

adj nt hypodel'msl cellc- , re 1n contpct ith til ent i~e 

lc· r aurr <.e c1' the co l ' apcn( ing facet. Tho cc ls 

r~ the eorre pondint: strtlcturea in most Innect 

co . oun:l eyes il'l that they hnvc not beeo · late. lly 

a. to i'ol\-n ,,iris" P1Brrtent cello. In.et d t 1 y have 

ret, e nad. u.n,. iom~nted and lie just above t 1c C ' n nd unaer 

the . co~, in the ;.?Cf'it on in. wh ich they cc.:!t'l• -i.'!l t~te 

r11.1t vc fcm or th C1•· st~ eC'sn ey+:. - aee tos 

fhe cyt plasm o · t:H ne ce1.1e ia th ir:.'7' t .,_ "t~let 

ci £ ny '- ~ h . r cell in Li eye ond in etaint d il. - i:?{ed 

with l "'ficulty. T". us, althoue! the cyt(, 1 L ( .hy .c.) -

w (l n t b e 

/ ut 



out in Figure 33· 

J.1}le nuclei are relatively large with a thin darkly 

atain1ne outer boundary- see Pigurea 31, 32 and JJ( c,hYP·n.} 

They hs.ve aparse, deeply staining, coarsely (ranular con­

tento, re without nucle~li ond. are rat.bcr la.reer tllll!l the 

cone cell nuclei . They Eill nearly the ntira lcnf~h and _ 

breoC:th o!' the cella, as can be aeen in }' igmr.eo..> J2 a.l'"ld 33· 

.ne or ientation o:r the hypoderm cella in :.:elution to 

the cone segments is conatont and regular tl1rvu,;::h ut the 

eye. ~ne d1viaion bet een tlle hy";odcrmal caJlc 1s at J."'igbt 

ar~_-co to one r>lane of ... lvision between thC' !', tu• ccnc cells 

ana · nll .. l to the ether • 

• 1e boundariec o.i"' the cells ere clcaror ·i;Jlan in any 

o!' tile o r;her eyes described~ probably du tc t~."" -;: ... ct that 

the cella themselves seem t o have retained t11cir primitive 

size a."lG. JOeition without 'l.lllC.er•going grf.at l'cduction or 

dio looc~ent . 1~e upper surfaces of the cells aro applied 

tc, tllc lower aur:faces or the cuticle. Ventr lly oecll cell 

ie bcttnded by the underlying cone cell nucleiJ t ·c to ench 

hy;odo~ cell. Laterally and internally caoh coll is con­

tiru ,w with the other member o~ the pair rnd t!.e bcu."ldary 

is OJlitcrated, while externally each cell is c.-O .lY 

ma!'·~,~-cl o ... ~:r !'rom the adjacent ~dement cella oc.., o-•ut in,., the 

cmt .. tidiu. 

~he hypoderm cello are thicker cent1·a:...ly t11an 

per.i. he:.-ally, in acccrciant!e wi tll the p.reaerce ,JJ: at"''l. a,:> leal 

pc,1r:t n the u.z.per surface of the cone a ·parct·~.w. ~he ventral 

ueptll • the cells iS 3-l+./" and ·their ver lp~lC- 81 Cl)tll 9-10 f . 
I • I .... JUS 
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Thu.o th<l.Y' ... ·orm a cap ever the u_lper end or the cone n?paratus 

but ao ~ot extend round this below the level of ito maximum 

w1Clth . 

J.1le on~~ and cone cells. 

l'hc cones lie im11ediately below the hYJ. od.erm ond 

fer a :cnspicuoua and uniform layer acroeo tlc ~yc, ench 

cone 13ei..llg composed of i'our cells of whicl1 the c~"tc 1 sm 

han c~ J.a _-4>-eared - that is, the cells have be~n entirely 

c<-nvarted into, or filled tith, the material ~~- their 

cecr(;tiono . In this tl1e oyce renewble thcLe n.~.. t -,c I;cp1amat a. 

'ile .rour nuclei nre clearly apparent - co 1.1.._.ures 

32-·~ -(~ . c .c .n.) They rnd1nte out to ror c .P •:Vcr the 

co1.c o .ente. l'hey ~:.rc roughly of eq_ua·l ai2.e md are 

a:tr· e ~d along two ax .s, a~proximately nt r!r:tl~t an.['"lcs to 

one ro10tho1~ 1 aa are tbc una.crl.ying and cor reo -~~ndine cone 

aeo iC .t • .he nuclei are not ·st~1ctly recu}.ar or aynrnctr1cal 

in ttJ.1ne, but can be roughly described ao dorso-ventral ly 

flvt tc.l.cd st1~ctures, ~ 1th a s urface area ( ..-n t ho t 
l • 
("T 

cUl .. •nc ~ o · the cone) corresponding to that ci' a .• 1 ch·nn.t 

cr h . 1 phere. They have a thin, deeply at aj.nL~il, outer 

wall ond tak. up nuclear stains More dee:..•ly than the nuclei 

of 1-l.o 1lY.:oderm. cells, their contents be in[" rc . .'inely and 

denael7 [!I"nnultu• . Like the hYJ~oc";erm nuclei hey ru.'"'e 11 tbout 

nu~ler,lus. ".l:heae nuclei lie belc· tliC hy 'oderm 

ceJ ..•. , £i •.• 1 the lowez· b.:undol"Y cf' ,yhicb tN:! u.re in ·!ontact. 

1'h ·7· 1:,e arrnn.r;ed to :.::'crr.1 a <:a:P ever the r iOC(~ 'J. per aurface ,. 

/o.:. .... 
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-cf t· cone secretion ·n L explained abov ~-oJ ctp to some 

ext t :, t~ ·!?en the by ·>oderm cells - see :i:-,1, ~l' 32· Zhe 

nuc ' .. i, 1 i.ke the hypo~'lern cells ~ bove th m, .:i:cnd dmm. 

!'a.l .. sa the level of the maximum ·idt> · f' th cone • 

..1.'h o.xLru '1 rod iue or length o£ the nuclcUD, ..... 1.t lt s 

alO'i£ t '1e coih?, la 13-15f" . 
t.K. C'One secret ions, nt5 nent lent d .~bo·- , ~. ~Y the 

cnt i -~ celle. In th r! unata · n. d eye thes l.. I' 

'lhc ccme st v r!Y uch 

in t. 1 rll'.-.:r of tht {'C-'nea nnu i prt;u., 't bly ... 1 i ~ ·.n i ,ed. 

B .. t" :·:w _)ocition c~ +'' ' ~. - nuclei and th~ n ·~1.U"e tho cone 
..... ;·. 

pla<"C 'Lt in tb~ euconc ty_)e.: .. ' '··. "lt" i-U£h the cells 

ae ~ epistatu are ebno~ lly reduced. 

ne entil'•e cone occ:l"'eticn is in tl1e _., r! 1 1.. .' t 10 conical 

ao_ ido ith their baaes .:."'ir'1ly f'used tog("th 1, tlie u:_..per point 

beill.f burt rilld broad and the lo :er cnc tt ·)cr·i"l,_; to ll long 

ni:!l'!' ' _ r int. The maXi":'lu.l Width iS 19-20f f!!d t~lC r.1nxi mum depth 

~4-1' .. ,1.,... rhe maxirnun width io ett a lned about h/' bel the 

ex of the cone. 

"1t: cone segments , r "' S6parated f'rorn .ne no ·,~1er by 

feu" lls roughly at richt aneles to one nne tile • -1leoe are 

def'iC" t..;~t cr inc<xnplett> only in the u opel" nuclo. 1-. :..:eglon -, 

see tc~.u~es 33 and 3L~. The segments are net c ~. plotcly 

syn ct ·ict'\1 but theil' v:?rru1gen1ent throt"tgl"t ut t:.c C'NT! 1s 

st _ · 1ently !'€'gular to !"cr·1 a very definite . ..,, tt\.,: n , which 

i s 1 t reBent i n the c.teB in I~- i sr.tata. 

1.tc1·ally the ... on e s er .1entG ar-e au't·rc.";Jn(:cd ".J:r, but not 
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di in contact wit:J J the intei•ommE:tt ic.ia.i. Pi. l.t cell a 

(p.c-L '7hil, the lower~·_oint of the cone ie in co .. . trat with 

th<~ ·- :~ .r· end of' tl1e rhabclom - eee Fieur·e 31. 

~"'!etin 1 :~ells . 

'1e r.rrangement o:r t~1e retinal eelle in a Dingle layer 

reo~ blcs that ·of the great ·majority of InsectD nd. 'ru.atacea. 

c.nd d . on.dit1on 

of t . celle in Lep1snata. Th r are seven ret J.nal C'"lla in 

c c· .!:1 tid ill..~· in this c oe. Cude:nans ( 1<1" 7 1 deocri1)Jd 

.. nly .x. Hess(. ( 1901') nd eaton( 19'13), m:l oc ( l~'J; , p.G()O} 

snO. 3tcck ( 1933, P•l40) m #nt icn eeven. 

;he cell , lik the ccnc.c, are :rnirly m .. ' :!? r in 

arrnn .. tent and o1ze thrcug:wut the eyes at ·ml.Y one _cvel . 

ln 1 th t 1.~.~ c nver.e;ence or t~. Of! · t ifi:l.n .; arde 

t '"t 1. r ..:·educed i n t c 

max· dia 1etl'. ol' 9-l "'!f t1...'t"l.d a !'!'laxirntll!l lel .. t· J.. 1 't . 
Tln.u ··u~y . cerr.. aomewi1ut ~ .. \..l1·te1· tha:"'l. t11oec. Of pin ,, ta. 

Tllc c iaon is misleadln: ao the retincl cellc lr_ the 

lnttc extcno up rvund th~ ccne ror e coneidcr b_c d1otance . 

Th pc:rt belc the cone in 1.~ep1s r:tta is o .. LLY _, .J~f 1n length 

~o th t the ey£- unit of the t'lChilids is, o G • ole, much 

lcr r c.. .nd alc:lderer than that o.f I.episrv1atth 

In coch ~.matidium the cells are eqi..ml \ itll no t~ndency 

t( ~·o1.1 ing or tc the redu~tion ol"' auppt~c" sian J.. o:trJ cells. 

Nei£hb ur i.ns ret inului' groups are Bel;a.ratcd b~- Oi) cca, Uhich 

. ,~ n ;. cc_ c ce 
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de<:rc .•. - o in size towal·ds the base oi' the eye - sec ... i.[rure 35· 

-t their lou-e1· endn t!1e retinal ce) J.n rc"c continued 

int . t .1e nerve fibres \lbich pass to the optic g(U).£lion. 

~~~ cytoplnem ot the cells takes up meet ~lnam ataine 

very uoc_~ly and is fairly uniformly and coa~sely cranula.r. 

The D0~i~heral parts or the cell tend to 8tnin ~oat deeply 

due tc the higher concentration there of the p1~.~nt granules, 

which ill the cell plasma. Surrounding tl1e rhabdom in a 

clcru. circle. which shows a fine radial str1.ation and 

D.J?.L al"cntly corresponds to Hesse's "scbaltzone · - sco 'tierelee 

(190S', p . 051) . ~s in the Lepisma:ta the linco~ presumably 

neur : ibrillae, clearly visible rhere the cell io u.n_:-~1gmented1 

cc.n .. u<l net be tl~aced tr.:to the rhabdo:nerea, -· ......... 
!\.L !...) 

( l~ CJ.; dt-acribed this aa i~beil• t --r-ninat ion .. 

,ltllou.gh the lateral boundaries bet\fucn the adjneent 

celJ.o O.!., a ret1nula.r group are pl"actically C'rJ~U.tci•.-.tou, the 

ori;_Ll .;. :J.umber of the cells ie af..'Parent ~"r-~ 1 t;1e oevan-.fold 

~1:le nuclei vary sc·:1ewhat in their lcv.c L but .~l\7ays 

s:.J c :-- ·.c· .l 1i th a deeply staining bounde.ry ru· .... t!. ·;iitl1 on~ or 

twc nuc leoli. J.'he contents l rc dee.DlY stainir:.t and !:-:rtmular . 

Tbe r.ucJ.ei are of' apprvxir·m.tely the same ei.v.c nt:l thooc or 
the :pi .:~nt cells - see below. 

'i'he r~ nbdom. 
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~ wliu l•habacr.... 'i'be m~Xl1.:u:.1 diametre of the :. hul>d~;J does not 

eXC:l:Cd ;~ fl aa ccmpa.recl witn t~- thickness or" u:\ t e l; t' .. ·or the 

ir~G. ~ ·..-l,lthl rhabi!omerea i n J.~epiemata. In lon._ltucUnt=tl sect ion 

t:1{ . ~l 1:>-. ... cm a),;peart:i as s slender rod ct .. unif'. l~ 1 size, ratntl y 

2tri ted. trtillf,.Vel•Sely. ri'hin trar.&.JJVOrne secticns, 01.1Ch as that 

d.ie.t- ... ~.Ltically shown .in Figure 37, indica te uorc clearly 

a.lc!l6 1·ts entire length a even lobes of flutes, :four· or which 

arc l arge and three small. J~ach of these cu.~.·res~ orulB to one 

ceil , by hich it 1o preawaably produced. It i e net clear, 

br .. w< ver, 'thy, i:f these are rhabdo,1eres, th1•ee . the1n ahculd 

be -~(~need in si~e, while the retinal cells, :Peo onLihle for 

ceet.onu r 1.ly into i'our lJol·ts s by t wo lineo 1 : 1.1.. .. : 1y ~ t l'i[.ht 

or.~.c; _ ..:·ec nnd one srnall part or the l'hab~{ .. · ~f1C 1 l ,. lt1 le t he 

ff,l th ·~ n.taine the l·eU!ainin~ sinele . l~,rc lobo. :t ccems 

pcu :::.~le tl1at a! ter .i. educt ion cf ·three c... t :.c _ : .. abclr:: .. 1eres , 

tlJC L.in irtt: ones 1uscd us nearly as poBt:oib c in p il:'c . 

ic·1oely v lgmented cellt.. EJUl .. round tJ-e u_ pei.' part ot: each 

ret l.n :. cellc and contain£ nuti.1ercu.-:, unit crr.O.;:. distributed, 

eon;.."SE. -:; :.,L~E.:lt granules. Tbe cells abut ~t tl.c i~ u_,per ends 

/on 
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on t lw p~n·ts of the col'•nea between the 1·nc to. It io :,osa1ble 

thnt t;!Jcy are rea pons ible J-:ol. .. a part in 'the f'or- :tt itm . .;,}1? 

tbe~...e a•eas oi' the cuticle .. Theae cell a end uclow ut 'the 

l evc.:. c~~ the u,tJper ends cr the retinal cells. ''ilCJf u ... e 

aer.r r .ted .... 'rem the ccncA 'by a small epaee .. ?be ' .rv .. 1 ot: cells 

bet ·con two successive ormatidia, when oe ·1 in 1 ;p~ •.tu<linal 

c:e,.ti n , is triangular in shape, arranged ,tt: .. ;, thinly 

~·olrted n .,ex and a brcnd base to 1'111 the a tc~ 'bet ""on the 

the ~it; tent cells are net at all clear, and~ !C. :i.rte al walla 

of t~ c c~lla, where tbey lie close to th c :mr:.: , oro the 

onl;.· nl~urp boundaries. ...ecaur-e these boundariec arc lnd1atinct 

an<. ; ...:c .ruse cells are abal·ed bet een ad j &cc:nt , .. • atil1n, it 

is r ... ~ t 10A2ible to assien f" defint te number cr ceJ.lo to each 

~he nuclei lie a.t dif'.ferent levels r:·n<l · I•c !"·vUbhly 

e_,he.· ie tl li t h a darkly otninin£ boundary, itL l1cn£el.y 

~.-"'r·h-.C. 1r, d.ecply stainlnc; c0ntents and one n:· tr;o ::r~ucleoli • 

• ~hln base•r1ent ~.1c .:bl•rt.:ne io distinct:: hce.n tlwougb-

out ., _ _: eye a t the bae(j o ...... the eye, throt1.2·~., · h :.c1· t:1f!! l"l.erve 

. · · ~ ·" ··.1•c cent inuoua with tr.iC. r·et lnal ·ell£ . . -· · ~ t. •. ·~ cheae 

ic..r ... c._ i. .L·cs apecial End cr it Leal otainir.1[:, a:wl t~"H.JiP 

orl'at~_;:' ..... nt ia of l'elatively 1 it tlc 1ntc1·eut. in •.:r r~~n ... 1son 



Figure 30. 

'* c . f. Hexat,onal cuticular facet - taken up 
llaematoxyl iin a ·cain. 

c . f.I • .fnin cuticlUla be tween ·c..ne facets -
takes up the Kosin s ta.l.n . 
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Figu.re 31. 

e . f. Co r ne a1 f a.ce t. 
c. hyp. e.Cytoplasm of'corneal hypoderm cell • 
c . hyp.n. Corneal hypoderm cell nucleus. 
c . c. Crystalline cone filling the entire cone cell. 
p . c . Iris pigment cell round the cone. 
p . c . n. Pigment cell nucleus. 
rho . Rhabdom in contact wi tl ... the lower end of 

r.c. n. 
c.c.c.n. 
b.m. 
n.f. 

the cone . 
? igmented C.Ytoplasm of ·the retinal cell 
Retinal cell nucleus . 
cone cell nucleus 
Basement membrane 
Uerve fibre 
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·~ . :!;aiM .4¢ I 4 C ! J .. ,+itJUOll.t~~} 'i!l ~1Q l llt.L1 fll fJ.,J.ld 
ht:-1dfll· in • lron ftJ.l.lll ~ tlfU\atu' y.l.c ... 



c . f . 
c . nyp. 
c . hyp . n . 
c . c.c . n . 
c . c . u . a. 
p . c.u .. e. 

p.c. n. 
y . c . b . 
c . c . d . 

c . c.l . a . 

Figure 32. 

Corneal facet. 
Corneal hypoderm cell cytoplasm 

" " " nucleus 
Crystalline cone cell nucleus 
Cry a talline cone upv.er apex 
Attenuated end of 1-he pie>ment cell lj 
between t.he UJ?J~er ende of the orouatidia. 
Pigment cell nucleus . 
Expanded baae or the pigmen ti cells 
:Division be tween ·the begruents o:t· ~he 
crystalline ~one - one of twu div. a:1.0nu 
Lower apex of the cryH ·talJ.iRe cone. 
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4 Apcohl0mat1c Obj1ot1v 
X ~o uoloooos1o yapiooo 
c er l..uo1dA dra,.i 
3- 4;v ac;ct.1on 

f ~ x mmtipa 

to :r s~ct1on 1u i . 30 

As fo~ ~ot1o.i in 1i • .'3C 

lt~~'~ntna ; i'i$pi ntrH _n lfot land' e tluid. 
Ke111enha1n ' a I:ron lu.11 He.cmntoxylon 
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Figure 33. 

p . c . Pigroen~ cell 
C•ll.Y i! . n. Corneal .nypodenn cell nucl eua f'illiner; 

vracti cally ·the whole cell . 
{Cytoylasm did not Hllo" up in r.llis e< ct1on: 
stains poorly . ) 

c.c. Extreme t.ip of the orystnllirle oone 
c . c.e. n. Crystalline cone cell nucleus 
c . c . c . n . d . Di vision be·ttteen the nuclei of the cone 

cells. 
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;~ 4poobroaat1o Oil 1'tm ... •e1on e>bJ~ot.lv .. 
X l 4 flo.lonco~.;1o ysp1~oo 
a ~o~& Luo1~n draw1n 
3-4 f" $ O'l\')n .. 

k..'tflUb,'t&t~fJ!i 

Aa .(():t aeot1on in F1t;;w:ro ·o 



Fifiure 31_._ 

( A:; B, C represen ·t :Jucce&; .v i vely deeiJer levele. ) 

p.c . ? igment cell 
c . c . Upper of crya ·t nlline cone it.h l .. he division 

into segme'n ·ts not olear. 
c .c.c.n . Nucleus of tbe crystalline cone cell 
c . c. c. b . Somewha t irregular boundaries of ·t.he 

crys t alline cone cell nuclei . 
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3iUftl Al)oebrcna&t1c 011 inma~l'sion o"'tJj eoti?e 
Xl4 Holosoopie ey~picu~ 
Carce:ra Luolda d.ttut1J1J 
3-4 f aoo11oth 

Pr::J~.~;a-tlon .: 

A a fo:: aec\ion 1n n . 30 
• 



Figgre 35. 

p . c. Pigment eell 
a ~ Space separa. tin5 t.be cone f :ow. t:J.e 

surrotmdin~ J,>it:ment celle. . 
c.cl . e . b. BasAl portion of t.lie er,yatalline cone 

segments etill separate 
e . c . b . Somewllat asymmetrical boundariee between 

the crys~alline cone seementb 
p. c.n . iligmen t oell nucleua 
Q . c . c . n . Crystalline cone cell nucleus 
c~e.u . e .. ·upper enci o:;.' tJ1e cryHt~li.ne cor1e 
c.hy p . n . Corneal hy ptJde ru nucl.tue '!" Cy tovl asm oi' 

the oell very faintly stained and nut 
shown . 
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Fipre 3o. 

I - VII are seo~ions at successively deeperlevela 

r . u. n. 
r . c. 7. 

rhb. 
r . cp. 

r . c. c. 

Retinal cell nucleus 
seven retinal cells to each unit in 
I-VII 
Rhabdom mass 
outer densely pigmented part 
of the retinal cell- thelobation 
of the outer edges of these partat 
anables one to count the number 
ot retinal cells. 
Olear region of the retinal ce1l 
surrounding the rhabdom • The 
eytoplasm here is very fine • 
staina faintly and 1s marked by 
faint . radiating str~atione. 
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~.>v~Pll:.:t 

a ApOCJ) rorw tio Oil 1 tn ~a1on Obj$0,1Vft 
l 14 HoloacO};lc •r~1eoa 
o. l.'a L'-'01aa d%a•1lli . 
3 f eeot1on. 

f.~ • ·:rUisliit 
3() . 



Fi,~ure 37 . 

:r.o. 
:r.o.p. 
r . c. c. 
:rhb. 
rhb. d. 

:rhb.I. 

rbm.e . 

One of the seven r~'in~l cells. 
outer pigmented par~. 
Clear inner region round rhabdom. 
~habdom. 
one of the two divisions which second­
arily diVide an originally seven part­
ed rhabdom into a four par,~d 
structure. 
one of the large lobations of the 
rhabdom presumably oorrespondin& to 
an original rhabdomere. 
One of the small lobations of the 
rhabdom presumably correapondiaa:: to 
a reduced rhabdomere. 



Thr din ra.~ •~s eonstrua~ad 
h1oh figure 7 w~s ken, •~ 

from th B3at1on troa 
n und~r oil 1Ma~raion. 
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. ong the ter-ygot Inaocts n sinele .. ir o ~ lateral 

ct ~ ound e;reo is tl'i'1ctdly nnd primitively p cent 1n the 

dL.l to. .mong those w1 th an 1ncom1'let metmm, .lh r 1 ', the 

eye :l: fll: dunl.ly. developed by growth of the r~· y ~l 'J~ -:o.-npound 

fYYC• .ong those wi tl1 o Cot1 1lete metarnor.~..;ho ie, tho lnrva, 

witl ·:c excel)tions, iB p~ovided with s1 rt lC1 'lllltlfit;iego.t d 
I 

lntc , llloll tu.~ u.aually ocelli, but n0.1et l.toa very 

n t!.rl~ \! at idial in structure - see o;prot"~ . '.1.11eae lal'Val 

e3 a and the co.tpcund eyes are tormed nncw in the 

pup • In n t cases comvoun4 ey are precoc.ic.nwly differ-

enti t~d ln tbe larva. mans Diptera thia is the ~aao in the 

etivc tuatic larvae cr Culicidae and Chir{r:niu·e, tn wbicb 

tlle trorrtll of the eye iG deseribed in detr il 'by . vrcl 

( 1~ . 7 •Ih ~J-J-8). Larvnl ccr ... ..;ound eyea are also ~ c, .. ,... in 

eo r~er-u and amcng ti.1c Lepidoptera 1n :!crept 

acct .. ·uing to T1llyar<4 (192'., p.l3). 

••'('f i }~"-
'£.-;,-~ 

I 1 some Pterygcte In t c t~ the compcuncl . y . mflY be 

gr t tly -~educad or even lost either a:porndic1·· J.y, l r. those 

spccic:J t CCtVernicclooo, bm~_owtng or pru:coiti · ·1 'Jit, or 

thr·"ur 1 ut an {:.ntire or .. r·, where .arnaitic h·blto 1.:?oveil• 

;~~hey 
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Th! y :!.•e clearly lacking in some .female !2nbio~"ltcrn, in some 

Cc .. e1c1ue, ln wingless ~ol~aptera, tn certain cnstee of: some 

opeeiee o:r Ieopterf.'l and aocial Hymenoptera, in .f:mt:lle 

3trepei .'tern nnd 1n scme Ooleptexan - eee '1di-i't~ y (- £" )5 1 

PP• :-' -2?). 

•;ccaa1onal casec of: extrene reduct; en cf: the ccmpound 

eye l1 vn been l1ated by van .~{oscn {191G, p . G25~ i··. Iaopter·a, 

by c·b ~ (1937, p. 35) in Cocciclao and PsccidM:, by 

t., .. ffr•oy (1895, PP • 20-22) nnd J.er'l (1905, ~ • .::;.:h-,_3!)C) in 

Oclc-o.>t _r • Immo (19,38, p. 8<.;} mcntione t! 1 t·£?au t.i.on 

of :.;e ye to a sinele o.runntidium in a wen·!: · nt '£ the 
(\ 

spec iva ~q9.1 ... 1 1iuqcti&oi~· ln tbcae car:::co thr: j." ."lainine 

m11 t· , "tcept where the;r are sc i'ar deeen<r. te 'l.o to ·oc 

prt ~ . i.' lly p1£m. nt spota, are clr.arly ou mti in, , _d not 

·In some the ~»eduction or the eye tc r: blnLle unit 

is not rporAdict but eharnet~riatie o:t an orc1r-·1· uo a thole. 

Thh 1. .. the cnae in J.Inllopha.g ond ltnopleu~ .. ,.lthough 

the aycc 1n theec cases arc sometimes rd'errec1 t•. a 

oce .. 11, :ebor (1·~37. l' • 73) points out thnt th. y · I~e 

eolmt c:t.nd. w1 th the optic t&ns11on Pnd nr· clr rlv, '"'8 

1n th. c •r-.es cited nbov . , n 'voduct of the ' "'r.cr:. ::.., t ion 

r•cduct ton in tile nt~ b :: .;_yf 

The conditiona cbtninln.; in the f.!yee 

Hen;...f· (1:--.. 1) pointed out th .. t the eye wae ' ry attiiJ. r; to 

/the 
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the dm~oal ocelli of many Inseets, being c: m:.:~oocd cs: a 

bicf"n:vcx 1Pna, ith unorga.n1oed ret.1nal cells , 71thout 

and witb no crystolline cone. 

(1':: ... ~ 11 !>· 51~1) quoting Hee e•e aescrtptton, c .. · ·d 

tb. t h .. e are posaibl transposed dorsal ecl.11· .a 

.t. th .. 
·I 

ir. <. ~ ·.nn o!' the eye, it a c. ·~ 10 ca:C'e·r tc au ;}C. c .. h t 

th in eye is a v:r·oduct of l .. edut:t1on or the c. '.1 oun ye 

in ·m' an(.!e with the' )Drnoitie mode cf J.i · If' t J.s 

i£t tj c no, dee- nerat tn l1na b ~ re reoult cd !.l ·~ 1 

t :i.v"!l ci' nn ccella l."' rather thnn an c. uni.t 

and t ... --eduction ho.e been carried .further t, .n 1n 

Crt .. t ~o or other In.:: ect eye in wh icll 1 t h L 1..h. '!l 

dC EC ·Dcd• 

(If Snodgrass is co.r·rect 1n eugge tt1·~c the ey a 

m ~r ~cd doranl ocellus 1 precedent r~r hi L 1 ~e could 

be t~ CCd in the migrnt ton of th~ dorsal GC' ·1 11,. t!:Ji<' 1 

Cnll:· , 4 ( 19 9, P• 85} su. ·poueo to have occ · :rrc i. co . 

Cc .. pc o). 

trepa1ptorn appear at :Cir t stght t ~. c ::macosed 

o.~.: n o ·dinary con?oun ~ eye, and in tt?xt b· o':·- th yo 1a 

usu :_:r· ..... :err~·d to in th(n ·:;o.y - see Im.'!lS ( : :.c, ~ · )30). 

'..>tr·c. 1, :w:~cvcr, (191v, .~:.J • 15G), who deacr·b.d t!1c ~..,J··) 

of • ~ ,l,OS@J.., r•.!t:or<led this aa nn "1 celll.i.l.' c _ \:n.d 

1 t l . ;. under lying, th ~·- knened., cent inuou 

t'J.c;y ~·, ... ·.!.lffiine R vitl•ccuo 'vOu¥t and ,.1th l'b t:t ·if·cy to 

:f·~fty-~.'ivc ungroup<>d r·s:.t intll cells, with ui•bl .. "l.btiom­

je__~~----
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Thel'e is na reason to su .. ;por:e th··.t the..;e : L•t 

mir:.. t ~d and mltiplied dorsal eyes, nor m"lY rccedo¥tt :for 

a. aun n·: thot such well- .eve loped ocelli to"tt1L rJt1.1 t 

fro . t:u ·eecneration Ol U COinJ.)OUD.d ey~. ('l'h y !; a whole 

:I.e fr il .. ly well develor~ed, with cbcut :f'i.tty un.iL ·). It 

sc. .... )l.,obable thot the yea n. e to be r\,.,..:..·~r. ed o bu::..·rant 

un L iqu.e amoflS! Insecto and thct they 1·cpr .c:.. t th , 

~jrc u v o a retention rst.d rnul tipltcat ion r.'f 1 PVcl JCS 

such · o tho e mention d by Kirkpatrick (1.~37, 1!• l.!v) in 

Jap1Ci(iac are blind1 while the peeudo-ocC'lli" 1.n 

yrl ntcm ta are net 1 .. eally f yoa but, rw !mma pc nt ' out 

(1~~ , • 223) correspond tc the poatante~l a noc 

or£ -r:.. .... Ccllebola, ·11 !ell are of' uncert in :1? m.~t len. 

Tht- e ee .. s no reason, ho ev. r, to regArd bl'-n ne o s a 

pri .. it ive character r:r the pterygote stcck. ~J:~:1e cy ·o 

of · ~h1J.idn nre fully as w~ll develo1ed ue t 1.c -c -:-.t many 

Cx·ut · c ., , 11ich in eom. rea1'ects they reoe ;b1 ·~ m .. · than 

In , ct . It ie prcbnble th: t the lose c.._' th . e ln the 

bl1l o:-me iG secondary r-md related to tlL .. i:1·bito 'r 

li ·.1ng. 

&~·:;ng the remaining ~pt.,rygota latc-ra..L eye ... , hc1~ 

re~: cJ c compound, but o .... mctirnes ref'e1~r cl t a c,c .llar, 

arc r· c:::t in Ccllcrab(. :" ~- bnd .1. cpismata. ? .cce eye a dif'f'er 

mra·i""cdl y in structure ; rem t!H:: compound ey...r3 :f otl1 r 

/ In 
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In Lcpismata - see pp.'l.'. i,A.!~-the eye c 1~aistL of' n 

bico·vc;:: lens, a cone 0:C 1 our ~c.E.,.rments, u 1u. " c 1 •• 1:.:. 

nU!:lb :.· og grouped ret !nnl c ell with axinJ. ~·h .. b 

Th~ ~Y s d ~£er from ~ ty ical . 
·i·r!:od diviBion ci. .. tlle r tinal crt.u. int ·· .. o 

sur· 
-i'n-po'•('{ 

:_ y~..; .. :a o£ cells, un~ in acne minor ,.. .... in ·• 

ft·th l .. aeard t~.. ,,he Cvllerriuola, 'lillcL. TJri t ing 

in i ;9'f'J: (l>v• 225-226) pointed out ·that thci:t• ·~._(:. !\ad, 

unt'~.: '·ll _t date, been regordcd ns ocelli. He iav ot ig-

o.te( 2f!.l:_nthurus, Papil"lJ!l.• TcnccerlJ&, Or2hgae:J_la, f,o~, and 

~1:-:.. lll'P·~d deae:ribcd their eyes as ffi(• e up t: 

se•tt ::cd ,eucon- ommatidia :ith planoconvex f'u~ctc, a 

lay.-.::.· ·.r rudimentary corneae:en cells, four c cne ccll3 1 

t1o izm nt cells, and tour retinal cello. 1 c .ac ( 1901) 

\fc.rkine m~inly en Or~henclla, corrected tht: c .... ~.·1~~ ... 1tion 

of tl: J:>~tinol cells r>nd p.;inted out that :.: i' t ·::-1 1 

cell .• 'l'h18 desci•trt ion ia q:uoted b. r 

p. !)l~ -)41) and corrcapcndo clocel.y to th t . ivcn by 

Ber:cee (1%9, p. t--59) 1'or .~;.,9CiUl'Jl· In G GDC c.:..' t lm 

Co'!l. b -l.l, nc ~ointcd <:ut by I1'UB (19v0, ~ l.;.l, :tiE>Jh) 

in ~,t~ c ae cf ~idf_fl:?~ . .rttima, the eyes c:cr. r1~· t 

int r iL ilt.nt spot, tlH- retlntil otructm· .uu9. t~m '·vnea 

· H1ile bot11 .nod{!raas ( 193;), ··l• '1. • • .,I •• ) 

Im -r. ( .. )).), p. 227) rercr t r. the eyes 8f' C•.ll .'bel" ~"nt11cr 

1~ t r..c.l;.." nc ocelli, 1 t ia cleor• th t they, toe_ t 1Kl" r;1th 

/the 
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tl:(.. cycn c1' Lepiamata, nho~tld be r carded nc r:ep . :..~::ted 

~.,!_c~·.J.:nl:~~hox•acters. 

~)el""C 1e a grc.. at variety in the shn. .. 

the e;y u and the ;;>ot-1tion r·elative to otl~ 1~ h~ d a .. ilCtu.res. 

Th< ;.,.c ·c tures rna.y di.fi"er .t.:rt. atly in ncau 1~~ :-•el ... ted ?erma 

Ol' evc_1 1n male and :renal O.i the StL-ne SllCC1 e . · ..::'cr onc\;;s 

tc ({.",i i l o of cUcll VErictionr in r t laticn. tc ~ .. .-bi~ 1'\J 

nur. t~oun :md scattered but the interest at t t -.!h.~..n~ to t1lem 

1e .o c a llnt spec 1al1 ned-. 

.a a rule the eyE.O are s eparate but he~· t 1c. 

hcf ~ ... n r-row or t· h e yes large they mey t cPch nlo112 a 

port the ir boundarieo. this is the ct•se in nc.ny <:..donata, 

~~p'h( .. 1er•optera end Hymcnopt ~ra. Cccae1on'llly the ·y .o :run 

tor t her com1letely on th~ top of the bend w · h nr bo..mdary 

:_El:.. •t. tating between thc.n - see ueaa (1868 , D· 737.t- but 

thir: : . ..; 1 be~.rant and reetricted to a ~ew &:X. c.i. _ _ '!";. There 

iS - ~ t·lin[~ in Insects com~.,~al•tlblC" t o the i'uecd yeo · ;: aomo 

Oru. · co· n order·~ -
somewhat 

1lthough the cy _o vnl"Jh in P<,JOi ticn tbcy i~1t~.tin a 

g£. •• v 1 r 1 tiun to Ll-; ( h <l sutures and . ·e on the 

area 

ce!'E:~ .. P 1 p a .:s."t of the brfl in arising in the l?l .. e-on.t()...nnnl 

sef).:: .t ( •-rhile the median eyes al". innerv< te :t:ror.tl the 

idcuto-
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.. . · ~~ rebraj part arising in the next or antennal 

segmant- see 'l'illyard , 1926 , p . I3. 

Where the eyes are large and well developed• 

a oollar-like ridge or apodeme, .surrounding the eye • 

~uts off a narrow ocular scler1te - see Snodgrass 

(I935. p . 343) . The ridge ac~s as a skeletal ring supporting 

'he eye and serving for the attachaent of the bead 

m\U!cles . 

Tae convexi'Y of the eye varies considerably. 

Pri~i,ively and typicelly , altbough the eye convexity 

is graater than that of the bead, the eye is not aa 

pro~berant aa in the ~ajority of Crustacea. Stalked 

forms are rare and ot scattered occurrence. They are 

found in some male ~~be•eroptera and in Diopsidac. In 

no case is the stalk join ted. It ie merely & head lo~· e 

Occasaional cases in which the eye has been borne on sbik 

are noted by Oookayne (1926, PP• 204-2I6, 1930, p . 209) . 

He points out that such eyes are found in the squat ~tat1on 

of Y£O$opf:1la melanogaater 1 'While 'fenebrio moli tor 

and ~);lopyga .orientnlis occaa1onnlly regenerate an antennP 

after removal of the eye • In oerambJX scopol1 

the eye surface any bear an antenna like appendage 

In ayrpllus .. E.ernlexus_ qn eye baa been known to cccur on the 

bdomen its place bging tl9.ken by a sma.ll, antenna•like 

atructure. oavlllee {1942 • p,49?) has described 

a nroaophila mutation with an antenna inatead of an eye 

or in connection /With 
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r1art fr .m spo1·adic bbe:•_• ·t, cne 

or tc:."" .tological cuoes t this ktnd, · ther•c :1 o :D. t :1· "'B .. in 

Ina· ctz to ot\ggu:,t thrt the eye ia t:•rimitlvcly "-'t. . ·eo., nor 

aDS ; !". 'c..., t. en th~.t t \ hel~, the 0 tt...lk OOC1J.l, , U. in 

appc!l" .!.C .llar 1n nvtu.re •. ~tmitivel.y and ty_!<.;, 1J..lf the .ye 

1e t_' .., tulk.od. 

PJ:Y .. t~=r:d _'lnJ Dcuble J.~~£§ · 

·none Cru:stace and Insecta, coalesced yea ure 

coti·no:'le- in the fc~mer l.lnd doubl- or divide"- ey o in ·the 

lutt l'' · In Insceta. eyes, which nrc e1th(r i nci·,iently or 

cc: .•. l: tcly divided, occur in Cdonat , ~~phecu ., ;p.; l .. o, 

Pe::-~c<.~tcr., Dietyophora ( ·ant1da), Hcmipt r,- ( ,le u•cdid e~ 

pl!i 'n >' Cocci€be), 1li "ltere , eolcoptt.l'>a And - ~Jm n· iJtc;l .. .. 

~fl1e sharpn ss tJ!' the aeparatlon c~ t: t·. o _ l:'ta of 

the yc Vrtr1es coru>idc..:•rbly. In Odonet , Diety nd 

HYt'l. n· ·:>t ra the t.Ye r.L c 1n some c .sea ma .e 1 ~, t. cas 

.... i ; ..... {;!. i t 1n a ize and r-:L' a.ne: euent of the !.' cet .-me in the 

t0d b · a abut p lir:e but they alwaye 1.:1 C ~"lt i£UOU 

Olh ..•. 1 'divided" c; ym, • . •!"nttationa 

of tb ...,ye r-.:.?"e given 1n \;h•_ c noe o:r \ donA.t by 

(1~1_;,, :.>· 1 et ~eq) •lallo¢k (1922, D• 17Cj 1 v utod-: (19.3;5, 

p. 'll:LJ. > nd El tringhem { 1933, p. }4); in t hr c fL o~ i nntida 

by i ·r:·~ . .oaworth (1933 , P• 114) and in tbe cnEe a.: -!3mt.n­

optcr by Geyer (19121 P• 379)• 

/!It.. 
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-
(liv:L .. i. n oi' the eye is much more marked an t!1.ny o .t·ies 

runt.:l1~~ between atnel , divitle<l nnd doubl<.. c..,· .... u c. n 11e 

!n Pa~copt .I·a, .. phido.e, Aleuroaid ·c . n C C<'! idne 

Cc co·),; r.n di via ion o-r the EY is a f'airl.y cc. li ;n 1' ture 
\: 

or.:.u .... ,inted out by If tch (1926, P• 34J} ,.. vc \lllll in 

t en i. rr .... e l ted erou.ps reproaent1ne: six different .: . .\. ilies. 

no :..voo nwn roua s ries showing all ccndi t ionfJ J.l .. om 

slicl. t c :targination of' th. eye to a complc· tc r:e!) x:o.tion 

o-r tt·o ,r·tc . Tlleee illuatl~ tiona nre drm·n ! 1 inly i'I'om 

Cctl3. thy~idaeo, Ueloida , Be l'nbidao, 'l'enebri .. ni{ia.e, 

~ ydrOll:lil1dae nnd Oyrinic1ne, w1 th some otlv l' r· c. ntt ·red 

ex m-. -C .. In some !:elcidae and lLydroph 1l<!ae th rJ~rc 1 

eC'lDI't,t~l te but tbe t c ..~: rt always re a1n conrcct d. . 

Cer y .. i e. Scarab1 e end .1.en:brioniuEH~ he 1 ~ o ries 

l'l'(. ' nlightly emar 1nate cy~ to one divi eli. :nto t·ro 

PEU.>t"', ueu.ull¥ ccnnt!ctcd by an 1athrnue :rcmed by a 

c·! t_ict19~ a~d drawir~ cut o~ the chitin(u~ 11ch 

aurr~ un "' the eye. Th• occosional prcaencc J.' ,c :ts en 

th ';t 1 .uo r>oints to the r :lativoly recent oriLD1 or 
th i¥1 ed and double f'o1~s. The double co.1ui t ion 1n 

Gyri.:li~: eo ~epreeents th culmination o:f the devclo • .1ent 

of L iv~ · d eyea in Col~opter • ll.o. t ch co no h.crs tha't 

tlli ~ iu t.le only famil~ in v,hicb tbc div lcted natu:. e or the 

eye i .... elated to the 1· . .re habits -the UJ:; r _.DJ.'t being 

u&c. c ·or aer·1al vision nnd dif'fe~ing in st1~ueture :rrom 
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th<. 1o. ~.. .. :Jart, used fm"' aquatic vision. T' • •. ~14~ 
.I.J. .. - '- l .. v ... l ~rut 

tbc~t in nll ctht..r ca.i)eG in Coleoptera the t· c :.' !"te o.:'~ th 

eye C .:'l:jt dit't'e~ in struc:ture, and that tilCi1: 'C_ ~!'f!tion 

is L ncc11ani.cal consequence of' covcment c f the ntanna or 

rrc1.t 1 :. .. 1dge or the extension cr a cantllu ncrc . ..:o the eye. 

·..!:ll"l'iere (1886, p.lJ-.~-2)~ ·1esche (19tC, p. 3G7), 

'-'nvrcl {19u7, P• 248) and Dietrich ( l9t.8, P• h7 .. ) "lt.We 

poir_t ca. out similar serieo in male Di.pte ~, l .. ont.in~ £ran 

tl'lc. i .... 1ntly divided eyea nf '.robQ}lUQ to th double ~;:yes ot 

Apart f!\om tho£'e mcnt.i.: ... l:Ct'\, ex ples 

o~ c· ~~1~ nnd divided e~a in tho D1ptera ( &'lt ) re 

dr ...... m ·minly :Croot Strat1omy1dAe_, hmpid e, Lepti.:it e . nd 

~he ord.er in trhlc!1 th double eyes l"e ·c:!l t!.::h ... 

e.r· ·tr.Y ·:· avecialiee.ttc..,n io Ephemornptfra.. 11! .... teeaees 

t <- _;. crt:l difl'e.I\i.IlC in the f'cm "·r the 1.,ac ft.. ··r.J; ·::;;, ~ 

pie .. · t.:.t.tion cf the Ol:".nuttdin •.:l'•e me.r-el.y a 1• tc: by a 

In others, euch nr: "i;el~lcny.rtlS, t1 e u ,..,1.- ·-' rt o£ 

the · :.,.,. i oeparate, enl rgcd ;~tu xpandc, . In. : .... ~ .. utinae 

thiE 

frr• 

· :.~t is raised 0n an un,jointeet pillnr~ · ·idc.ty 

ae ··.':·ted .Crom the r• st (_.f the .·ye nnd hii hly c.. l.N .. tca. 
~ 

( Ttc·c c~-chmplee are g1 vcn by 1i~dhan ~r~ve~: ·.ad TfJu, 1935, 

PI>• 3 , l'-9)· 

In ,,letwodidae th· f'.Ye le sanetimea divi cd into 

t wc :'\cao dtf:roring in the E:'i.zc and ar:·a.nre: .er:.t o:.' the 
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f&cet na described by !'allock ( 1922, p. 770), ii 11,~ 1IJ 

{l~Ju, :)• j6) and Eltr1n£.:ham (1931, p. 431). I.1 uoue 

!ipl1.:.... v ·..:llc eye, a 1 tlluut·h a mall, is di v1<ied, _'{'\'f enaea 

beil'" -;: .;und on the sum.:1i~o anu side of v. cr~·:!.l, .. (.-n1cnl 

._ rc. j ct . ;n towards the hind end of: t be b nd. '111 iu io 

cte~c~lbod in ~bllloxera guereus by Berlese {l9C91 ~.OGJ 

Figa. l320, 827) Reduction cf the eye t n fc· a ... 1atidia 

fall1&l._ into two separate groups has been <lcecril>ed in 

s c.:ic ... ::('\Copt ertl - Trooteu BR:R:. - ac-e or-dinE:. ~ c Im· .. :.1 ( 1938, 

p • .3hl) Jn(~ is obvious in some male Coce1dae s in 

~oni_~).ell,.a aurnnt11.:.. 

l'he cOln"'l.onest differences between the t c ··o.~ ta 

Sue} i:lf"'~rences have b · .... :r.: not d in Odon.Atr· 1:w ~ i ,el~tm, 

(1Sl_,, .J• .539), :t.;allock (1922, y . 77C) and ... tl'i"''Chn. l (1933, 

p.;,J.; : in ~phemero1>tc~n by HeedhRm, TraVt ;;;t r.(. 1t tl. {1935, 

P• 3: ) nd 1.."1 Ltant 1do by .ii[";_;l ... sworth ( 19 ~ k-· :p. llh, • l'he 

U.t:;: ~ f tce;s c.re h • .:re l n rg..,r anu. the lowt.r n ·J.le... .. ':..'he 

rc v ~· ... e is th, c nae in t~1e divided eyes <:'!' · ':! ~.~odine, 

ace{ • i r: tc Eltrin..E"hnm (1931, l?• 1~31) s.n.d 1:1 ~11 ee o£ 

l!ytn.. _•t .ra nocordine t .. Geyer (1912, P• :,7·_;. In Diptera 

th ~ ' · :facets arc t1w lurger in Tabantclc e - ace :rmms 

( 19.3 , p. 8v) - ana the Gt:Jal1cr in many o+hcr .·. o~..a - see 

dN~c:l~ (19Cg , P• 367) end Dictl'ich (1908, j_)• :·7G) • In 

Oyrinid~e the upper fecet~ nre larger but it ap~nrc that 

in .ut~: -~· ~oloeptera tl-rcre is no dL':ference i.:~ ~~1c size and 

ar:r' __ ·enent of' the facet:; in ~he two parte c.:' ~:1e eye . 
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In many Dipter the t·: o parts of the ey · di fc ... " 

in ub accnce. "loth in B1'b1un1<lae and Tipulidae t:1e Ul)pcr 

eye j.B :nore strongly pubescent .... according t. , Car-'iCl.~ 

{168G,~)·l1+2) and ~1esche (l90~J, p.367)• 

!n some case there is a reeional dii"iel .. once in the 

distribution at pigments in tbone eyes, aeeoci~ted ttb 

di~f~rences 1n the retinal cella. This is the ense in 04onata 

accol'di~..g to Zimmermtln {19l3,PP·l-36), and in .. ;gl'< ropt t-a 

aceoPdir..g to Carriere (1886 ,P•l43) and Needhron, 1r r and 

Teu (19.35 ,p.30), 1n ldantidae socc.rding to 'sigt:lea orth 

(19.::,4 :P·ll4), in Hymenoptorn aecording to t yer (1Jl2tP•379)t 

in .Diptm•n according to Cnt•riere {1586,p.l42) e.nd in 

Gyrmhtao nccord1ng to Hatch (1926 ,p.343). Tlleee dii'ferencea 

in , i;.:mcntat1on are osae1e.ted with a separation o:r tb~ ey, 

into ~.~ .ro parto, one cone('.l"T..ed ,ith apposition Vi iori in strong 

licHt tlld the other itl'l su.perp it1on vision L~ fim light. 

In tJ!::voatt1on eyee the ommatidia. ere denGolY ioo~atci by 

pie:r ent =-nd the t-hnbd~ 1 and eone e.pparatw a:r-\e tn dil.'Oet 

cc11t eli • while in supei•pos1 tion yes the " LUltidi.a a1·e poorly 

1ecl t('d by pigment a~d tho rbab ... omes and. conoc nre epnrntcd 

by ·- l~ln···, clear part or the ommatidia. 

In eorne casee the di.t'terence 1n the et1~u.ct-:..-wc of the 

twc lJU;_•tn or the eyee to !!%"6ntest in the cornea and cone, 

wh!cn dl.ffer 1n size and f'orm. This 1e the csae in mo.ny 

Hymen(,.'')tcrn according to Geyer (1912,p.,379) ;:-41 \roll as in 

many 1i .. .Jtcr·a, aooordine to Carr1ere (1886,p.llt.2). 

I:a. aome cases the d1 vision or the ey(.! it1 1. ound only 
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in the r.mle sex, as in -~beoeroptera and .J1ptc~a wfl~fte the 

eye L""l tlla !'ernale gene:r-ally correa11onds tc i;11c \,tontr 1 pat-t 

o:r tl1e ?Ul.le eye • 

.L'be main purpoeo sel'Ved by the division m tho eye 

eppco__ra to be tlle f'ormotian or two parte in \V.liC'il '"ppOS1tion 

and superposition vision 1s sep~tely acqompliollud. 

It hne been suggested that the di!':ferentint1on ie ir_ 

some caoca associated With a diVision or the eye function~ 

partly ro~ the perception or movement nt a diotunce and 

partly ..Lor the perception or near detail. Thin was suggested 

by t•oyar (1912,p.380) for the divided eyes in !fymeno;>tera 

and by .iallock (1922,p. 770) :tor those of Odcntttv . 

}hero the division or the eye occm• 1n ono ex only, 

thin io presumably correlated with the mating habtt .. Needham, 

T1~a ve and Tail ( 19 35, p .. 109) have pointed out th ·"' t:1o e levated 

eye in Jnle Rphemcroptcra 1s correlated ith tl.e hnbit of th 

male o1' approaching the 1'emale !'rem belo • In :!.J.inrtoni§, 

where the male approacl)cs the !'em le on the rn.u~" co o ' · the 

watc!\_, tl1e eyes or the .nale are not divided on.d a1 .. e a ~aller 

than tlloae ~ the rernnl.o. The spec1a1Ued :tuncl;,ion ~ th tyo 

pa; ·t-£ o~.~ the eye 1n Gyrinidae l1as alreatiy 'been . entianed • 

. nvrel (1907 ,p . ;,l4h) ha ehown that in ~orl3 iptera, 1n 

which t·le adult eye is single, the eye a:riee· .. 1"<>.1 do.Jble or 

trilJ1o 1•udi"t1enta. On thcoc grounds he ot·c~~es tl. t the Insect 

eye 10 :;)J:imitively double 0!' triple. The doubl nature or the 

eye is clearly a special .feature of la"al llt~e 1n a highly 

developed group and tbia is not s. criterion or the Pl'imitivo 

/cond1t1 ... 
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ccndition .. ;,. tendency to division is certainly co .k.l:..'110:r than 

in cruatncea, but is not a general feature CJZ Jnsoot eyes. 

n1e ~~et that the optic gnne11on undergoes no divioian end 

th t the two parts o£ tlle eye are frequently j~o,ined by a 

:facetted bridge 1n-d1catos n relat1vel.7 late , (,Co.!cnda:.:~y ol'1g1n 

o:f' divided rmd double eyes 



Ext_<;t.~l :..~entyres .... uwnmau• 

airly large compound eyes are a :primitive r.md typical 

t:ec: tut "~ of the Insect stock· .wong the Fterygot:.t t1~oy are 

mere en.., leas universally present in adults, nYi,!.Pha and. pupae 

but - ly in larvae, where their Place is triton by Dimple 

1 tc.,ol. cyee. In msny crd.ere there are caGes in whloh they ~e 

spo1•adic lly reduced or loot in accordance wtt'1 cavel•nieolous, 

bur:t"'0'7i:r;.g or parasitic habit . Reduction to n etnclc <mnatidium 

i S c1 .x-o.ctez•ist 1c or the orders UallophaE:a and . nopl~ura. The 
I 

lut< ··1 ~1 rle eyes of :~phan1pter-a are poosibl.:r tl"nno. oaed .... . 

dct.rnl OC lli1 but mc:l'C ;>robably In .. oduetB or ~~:tl.,C. degener­

at ~-c L1 o:r the coml)otmd ey 1 where the proceao 1a caj.·l~ied 

rw:ti .., t hrJU in the Gl!Crndic reductions of th~ eye, ·rhieb 

r cult L"l th~ formation o.r reduced numbero 01 o>~nut :i.dia . 

Tbc .:::yon o£ 3trepei-pter·o. ai•e unique and nr p.:..·nbnbly t o be 

l 'Cf d.~d. n ..2ormed by th\; retentton and m.ult.1.licu:t1c,"!l of' the 

l al--v._::t_ .cclli, w11ere compound eyes have lt'11ed tc dovolop. 

!t 1a probs.blc that the .\pteryeotr cr>c _n~i .• 1tivoly 

esc(1 ·. t til Catnf'Odeida.e, Jnp1e1dne e.nd Myrientc·nata secondarily 

blir.d . .aoh1lida have t ypice.l and well developed compound 

eyer:, :.:·csc:nbling those of' SOt'!'!e Crustacea. '1:1w eyes oi' Collem­
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di:..;:t•c"'" ent type, degenerate in some caaea. 

~ernnlly there ie conniderable variation in the 

alJB].'}C, clze and relative :?OSition or the eyf?'O rutd theeo :rca­

tur'co ol--e l"'elatea. to the hflbi ta or life. The o:.rcn ru: e typically 

ant:. D ·i:titively clearly nopar(lte on the eideo ox the head but 

occr.:~ t c nlly approxi.nated to oncirele it. 'l1hcy tl.i.'"'e only 

rareJ'r o:• aberz·antly i'uced along a line ct contact .. _,othing 

comj. o ... • .>lo to the eompletely f1.1.i5ed eyes of! so.ne Ol.,.UBtacea 

occ'!.·.,..o ln Inoecta. 'J.."'be eyes maintain a geno1~n1 rol tion to 

the ~wud uturea end ··p~elon~ ~o 

antuJ~ 1 aeg~ent, innervated from the prototcreural ~art ot 

t11e bl .. a il"l• A ridee f'or attachment of the bend .. uacl ca common­

ly ~ u. -L-ounds the larger eyes and euts ot•r t he ad.jftccnt ocular 

sclc::. itc. The convexity varieJJ with habit but ic p~·initively 

ancl t~f1)1c•tlly gr-eater than that of the bend.. I n oo. e 

:r:r l:c;tJ,. •opt era and Dio)}tlidae, -:hero the cyec n!'C l>O!"llC on a 

atnll~ o:: ... lobe o.r the bead, theae atructm.,cs nrc ·t1njointed and 

1m1 :cvuolc .. In otber i'Ol"~me stalk are or abe1·ra.~t 1• teratolos­

lcrl -.c0u1•rence and eenel .. nlly attributable t c 1 etel'O . .l0rph1c 

1 .. ei (m.e:tl~\tion. There 1a nothing to indicate thEJ t the oye stalk 

ie J! i ..! .. t i ve or • where 1 t occurs, appendiculr-..1.· L"'l u1·1,sin. 

JJouble or divid~d eyea o.re commonez· than in U1•ustacea. 

In oomc '· donata, ,.ant ide. and lcymcnoptera tl1e eyes o;..1a 

dii.'i '( -' e .ltiated into contieucua areas, d.ii..t'el·i.np- in external 

and 1n l;c!.•nal structure. 'l'hc neparntion of theae at·eas varies 

in s:, 'lmess .. Coleoptera, Diptera and k.'phe• ,e1•opter•a ahow 
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eevc~·~l oeraies ren.ging ~r~-, single eyes thr·ouch c11 vidcd eyes 

tc dcul,le eyes. In some 7oocopte~a# J\ lcuroc1:i.dnc, ~. lhidne 

ana ,:; ·c·dae, the eyes az.·c com-;_:.1 . tely Civit cc - 1. .. oubled. 

DH'i\ ··':!cca between t11e t wo pnl"'t~ are cc:::rt' 1\ ·.y ... und in 

eye- in ~.'orm t,;ntl at1•ucture o£ the cone ru d .. l rll(;; t n · tn 

the (l i_r.; ooJticn of tbe .·i r:>'lcn·t ond structPl·c- r the r.-.- tinal 

divi· ion of the eye int: cna nl"ea for oppocitlcn viHion 

In 1-~phetnero-;ti..ra au~~ Dipterr ~ivi .ea. •1nd 

dcublG ..;yeo are restrictf>d to tl1e mt:tlf a, th .~'emale eyes 

Cr lee t r c the two parts or the eye do not dt~rer tn 

at:~•< c:~ttl'c:, the diVision being a mecbanicel cc,acc-umH~e of 

th . .1 r·t~tm:. t icn derenuent en the bac.kwal'd ccvu~ n~ ~r 

the ..:;r f'r•ontl\1 ridge or· tb. extenelon 

Gene1:ally the t.· ·o !'t . dL'f cr, 

n.c ·1 th 

,]~,.· '< i1 . . J.vlsicn ii: l', str1ctcd tv the rr lc trK· -O.L ,1 ~.:.nd 

~( . .. 
·.1 t·~ 1 • .. :1. ~.; ye in a(;r'le r: nc·- s nr ises frcm l en: b . c r 

.. ~.:.L irrt .ntc, tho~( ls nc reE•Bon to £l~:. · ·~C th t the 

I 
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eye :1.o .·ri~itively other than single in crlg·.l~. i~ile 

ter,;.: c .c:~ tc division .... r divi..:ton ond B ~'"fi.._l~~t ·_ I., , "t't ~ur.h 

net !ll'l.Co . -:oat is f!Ccc-ndnry, hn..: oriaen :'Jr.:·::-- ~-: nee,. nnd 

iu !'{;.,_ t · Vf•ly l.·ccent ( tts ie in .. :.icated eepeci t ::!.'l;l :'Jy :;:1e 

eil-~ J. _"· .. m :r the ganglio.l nnd th ~ oconcic.-~,~ . ·- ::n"lce 

c'£ ~ · · .. ~i;s J.C,l.'nin.£ a bri<.lgc n t ee:t the t. o ~ rt: :;_· the 
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!be cut_icle. 

Ac i n tJrustacea the eye, like the body, iS cover­

ed by a cuticul t~· accretion of the hypoderm eells. t. icll 

f orma a protect i.vo coverin • In the caoe of' tbe eye, 1n 

accordance with ita special function of admitting and con­

eontrating li£lit~ the cornea is ns a rule transparent, co1o~ 

lese and lenticular·. 

c in u~tacea the cuticle of both tbe body 

and the eye cc .. loiota, exeept in o~eciaiined cases, of t o 

:-1atn layers, ;: outllr, very thil'l, readily staining part~ 

ithout ch1t1:.--. ,..,J. ... enle1um, about l JI in deptll and an 1.ni1.er, 

thiekel' 11art, ur.. anlly deposited 1:-. successive laminae £ol" 

the creater 1 l~ of its thicknetJa, not staining as r·eodil:T 

as the outer ~ r. ~7er, chit1n1.sett nnd sooet1-nea caleit' ied • . .... 

J.'l1eee iJwo parts correepond~<: to the epidermis and del .io o1" 

nercblcse (190~ , ·1 . ~50) and the fir t to the epieuticlo1 t ho 
I 

seoond to the cc ·bined exo- and endo-c1,1t1ole of /1£t..lcc­

worth (1939,; .17) · 

The outer epicut 1cle, as :pointed out by ,/1r_:cl ea­

uorth (1933,: • '"'TJ, l9.38,:pp.l-3, 19.39,p.l.7) is a thin,it:tPer-

meable membrcnc co."9osed ot »cutieul1n" • a mixture of O<Y.l.Plcx 

:ratty and wnxy aubatencee allied to cutin and suberin, h1ch 

m«Y be colourleoo, n~ber coloured• or more or leas deeply 

t 1.tl£!ed ith mt,lm i n . 

I n t~1c Ineeet eye the epicutielc bas been dco­

cribed in the case or Lepidoptera by Now1kotf (193l,p.8) 
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~h1a could not be oeen in the ~croo examined and does net 

appear to have been described in other Insect eyes . It ia 

probable that or.. e.!)iout 1cle in t11e eye in Insecta 1s nort~ally 

present ae in 'l~uataoea snd as described by .tiggle-awol't .. l 
lS 

in the typiccl -tMcct eut1ele. Its npparent absence prob,"''bly 
(\. 

in many cases io to be nttttibuted oither to the :faet t~. t 

it ho.e been d.i~Lolved in the material used 1n prepax·inc 

sections or to t"lc fact that - due to the similarity lJetueen 

1 t s constitution trnd that. ot' 'f;he exocut ieular part of t:.1c 

tnner la7er - it is readily overloOked and mistaken for u 

part ot the latter. 

The cp1cuticle in Lepidoptera 1a often epcc1u1-

1sed ~eeord1nn to ~owikoff (l9311pp.l8-19) · In appo 1t1ac 

eyes 1 t pas sea h.~.wards tor some cone 1derable distane~ tbr{)U[tb 

the lena at itc ) Criphery and in mtJn.Y eases 1e st.trf'ic1er..tly 

pigmented to rc:o~ an opaque barrier round each lens. r.rh1s is 

l'aint 1n Piel•io~ cletll' 1n ~inenhele and very well devcloi>Od 

in z~eaena. It ~c~ders the pienent isolation of each c .tatid.-

1~, characte~1ntlc of apposition eyes, complete. It io 

clearly adapted to this specific end· J\ similar structure 

10 present i n ou)crpos1t1on eyea but is refractive ard rcd.lins 

unpicmented. 

d. ~~:loaworth points Ollt (193.3tP• 270, 19;1C,pp. l-2) 

that the inner ln:.rcr in Insects is often subcli vided into two 

parte, or wbic1: ii:1c outer is termed exocutiole and tlle innet~ 

endoeuticle. 'J:'Le cxocut1cle resembles the epicutiele in its 

homoeenetty, etai ntng properties and ronge of coloration. 
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It is fairly thiCk and composed o~ cut1eultn continuous 

wttb that o'£ t o epieutiele and eh1t1n and protein contin­

uoua with that ar the endoeuticle• together with a certain 

quantity of :pc.,ly.10riacd carbohydPateo other than eh1tLTJ.• 

The inner part or endocuticle he aeser1bea no a eolourlaoa 

eloatic layc1 , !loriaontally l oinnted and pierced by v rt1-

oa1 poro eannlo, corresponding to 1nfold1nca of out r ports 

ot the cuticle, ru d filled, . accordin[! to some, with flui~ 

or r:rctoplasmic r nbntan.ces and. ccording to others~ '\71th 

eh1tin10e<'1 r-a·tc ... 'inl· . igglesworth (193),p. 27l.) points out 

that tl1e exo- .n <!'ldo-cuticular parts o£ the 1nner lcye1~ 

cor~pond N;cvectively to the pQrte fo:rm~d b~ore and nftol." 

tho lant moult . 

Due <~0 lille readiness with which the ep1.cuticle 

1s overlooked, t"1e eye cornea generall$ appears to eoneiot 

~ an outer .he 1oco.1.eoue p.at-t :f'ollowed by n thicker; leas . 

refro.()t1ve 1 in.."ler, 1arninatod pnrt - the exo-- and Ol:ldo­

cut1cle - w111ci' have the properties indicated abovo. 13ttch 

a etructure hnc boon almost universally ~eseribed cr f1~d. 

'j'l1e apparent!.~ u~~orm facot 1n J ach1lida - see P• :2.:; ' -

1a unusual • 

... c ril:off {1~3ltPP•3.3-3!f.) described only twc 

layers in tlJC ur..apccialised lenses of au,perposition. eyeo 

in Lepidoptera. -£:1cse eor-reepond to the epieutiele and a 

tuoed exo- ar:.C. c:ado-cut iele. 
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In sone cases the endocutiele is enlar~:t to form 

n smooth, downvardl9 proj-ecting •tproeessus eornette" w11 1c~1 · 

maY exceed tl·e ~.-est of the cornea 1n depth . Ftmetionally 

this s~plemento the con•~ .Nwikoff (193l,p.l0) de~e~1bcd 

tbia proeeae an lnm!nated throu.gbout and faintly grantU.nr ~ 

with the refrnct ive power decreasing from tho cenire to tuo 

periphery .... an o?tical property \1h1ch it el1ares witll the 

normal cone up-oo: ... atua. This "processus eorneaett is cha:rncter ­

istic of th ap10ott1on e7&8 of Lepidoptera according t c 

.~.iottikof:f' (l93l,g . 10) and Eltringham {l9,3.;,Pil•4-5, 17-lfl) • 

.;. 1"1i1nr prolongat1ono of the l.ower side or the 

cornea are to1-1<.: i.Tl the exooone eyee of s~ Insecta •. In 

these easea l l0f .. -cvot" the cone a-pparatus 1e ver-; much reduced 

and tbe px·oceec of the cornea muob deeper than in the tlbove 

ease. Bueh ucxoconQ" eyes have been described by Xtrohoffor 

{1908) in many t~oleopter ot the families 5taphyl1n1dae, 

Silphidae, Hiotevidae, Yalacoderoidae, Cleridae, Byr!hieoe, 

·aateridae and ·>elot:Jestidae and b7 Eltringham (1933,PJ.1 · 29, 32) 

in bamp:yris a.11(! QQAtbPttis . Exoeone eyca of an interL'lediato 

type witn an en .nrc.,.ed lens and somewhat reduced oone &Jr'ar ntue 

have been denc:.:-ihea. i n Derm.aptera by ;ltrtngham (1933 11! • 28~ • 

; .1t;1our;b the lenses are pr1tnit 1vel.y and t~"l'icnlly 

either colourloos or or a very faint chitin-yell ow ttnt, 

there are B CJle c:,.ee in which they are pigmented. :Sltrintham 

(1919,p•4) poi~~B out that ·the lenses in the eyes or 
Vanessa urt ic~c are colourless centrally but yell<nio'i.-~)rmm 

at t he periphc::·;:· o!: the eye. In ~lr:orodes brrassicte ro"ld 

~ . prole~el~c. , ~-.ecording to Williams (l930,p. 56) and 

I Eltrinchao 
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~~trtngbam (1S3l,p.433}t the lenooo ~re arranged in roaettea, 

trith oix thiclt ~rallowteh-brown lenses surrounding a ccnt1~ru., 
• r 

thin• eolourleoo lena. Tbe under1ylng ommatidia are identi-

cal and lcnsec at>c as nearly as con bo seen, of the sa .. 

i'oeal length. It ia poaaible that there 1e some dif'fere...1ce 

1n the re.fraetivu o er or the coloured lenses wllieb tlnY 

render the r~oblo cyee especially oens1ttvc to the dcllowioh­

t,roen colour o~ the leaves, which tl1ey inhabit ... see 

nutler (193C,l ·~'J). 

Ur.; "..:otted eyes ar-c m'UQh rarer than in CrUDts coo 

and it 1e prcD~'"uJlc t:1at tbe pr1o1tive and typical forr.~ ~ fll".e 

proVided with :...e:. ~ea . Phillips {l90G,p.l.30) bas eugrrested t·lat 

Parker's idea o1· the Crustaeeaney as prim1t1vttly unf&cct.ted 

should be extended to apply- to Insects. but he g1veo notilinlJ 

other than t be ·!):>c~edent he quotea 1n support or th1B• 

:~ltllougb the fa.cata are sometimes formed late in develc:pmo!!t 

as in re.ti'2len~t_.! and AUJ':ion (LO'frne 1884,p.40l) and in 

Tribo};:lum eo!'.i'UBuJ! ( arshall, 1927,p. (20), the -veey rare 

occu:rr.enee of 1n::' aetted ndult oyca Sue£ests that thia does 

not represent tZ1c pv1mitive condition but 10 a eeeondary 

consequence of: C1·o11ding or the outor :parta or the eye in 

eaPlY develop .• 1C""'!.t • ?11at a very crowded cond1t 1on obtaino i::1 

tbe outer pa .. ,t~ i a to some extent bomo out by the :fact t:ult, 

na tbe lensen rc. \.1 their individual th1cltcnings, t he ccneo, 

betne c~~precncd1 decrease in a1ze. 1h1a is a Troquent ~cntUl30 

in devclopmer..t - oce l..a~hall (192f1,p•G22). F cete ere 

occasicnally rncc~t in mutant fo~1Gt as 1n the cnse c£ ba~ 

eyed D£980l!hi!J!• ~ruxley and .lolsky (1936,p.485) point cut, 

I However 
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h ever, that t:1e regions in which raceta are absent in this 

case have a v~1~y. deaenere.te ommat1dial structuPe. Tboy con­

aider that the .~ormal formation or the rot1nal cells ia 

necessary to the f'orrant ton of f'acets. The absence or fe.ceta 

in sane Do~yli.'l'lae ao desertbed by er1ngloer {1932,p.lt32) 

iS a deaeneretc foature a£ s deaenerato oyo. 

/10 1. .. 1. tJ1'luatncea a wide vaxaiat1on in tho e cn.vox­

ity ot the faccto 1o apparent • oo that the outer out•:Cace 

o:r the cyo t:tll;"' c.·1·"'laar either emooth or eranular. Here too 

tlle vax-ious fr.cct t"'orrno are ucattcrcd it"'regularly ruK"lG t11e 

different Ol'dc~ ... . hifihly b1eonvox Torm. ue 1n C~\18tncen. 

in nnaociatetl it~1 a circular s~mpe of the facets and cti~.c!' 

evi.dtmcco of :.:!e r eduction of tbe eye and the sepa~et:lc::: ..;'!: 

the w11ta (aYe~;:> .; ::-4lere the biconvex f'or;:t is du.e to ·ti~e 

opecialiced , evc1.i>):lCn.t or a n;;>rooeaau.e corneaen or c:1 

cxoccno procc:cn),. ~ \1)~k,d1um an .J@t~p.eu (Goltt) tU--e tiVc.;l 

by :t-n.c;tard (J~;. .... ;,p._~O) ae elttll:lploa t:J£ hic;t1ly biconvex, 

circular lenaen L"l. l"Odue~d eyes. such lenses oeour 1n AD1lidC"s, 

are :f'1gul'.'ed by Bc~1es.e (1909,p. G64, F1~· 826) in Pb.llJoxer"'. 

guorglp! and dcccribod in Thyeanoptera by- Ime (19.;8,p . ?J,~l) . 

Yost of the variations 1n :raeet form are represented in eno~1 

ordel'• The .f'ollc:rina examples are C!r&W!'- hem Geyere' ttcllk 

on Eyn.enoptera {1Jl2t"'DP<373~ 378, 360) . Bieon-vex lenoes ith 

sli.eht convex~.t~y occur in sone 8phegldae, and in P13~-:pilh1ae 

and Ohnlcid1dec .... ~lnnoconvex lenaea with an cxternttl crnvcx­

ity occur in '-'Dilcgidae. with an 1ntemal eonTetxity in \picla.e~ 

Veap idae. Fo~•lcldae, Brachoniaae snd Si~ieiedae. 

I Although 



,;\ltht.,U[.h the c ·.c -vo- convex f'Ol'm is nc. t known in iJ:.P~~o,t>tc::~ 
it cccui·.e ir. ( ~'ls:L"' orders tuch a •. i.)lpter-a here it i"" 

.~.~Ol" ... xr 1plc i z. ...£J~~Q.J2Qile mel~,9cnn~£ ( liuxl ey and ;o: .. ::y 

l' '""\ .f,. '-'"'-• .v 

1936, i!• ~-8~). ~:lC :fo1·m of tllP 1',,ee-~s may di..f'er 1:-lG.~.~· 

in n.-.;.rly rel: "' ~y-)·'S ( r even within uifl crent are .. :. c_' 

the s <:""'lC eye, c ~~_eel ally t owar·de the :;cri pbery of th<: eye .. 
lU tr1ngham 

I~ . .::.1~'!J~odes_brass19.Q.! "'19.31, pp. 433-LJ.)J+) tl1c 

v ari nt!on ia \.( _.. elsbornte .. Here th _ facets a.re nr.:' n.£ed i~. 

reset teo wi t 1 .. :K cep ;;ral facet considernbly leas cc-nv,~:· 

tht "l the cu -.el'· ~ n .s. In vie:; c:f the Va.J·iability l..r t:!t: 

f' ~c · ~.e n: em ~.' ~ 1 cnn be oelee ted o a primi t 1 vc or t:;. i · 2. 

·,c; ~,. Grustacea the cc , .on~at t: .rm cf t~1. · cc .. 

is tlH h€Xf"l. \ ~ : ··.! 

.. ·.· -.. •1lly c. escribcd .:::r.· i 11-•. :m t rDted i n ... 1 

~m .. ect npecic.~, l!l hicb the eye hf'IB b .. tn lnv et i..[' tqi. :t.:'l 

a :f.w c ~~: ea t· · c·~L _,or oval ffl cetc ~rL :>r ,ent ~., in c;le~en­
IBrate eyes 
"h ' ' 1' c··c ( " 1.: t , J _ .. s ...t. .... ' ._ r · .• lj ... } h os argued th t ~he r1mi t ivc 

thr n t. bexar c.: •. , 1 n ~ since he c~ns i <:crc thn ~ th i t. ic ".1r. 

_ 1·ts of' the eye, ·1wr: t he uni tC~ ""l·. len ... 

clo!;;.,ely a)pr .... (!~ m·. less· likely to hnve been disrln .. crl 

frcm t l1 .ir ... .-.l• i~:it.iv~ p lan. Tbex e ere, howev., r. nc Ir-..! cct 

, yeo wi. tb .race . .. ·~rr~nged en a tetraeon pl b As is. It 1c 

r~H~cts iG he"' . on l t ! n in Crustaee8 onn thet the c i ·c -:.:1-, -· 

.facet n t'll'C' E-cc '1 nrily derived ·rc'n th f se, wbe1 .. e t he f' ~ret. 

I degcner ~c 
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deecnerate ";- t.)c o \r.tid i a sepni•nte. 

1' c ·.v.:.a ion of the f'a.cets auch as is :round ( r~r: 

u tPm.wvo:•se ~ r .. lutona l line) cn the f'ncets tn some Cx·t ct. ccn 

- eee P• 1os - l.t; l)pbrent in Ineect <.yes. .Al tbout:.h the 

facetc r re s-ec: t '; C('l ua a rule by t ~o hYl,JOdcrm eells, t. e~('·. 

1 cns is prlinit ·_T, c ly and typica lly tt eingl~ struc turc . 

_ rtrr.i t. i v ely ' ...-. 1 -~ , ... - - .. ,_. 

end "l"e eq_unl ~-:. -.. lse~ identical in .. ~orm ,nd regulnr i.r.. 

.:lbtllbuti cn , ::. •, xag;ons on P Ctl.i'Ved s urf'nce - see •• lOG 

!'il'c net unc( ~ . . Cin ';-·:n~rde the eyr p ~ripbery. 

~ ... ce in the · n. C:'!lettt i s sorJL tir G i'cund in mutant 

the .L·,.. cctted o.L.' the eye ia in:.._ l""l.'upted by a de[ c ~" ~c 

b··nt..- see 2 eleny anti · atoon ( 19::;, 

P• 51.-} nnd 1 t.:..- .1 .. ,/ r nd ,:olsky ( l9.3G, P • h85) • l'he :::·n c. ctt. 

are generally c0~t1guoue or very n~arly so. Sepnr tion of 

o_' t . r · rru1 '.c. . . ·~ Ol.?t:::ra in -h lch bairn $ll'f' present, the~e 

:fr<rl one anc t i. r r•. Tbe ali[ht s~~~rat ion or the le~~EC 

• - turc r.tol'e mf.lr:c:ed in GollC""'lbol& FlnC 

E:-:•i er1rtAt 'lC· "iJ.I.y indicatd.~ th · t the primitive ey-e 

r·1th 1 .. l ese clt ;-..y ngcre:t:ot r. d th~n the ty:)icnl f'or·: 

ft c. 

. ; .. ~) ... ...,_. 



to separat i en i:l ~.-;ny Collerobcla iB probably complier ted 

and inCI•eased i.:y .:e"eneration o:r the eye.) 

TLe c.~e is typically laree but the actual 

n•y··ib ·r· (r :fac· ~.: v•·ries in rc~lation to the habits of' 

1 ife rn ·. d 1 1-~:rcr ln n n ·ly reln ted :forme, or even rn t :1e 

t··'o nexes cf ".. a m· species. 

e co-.1_, •• r . d \ ~t .. ~:1rec hundred in t11c :fei'!.rle, f ive-

thouoan-.. thrt: ::·1nd1•ed in tl1c rn, .. lc, elp].on_!ga_yul_£· .;.·J_g 

·1 th .rcur ·.: _ ~ -.:: c i rbt hundred and f U'ty in the .~.. e :· lc. 

· i .nc ~Cn."'l hr r 

nu'i be ... ·~~ in ... :: 

t1v·· t t hcl"e it 

d cut from !.it. c cuntn or the f f c c 

- .... •e d an~ •. f' ~'ty ~:;>ccics in Cole opt r o 

·.'1 ·ency to inc:.•c<1t..<e in the numb ... l" cf' 

i"' .•ce .. u ns tL _o .. - ~ize oi' the individual pecimen inc { '"co. 

Dri v 2r ( 1:;26, · .. ;rl) has • ointc d ou.t t h t in the ctevelo_ -

m .nt of' Q,ro~p .... ~ .. oln~ melanoeat er \ a bar eyed mutant) the .!.. ~ cct 

nUJ"''b r verier- -._l .... Clely with the temperature of larvnl 

devclcnrn.ent, rb·1_e Jodenetein (19L~l, p.!. . • 87- ) has s: c n 

tb·· t the f'ocet '1-:.r··->·:r t!epenc.ls en th~... dursticn cf -:be 

pr•. -i.rlf.t£1ncl ~t ,:cz in developm nt. There is no rec r:l'l('l 

th1· t the nur.:l: 

os i n C.r•ustocc • Generally t.1{.. nu::~b r cf' the _·. c.:~ :~~ 

It io oi'ten but not n l .:~-n 

/reduced 



As pointed out tit 

r.1nne71ann (lS (~". p.191 } there are twenty-f'our thouaa'1c'! 

2~~cetc in th n ~t:1rna l beetle Heero,r>horus ge~~· 

v o n cxn .. l ;·l· :.:.: .~ ;-:i•;en below to illustrate the ran[.e ~ :i~ 

to nine in t1 

r 9'"1' 1' • ol"tty i ~ 1 t ( ' d ~ r. 3 ')I n 
1 

-~.H .. t:.) .~.~ •. . . ·.~1'3' Tor ... c:l' on s ::c :nr , l. ~\... , P • .. q.w 1 

.. d. L:,) six hundr~d 1n othcro, with ~. c 

t... .bot.t eit,i..·:.. :: ~:. .a. .;.•ed and f'ifty in moct mole ants 

( -n o r - • .. -. s lc .. ·-. .... .t. u.._ .L .. ..:> t -- ,_ , . r .. .-' • 75). 

f'ount.l in Coh : · ... _:..• , seven :facet: beint pr ... ent i n 

.r .. nttu·idlus (-~. : ·: _•d , 190.3, p. 21-t-8) t ro th::usa.."ld to t:u~ec 

thvus and ir1 • . ~.~3.' two tho us and :t:'i ve hundred in ~re~Y£_ 

specic w-,anrl t · n~le !$lti'2lr1s BI?lend~dul~~ five thou.~ol 

three hundr·ed .. : .11c male Melolontha vul£arus (w1. t h f c.m: 

lih'-'u : i'nd e lgi· l ·, .. Jnd:"ed and .f ifty in the .femAle (!,iene .... nn. 

19C~, p . 191 et . ,Je,.,.} nin~ thousr.nd i n ~1?....£ll.!. 

:.1. r,cin~ (r ,., ell ldt, 1924, p . ~ ~ 32), twenty-:rour 

""4c: ;\. - ..-

In .... ep idoptc r 

f'pce ts en th. ·.. l e larger. 

t 1elv t~ seve .~Jc:·. thc u:::and in many Lepiuoptera ( P;. d :. ~ ·~.:: .. , 

19C.), _,. 24S), ~ c lve thcusano. in :.cherontin a trol?.9_€, 

/seventccE 
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seventeen-thcu 1d 1n ~p1112 ond twenty-seven thouo~nd 

in 2~.!~-J:uJ; .. ~ ( Packard, 1903~ P• 249) Simil nr 

m.lt'!lbei'S Pre f\ ':t::d in m.~et Cdonf'to w1th fif teen thc.uet. ~-< 

t t t' 'enty tk t n · f~cete ln ~cot ·.escbnn species 1 i th 

t mAxi .lln cf ti.i··~y thc.ueand in oth .. : r Gpccies (Snod,r • en;. 

1935 t P'• .532). 

z-,..:.. •:3 .'ll·, , scales, t bl::ent in tbc eyes cf 

c_•·J.etacea, :.·( .c :)iO..'"!.ally fcun .. in In.Jccts . Theil.> 

{j~C1l.i.;. l-"· nee i L ... "'. 1. :1cr ... .~l""'imi ti vc .... 1... ~.y~icrl. These 11 -· ... !.\ ... 

r:;.e elongntcc :. ~ -.•· iel1 t and unlrnn..:Iled, b eing insert ed 

~- et JeC!i the r, c . r., radially ""rr·t n ':t.,d, so th r t tl: ..... · 

Tl!'CGI.tTlDbly ir. ( :- ~r.:l.'C n e 11 tt le nS JO~ S.il)le ~ i th the 

vi.e i.on c;f' tl1C • • ~ 1;:.1ln, which tbey s m•rc u.."S.d. In t1 c 

older SPE-'Ci. :r .. ~c ~.~:c 1 r t: often partly bl'"<1Shed off. 1'1~ y 

are :rrequentl~· ~n.md in F..ymencptert:i and amoN! l.epidolJt( 1 & 

a r fn:irly cc . . on, '16 pointed cut by No koff ( 193l~p. lc) . 

l'! f'c.lcopt er "' t~ .c <Jirs Are oceas ionally 1· plqeed by .. :11 

~cfll'"'-likc et·,··c<.u.L .. es as in TrfH~h~;rphcl te - es (1.eser ·_bed 

by .!ltcrncuf! . (!.~ 9, P.XXlV). The heire nre the ·:."'ott.lCt 

of a 1"lll hni r- cc ·.1s, hypodermal cella tnte1•posed bet ~en. 

tl'l~ C"l ... ~ti : i. ·' <.lcscribed by uChnn1sen (1392 , P• 351:.:• # 

.Philllns ( 1~:: C, ) . 1.32) .n1u Ncwib .. lf (l::,.,:.lt P• 1 ) • 

_ bi.J..li ~.s men~_.·. ..1 th~t these cello or•e binucleP.te 1 w~::l 

n :£Jrot o~lnsc.i{~ 

~·u..nct ion or ~ Lc 

t l1c y £.h. J•Ve t c 

_;o l l en .:mrt i c 

' .. ·t .~ l"oj ... ct ins into the hair. The 

~, L'J is unccrtt in. It is I:oeei.bh. tr: t 

~:; ct the corne" :-11<.1 k e.1.; i t :rree c.!? 

.... tc. f:'ince t he hoir· .. ~ o•e !'ound mrin~·-:· 

- ------ .. --- -- -M + -• ----· -



r:Xt ·rnnl f tltm...,.-s_j.§um."l''~ 

·r l~ CrustsceR the eye to protected by n 

cutir.ulur aecJ. ·~ i .... :1 c,.i' the c orne.,l :lypo ~e1·m cells, 

~·cntinucu.e '· itl1 ~:1:: uouy cuticl .:: , nol'Dally colourl E:.oa 3 

nn cut .... l' , v l"Y ::··.la ,];>oz•tion s t aini.l[: r < r-d i.J..y, cvntaiLi~.c n:.. 

chiti·"t cr zm inner, thic1~ ~..·, lu:"JlnBted . •. t, 

: ~ l ~s e alci1 icd. ~t1 ce correspc~ t~ 

. ' 

bineC:: C encto-cuticl-3 · .. :r t i t!;.' lce ort, • 

.. ·,icuticle i _ ~·, · .-:.1 ·t: £ e U¥ of 'cu~.o iculin' , a mixtu.l .... c:r 

!'nts : nd "Yaxec·.. ntl 1s colo'\ll'lf. es t<.,. nb<..r 11 or oecneim~· lly 

tinced with .. cJ nl!'!· ?he laym: hos 'nly been ~et:!C .1' ·.'i..1< d 

in : eridott rt 1. ~ iO ::;a•cbably typically present nd 

et th r t:t-tJtl·. . c1 i..l : repara.ti :.n 01 1istnken ror n ~ t • t 

t'h~ r et C 
• .1 •• ,... 

1. .J .. ~ 

Ct. '1C. :··.].ly n t 

into n~ · ut ' .· 

Ln'rrdly -proj(;;ctine eheutht surroU""<!i:• 

~ ... ner · nd pigme .. ittd in a! roeition eye-, 

1 ike t!H ~- :.c:·. J. ·.c .e Wllf rt:~ ·thio ic p i i£!il n~ed, com ... >cacJ. 

'' ~n .L.n: l' ,.!1.C:\. ~-J~lclc. COl.OUPl<:So 
I 

... L>tbu~e c.f c-hit i!~ nrul _.rotein. 

~ ·. - an cndo- cut icle correspond tc t~:c 

/ parts 
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·ap~ e .f'orr.I€d bc.i·'t ~·e 0:1.d af'ter the lnst moult. As the 

e;.1icut icle ir: l' ~n ::;. ly overlc oked the f:'Ye has generally 

e::c- n .• en~ ( -( 1.-:.~~ iclc . IioviH~o-'i' :round nc exocuticJc ::. ). 

e"lc~ _ ·cj. cte :. "::;!' ~:to f'oz•, n .. J ... "'Ot.e:;;sue co.rnea.e·· . ~!'l. 

" , AC"'l~t:.' r ro. •r . ...Jroceo. ue v ... ""'- · ""' 

I ,., ,. 
\... '- - ~- . 

~ucl exocone ~ n ... cc:-1 

cGn( i tion ' . i t1. ..:'" i~ly lsrge oxocone pr>oceas develr. e d 

nnu t he cone ... ~ i lly reduced. Xl"imitively and t~ - ic:: lly 

th!· l c_nces •) 

----
e ~ l :. U.t:lt:ss or a v~ry r rint chitin yellol* 

~-c . cc · .. ~ '-~.'ence of melf'.ni.n in the out t:-r .. · ~·t .. 

Less o.., t he J . ..:t , :J ;_ ccur3 in ~c ·-:-... ~utr.t:it m:d deeerre l" i 

[f:u:. r~l ~~eEm:f. 
, ,·\ Q:::'l"'\ w~a-,, 

~ in Crustnce~· hif1~1ly biconvex f 7 .. c 

·~ d, clrculr,r r n' .. "'Ss.ociated ~ .i.th n 

~ ..tn :.f' the eye. In Vi ·~W o:r the v r .Ln-

bilit.y"o.f' t~;r . · t·~..: ::, no cne cow.Hticn can be aintle d \.Ut 

/a.B 



,{t~ _ icDl or ri"":.l, ive .. 
as 

. . rim!.tive r-· d t:~ il::tl. 

.;;;sr 
The hexagonal ~~!lcct s arc 

ctrcul{~ ~orm is RGsociatc C 

; ·i. tl1 .Pcduet 5.< L , the eye ond tct;eneonal facet s nre 

nbaent. ~1t11.. '~~ 'J ~'hilli: s cun .. tnde t h: t tbe arranr:e-

mcnt Cl t'le " · · t i . Ln is ~1rimi t 1vely •_:n a t<.!tragonnl 

to the ff' ct-1.~. •;, ;_ .Lncets art' ne t d:l.V i ded as in ae"..r. 

Gru.r. itilC·· a ir:tr 

arraa.nrement, : .· ·::u· se poeeible, w1 th ai'~na cf irreeul:--r-

1 ty t the p -p. · ~y or in mutant .fci'ms. They nre 

Th(!>' Se'Oar~t. cr. .. '' the !'Ftccta in rtervgotn pozsibly 

ln, tc-rted th, t .''e _:rir.ti tt v c form w Hl rat her leoe 

ls net i'ixcd -

i ndivit:unl . :. 

is not certn::.i'!."' - lt iS quite .:c,r..siblc . The nuGib cr 

1e l r recst ir. t:!_ .1os t active f'cl·ne . It varies, ft:r 

exL~1_ le , i n ·,nt .. : .:1~om one to ete:,t h"...U'Klrcd and f'i:rty , 

i n Colcopter,., ;.·_ ; seven to t wenty-five t'housand. 

/Other 
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t"•th cl"' .' Xt.n .. :l . ,:i~cn and the on.ximurt m.1.n1ber r-er ehc~ 

np:pt nl'E to tc t· -: .:.•..;y-tl'lous&'1d in vdont.ta. Hflit"a an<i 

aenl<:.s :')re ·-c :on .lly pr e sent. Tl,ey ore raClially t~lnnccd 

to lnte!--i'ere o li~".tle ns possible with the vieion cf er.cl1 

t1nd e cr'r tee ty t, _. _rlyi.r;.e hypoJ.errnal 1 • .,ir cells. Tlk" 

tl re .:scncttm. o i-n•u-'3~lefl off in the oh1er f'or'llS .:md ore 

~!'c1J:1.1y I'ro. C~ ·vo in function. 
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~e corn.en is secreted by hypodermal ccll:J. eori•eepond-

1nJ tc: ·t;ho e producing the body cuticle, tlie:...c st::·u.cturea 

be:l.n..c ~~cnt :nuou.a at the edge or the eye. •JCi•ler;c ( 1:./)), 

l>P. - , 2) hno .-ointed out that the occUx.'l~cLcc c..\. th ~se 

ce 1 J.n! .tn L1. Cr-uate.cea, is to be l''cge.rded nn a hall·:~ rk o:r 

the C!< ~ ur:d eye and in tl1i0 ccr.ne:ction he ~cccr·ibed their 

prcc:·.: ... Je in. several :rorm6, in which they had Pl"c-Viouoly been 

l""C[ ;:.rdod ~:J absent. That these cella have aomot L~s been 

ove:rlc ok.;d, te due to the f'nct that in some of.' tho lower 

ordc:~n trley arc Pedueed in. the ndult end demonrttro.ted with 

dh' . .'iculty in thin sections only, hile in t1le rest or t he 

Inscctc they are conv-c~ted intc; pigment cellc, · .-::!.ch have 

miJ.!J .. nted f'rc:n their pril"ittve position. 

~h·1'"'ltt1vely tw( s~1nllt colourless ccl.Lo ere l'C$ent, 

intc ·o"led between the cr,x•nea .and the cone. ~lth~.u.crh J..,a.i r l y 

wel l t velope<l in the y~ung, there is a tence. cy- :t:o!' tllese 

tc 1Jc l'C:duccu in the adult, ·:here they rna~ .. be slif)ltly-

dis "Jl cca and separated :from one another lutci·'llly .. This i s 

prcb:·l,:Ly R...rt indicatirn thnt here, as in cr·u.ot ncetl, t he cell s 

wer-c o·~C!c ~ore conapicucua than at present. ~nou~ra.oo 

(l~,;:_:.:t _.,j.Jl) has pointed out that at the l>t:tinning o-r es.eh 

/inr.t(;.r 
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inBtcr ·the cells assume a .)osition im.'Ttedintely below the lens. 

which the have to aeerete. ( Their permr.nent occurr·ence in 

thia poot.tion in Crustacea is correlated with tho ht\bit or 
moul.ting tl1roughout lif'e) . 

This primitive condition of' the cornenrYencue cells 

hs b · n described 1n many Collembola ( ~fillen,1097 ,p. 225), 

in 1 r- !'Y>iamata (see p.~ICo ) , in l.!aoh111da ( see r • ~d.. ), in 

!:plle cront ra ( ... teedhs.m Traver and Tau, 1~'35, "~ ·48;, 1n 

~n!~ f:eligiosa (Patten~l886,p . Q.t-6) and in ... c;rinlancta 

(:1~; 2eoc,l;09,p. t>55} • This arr®gement, cori•ec:,oHdin~ to that 

in 1 ·ry Cl'ustacea, is 1!1 eeneral characteristic oi' all the 

yb.;,_; ._ota ~nd 'i few me:nb .... .r·a o:J: the lower Ftcry:vc"t'l (mentioned 

ab( vc :1.d ce the early at 11eea o:r devel op:. € _t of: the eye in 

otl"L ... :::Jl."' 5 • Bel•eJ.te {l:;09,p_, • .::S5- G66) pcintecl out that in 

all c .e~Y.J, in which the dcvelo.P:ilent o"£ th ey~ had 1>e~n studied, 

the corneugenoue cells exist first in the primitive position 

and re only later and secondarily displpce~ and pigmented. 

• . .!ong the reme1n1nr Insecta, aa Hesse (1901) has 

pointed cut, the corneal bypoder~ cellst aftor tbe aecretion 

oi' the ndult cornea, are converted int o "irio·· pig;:-ll<mt cells. 

These tre typically two in number in each o mt idit1!n and are 

late ...... Jly d1L.placed tc surround the cones. Thte is the typical 

cent ttton in all casea except those mentiorcd · 1Jovc- . The fa. to 

c.f t1lC diaplaced cells ,~ns unknown however·, bcf'orc t:1e work 

of' l'cmJc (1901) and the f.,rn;ntion of: the cvl::e. V!ClB attributed 

to t l e u ?er.• Em·face or the cone cellc a~ 5 n .-olu nn....,en "t s work 

(l<:~2,1? •J5j) on the eyes of Le:pidol)tera. 
I .,.. 

I J..lC 
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t .e 

elf~ 

·:'iu~ eye is typi~ lly nnd prir:litivel.y .' ce;~."e,;'"' d 

1 colls arraneed in PR1x-Bt 01 .. c '£1 i.. nch 

.. cepticn.al nt tber is 1'ound by ItT ~9J ,IJ. 4l) 

t:r:tn.e ( lt.B4,pp .. 40l--402) ho doecrtb d Q1.ly on cell 

of egr1on P• and grJ.p1aneta ill* 1.m:c ppear to 

or eJtccptiooo tr... the two celled eor-.41~1· • 

in Cl'-Uet.nee tb boundt!rt.ea or th 

.· · elecr nd tb . cell of' ttc13 

;: . o ~ ... u <to~-0 . c nt rl displac .cnt 

oecll.J:l's 1n some C~untnc()o sec to h v 
' 

crcJ. a nre tn 

end 

nted 

- ;-cribed. 

· oli~ht 

· tc l't:Dc:1b..:.. thcf~~ of :.cpismn..- u a, 
\<.)·1~ 

b. i ·· ·icn ..... nth a 1 gt.llar mll~ 1decP.1:y l 1· , coarse-

r&C" l eel ur.: • 

-l.'"C' tlt<. cell "I • 
.J...' 

dults 

.n no 

clcc l:J , ~- CJ-unde4 by c:oro· e ..::'t!!.t>4cnt o:·~nulec t · .. ·t .he :r struct-

1U-.c 1 · i '£ cult to mo.ke mrt. 
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t 0 be v.~ the natur-e of a Elelanin.. The erarrul•~S ;;. .. :-e donaely 

anu j:e~;ul'lJ:ly packed 1n t!1e thin clear cytopl'"$-1 .. o ... tho cells. 

'l,le li:l. _ .ent like that of.• the rent of..' the eye - ,. .... 

is cuoje~t to migrati~:.m. 



Z7l 

CxrlJc.a}. h:rogdSX"t::l - ~-qmpu:wy:. 

!IypoQ.crm cells, correepo.nd1ng to thor .. c cecr et ing the 

body ct.:rt1clet £1Ve r1s to the eye cornea. .'heir :apparent 

bsencc 1.~ eomc cases io due to thio small ~ize o_· to their 

ditJlll con~11.t to t'orm ,,i:r·tstt picment cells. lri-:i~lV"\ly two . 

B!:1all, oolou:r'leao celle o<!cur between the ccn~ Ulld coPnea. 

ret'lt.Ct;~1 L"l oize in the adult nnd often sliL}.tl:,'" diu')lsced 

latE:-: 11y1 l.though thoy lie immediately Ul'~der ·~:-ne cornea 

when t :1.t.o ia in the couroe of ~orrn t1on .. .Ao. in Cruot .. c..-ea they 

wert' __ •ol>nl..J.y once more consp1cuo~JB. The p:t:>:L: ·itlvc ccudit1on 

cbtai:w 1n all Anterygotat 1n ome of the 1 e1• - tel~;>".;ota 

( ~pl.o.ae:c·optera, ·antia and :?eti;ploo ta) and in the yr:u.ng or 

all I nsects. '\ecording to Hesse, 1n the re.. tr.~.ing Irwacts, 

these culle. after the 1,ormat1cn o.r the eornc-a, are displ aced 

and :pi ~·1ented to :rorm on 01 ir1s" pigment sheath ~.- <.ntncl the cone. 

In su.ch eyes the fo:rtnAt icn of the cornea 1H:td :9rcYi . urly b<ten 

tt:H.b-utcd to the uppc.i.· DurJ.'ac:e of the cent ccl.J n. ~.L':,"Pieally 

and ilt• i 1ltively t11e eye ia 1"'ucetted and the 1.\yrod.c·~ . cells 

reeu:vu··ly urt•a.nged throughout tho eye, one -c i.r to c~c!1 

OtilffitJt iclt·Q 1• ln a few exce~>-~ion, l cases i'otU." ccl.:!.n o:·. o:ne oell 

ha'Vc 1J{.c... "CCo.r>ded. :.a il'l C1·ustncea tbe bour.!:Ul~icr; ~U!O not 

clca1 ·· ~1d the cella ten<.~ tv run togethel'. T11e~r WJ.uo:r·g\.. no 

/cent .. ,..1 
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central displacement but lateral displacet"ient is co, ... 1on end 

marked w11e1-e tl1e eells are pigmented. The nuclei -:c..,e typically 

smal~, S'1)'ler1cal, w1 th a regulal~ wal11 coarsel;r g_•a..llulnr, 

densely ntaining ecntents nnd with no nucleo~us.. i..,..ne cyto­

plaeCl ls thin and cleaJ.~. The pigment granules, , .. here _tresent, 

arc t<.C' :l.'3C and regular L"L ru. .. raneement, ecmi>c.ced v;? nolanin, 

typically black or brotm 1n colour and subject to ·:lit~l"aticn. 



·he co.~e& &.au CO!le cells • ::i73 

Tho <lio-"'tric co11e a.) .. Jtll.'&.tus lit.o it.~ lOUJ.c...~..~ly 

below the corneu 1..:1 t.ae cor~.\Jul !.:.t._Jo-.~.enu \.!v.l.l..;), ~ ... J.e.t" 

t .e e cell .... re.,tuin J. . ...;. t 11cir• ._JJ."J. ll.i:.J..V.:.: ~o~itJ.v,.. J.· •• is 

ap )f:l'B.t.J.s con ... i.:.ts o... t11e cone c..!l.ls a; .. ~ 0... (.ut:ir S~;C­

re i,~on~ cxce_.Jt in u.cv,le u; .. J cxocun \... (:;;.~ ~., (sue tJel.o . ) 

\• ... ·rO the ScC-et.:L.I.:.t.lS ar ab:;,ent • _.&.Ch 0.J.~uv Ol. 

t,Ge cone S(,Cr<.: t.l~,;d is rel "_CJ. t.., vue 01: tHe ~oJ.~e c~.:ll· 

cu.d t!tese se ..... m~nts ure v.:t11icwly anu.. pr.t..ui·G.L.V<Jl.., ~.ltl.1..­

te.tea a._,f;t.i.d.St ono Q.l .. othcr t,o J.vrill w.~. wdul .., L•'.lCiJUl·e, 

ionul cawes t..uJ cone ot:.;!}R"l.l.l:r... u.o ro.vt 1.-<...uc .J.n.to COH\.\.A~·t, 

V. i ·t. .• one a:n.Ot.LlCr ALlCl. et...C!l rcrLuJ.llo l'OLUluCO. 01:.1.. \ '.i tJ.l-.. J. 

its ow.1 cell. tu• Atull ..,Jo.u ... tb Oll't. (lv"'/, 4Je\3l) tmt.&.t 

t . .JiS .i.& CLar'UCt.eri.., t iC 0-L t,,_..; Ctu'.L..J ot.a.;.;~o v u\/"1..,)­

GlC. t and ~ccordiu""' tCJ .;;>a..,..,-IL (lo...o, ~· 'h.S) ~.;.r.tl cou..ti ... -

ir :ce...,u.le;..rit:tes us result i.r,.,. the tJCfH....C't:u~.J.on OJ. t.ne cvr£ 

~e.:,;n _.a, s in some Crustu.c a, dv not a)_Jear to 11·-v-a o..;en 

nut._d in InsE:cts. 

As in t.hc eyos or.' Crustacet.o. 1:.ne cv.ac ... c.0'iha.c. ... 

U'C ty .)i C~ly a1.U ,e:>I" ..l..illi ti Vely r·e ~-..J..a.r D.!J. Sv .l e vr .~-cW. 

i.!~ .L'orm and constLnt in oriu.hta~ivu. thrvu....,Hout. ·~.;ue 

eye as e v~hole, al.t~1.oU.;:)l .. :.LLlO.t' • .;eril.J!ler&"" :l.rr..::w..tlw·-

ities occur, ~o- in t .1e ey~a ot Le.J.L.&rnc.tl.l. ~ut: .,h J. l3 

As iH Crustuc~Ja. t.1~e uJ. :::e o:t' 1ii.t.C cc.t.~.e 

a_.;L;ur·t.tu;;>/ 
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c,?)ar.E.:t.;us is vcr~ v rtt....~le 0111:1 ue :rs 1: o fix~ rc..1..~t-

ion to the siz_ oi c. .... a r-e"t.llw.l ~ellb, a .lt. .. v.._.n, 1.11e:~.· 

one is poorly dev_l_y~a, t.lle ot_J. r i ... ~;cr- lf" .. r ~ vr 

el<.-1:>-... rt..te. 

cells 

conl~SLL.l D;; ·-ar~:hlall (l..:1G7, ~.Clo:1) • 

.... econdury trc....;. .. ..;verse u~VibJ.un of t.ne co .. G 

t .. ere by shri . .-J.k ~ o~' " •\..: su.rx·o...u.o.1n~ _,l._...li::f!.t c~ls) 



it ... lon~ . e.x.is . 

tio~ .. i tr:.el.l. ,&Ot! .... uCt l...)J~bl' ... u - , VO (.H.:e.,. \A.e~criueu 
h e l s e·,a~e.:r·e • 



·rhe len_;tl'l of t.n . .i.o .~;)Cint &.I.!.U 

.:· ... e ho\.U•wlh..,& tm.&._Je ot c.he co.c. .. \; L. :..cc..rc-;,.beu.s ver 

- / .lculvsus as d. .... sc;. io"' ~ ;;y ...Jf·.4.... ... ~.::4£ml ( lo1v ... , • .~. ~) 

lio"-ikof'.._' (l.J~l, ••• .Jo) , t.L:.e .~ ...... w r v.t' 

vari .. s :i.'I"OJ.l t,hr ,c to rive i=.~. vat: c~ Ol' Ir~u.r ..&.;;.. 

.ent.s v: ries fr(J~ t o to five. 
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o! t.ae eye \.as th<:..t- of ...J.r~ni:.<<:h0r (.187~), w~ .. o u~ ... J.4 • ..:.u 

~hr€.~ cone t,, .. }esfev.cOJ.i.e, pse>..LY.O<.;Od~ ana bco~le .• 'i.iC1l 

a.i:r: :r. • .;r..;d in ·t.h<J .;res Sl.L..; . .:. or ~bse ..... ce e.hu. t.he ru. t.J.r(,; 

o1· tr .. e con.o:: sGcro~:.ion, ac \<~11 as iu vu j.JO~J.t.io.u. 

of tn.e ILUC lei. 

~e..:.:cJ.·ioe..1 t..n E...JJ.iti-.. .t<-1 vxoconc t.;· .... e. 'i' e~\! ~JY.jtJ:.:J 

ht..ve bee:a i...d~itveJ. i:n all l ut ...... r orK. (.n.lt."'o~h. 

Lo\ule, (lo78, ,).C77) at .fL ~· t cla .... ~.L:.t.i<o::--L t..1e C(;.t0S 

C1CCorc...in~ tv ~ . . ~ir cv .. ll..'-'a"s ~ u!.~.y--.J. oco._J.C", ith e. 

.::'lu.iu COLlt...:nt cvntained i1: a:. 0.i....vi...J..C Cu.J..; -.L.C, or 

"t.etracouicu, ., i ..... h <:.. ~olid coa"..;ut, ue lt.t.!r- u.oc .. nu.onoo 

't.bi.::; (1&94, cl•4v:.t.) i .Lavour 0.1. tile Cu.i.,rc ... .l .. clt..&s­

il'ic<..tion). 

It ~.JOOlf.l .. ;roo" ... Jle v.ac...t. eu.cvue e.i clS' reSt:.ll­

.bl.i ... ~~ t~I.O~e Ol' vh& Ct•u. tUCl..L, w·e \,1,.. ue r _u.ru.o\..o. t.'-' 

c..ae pri ~itiv · t. .. { ... :e. 

(1906, t>.l~l) h<.rs su,;_.e .... ~.. .:J t..UL.~.. v • .t •• c;...~l"' eJe 1,:;, 

ti.Ore ~ri!.:li t.i • c tnc:.!l t, __ c CIJ:C0•1\.; v.U.'Cr"' io lit t..lt \10 

:u.c.., thc...t &n &.c~vn.e eo.ndit,ion )l'vCeuJ.eJ. the eucv •. e 

c n:1i ti{.,.u ~n t.1·, e U.evelop.nent Ol. cow.e H:: meuv_t>ter£~.. 

It nea..IS u •. li. : .... ly t !""-t t .. i~ i~ a rulic...ul-::. ~uil.!e to 

t..ue/ 



The -.AO ... Lli'tiO.t.i. w.~ .... vCCJJ..l·u~41....: OJ: ·t;,L_e \!V.d. 

t;;.·:>~~ i~ o.~ l'...llv\.o. .-..l.lCou~ ~yeu t.r..: _Jl·ovitiu.e:..... .i."L.u. 

Q. !.:>olia., c ... lit,ino...is seci t • ..Lvi! 0..4. '\Ju(.. co"l~ c~ll::a, '-'..1~ 

.1-'vur ~e .. )~.hH.Lt,o Lein~ clv...,ely ~-.>vrcoo\o:d, hi ..... Jll., !~ ""' .... -

active, 1.11 (,.ns >~ ..r-a1:c. ai d colvurle ... ;.;;., \:il. c.h t,!J. - • ..1cl ~ 

4Jli-.~0d :in :..rent o1· tho ~ecrevl.ou.. E.u.C41 cc.w.:,.; :L.~ ve 

beo ... d(;;scrioe .... in 2oll\d..lool~ oy il.l.._-"l (18~1, v•"'"'b) 

an;... Berle~e (1J(,0, p.o59); i ~ L~. l.~ ... c.. c~..~.~;:;,n:~:.l.., 

LJ.bo ..... ck (18d.), ,.J.lt-1), .?uCI ·al\.1. {.Wuu, ~···c.:b~), c.na. 

~ (13~~, ~.~~) ; in ~ric~~cr~ oy ~~ (~94G, 

L.> . S<::: ) ; in Neuro.;.Jt. ~.r&. oy LI.Lb.JvCk. (18~~, "") .1.01) 

a:1u ?ackacd (lJOO, .~,l.G5~) ; i.:. · .e.:tJ...;te.t. a vy Pto.CK<:...ru 

(! .... :)~, .?•<::!5~) ~Llt1. D:Xll.S (l~, .!?·&~) ; .Lu Lepiv.v.;t.. .... ra 

oy Lubbock ( 1S J9, ..; .151) , Ph.c ... e:u '-.l ( 1~0.~ , .J. ~~ ) , 

Ut.rin~ha..a (1_.13, ,c>.l.v) &.::1 lio\.J...J.C>.Jl.t (~ .... wl, ~.J.ll,...,~); 

.Jy ?hilli_> ... (1~06) i'•l~5) an""' :}ey""r (WU:;, ,t> • ..x>.:.) t:...u 

in Colco.~.>terta., in Carh.biClb.e, t,c t.r .... ul.CU..O, .0ytl~c~.....t..e 

ar!u CicinJ.olicc.e .Jy KirchvfJ:·.._..,· (1._~1,_;) C..:d .i.u Dyt~~.;;i~ 

by Korl:)cll~l<.lt {1~;:;~, p . "-li::-7) c....~. ..... Fi~cn~r (l..;:rv~, P• J:t ). 

Pseuoocone e ... ~/ 



r,?r. ow_.l-" a.~J 01-ll £.)!' ... n . .~..·:-. ~ ~ . ., . c l.''' c· o· ,- - c •. -..vv • ._. . v .,...,_ ..,.._ -• UQ v ... v V.o .. ..,. ~ ... ~.1 ... J .I. .., .._,~ V.u.\:' 

n tne )0\:.it.ion ot t,aC .tuc.lci. 

v•405 ) und Zt~' urin (1314, ).J.bo) J.c..; ~.;j. iu~- t... ..,J. • ..J.iLr 
Cv.ae 

in. SO.te f.JUOhl uGt• .t,)o_t,. v e.o..o. V.I03tj<.!i>iUO\.l t!li.!-.- in 
~ ~ . 

· ~t..Utis (lr...L6, _.-.647)," .. il:tr..L .. 'A~ U.l l,il.• J.,..L\!i.l.rCr-.~.~b (l:Ln:1- • .--

ti.!..1t. ·t.heir .)r~ae ... ce 1.1 • f ..:y Ul._.J t,c:r...... (fu--(...dal·yc.::rc;. d 

ClyclorrB:!n ,1) n s been c~..-n.f.LI•.nau b;:{ F'i~cher (l.j~ .... , i!• 

17) , :u[l; s (l . .J<-i~, .t) . 6...: ) cn..t ' .Ul.J.ey an.d .o~~ (J.:..t""Q' 

. t;) _) .'-:tea.- • 

1.."1 .)er.L.e-•. n.ert- u.:cordhl;,;. to ?~cc<. •(j, (l:::Jw, ... ; • .;5v), 

~i&cher (lJ..,~, ~>.17), :..J.trinv ~ ... u (ld.....u _.).17 ) '"-'':l 1iili · 

1..10/ 

• 
I 4 



to . .ltrin..;.h£.!!1 (l -'e.>e.>, .17). 

SIJ..~ 

in ~e:n c.n.J •ole __ c_ ... urc..te ir .. st r·u . .;t;oJ.re. 

~ 

enlt..rdCffi(;:llt o • .' tne ifai.er _.;u.rt OJ. u ... ie cvrs..eul leu.., 1 .......... -

in 
is co .~on in Co.le-<?.· ,.cre:.,,. so~a~ Sil • .; i..lho::, Lt~ ..... :l.L..i..it=...~ 

v:.r. ile in a cone t.:.d e>.ocoue e.;:;;$ Lhe.~.r ~~o ... .i viv • .:. is L-:.~Jt 



~,8;1 

for:n a ca~j over the cv1 e S.j ~-a.L"'tJ., ... '-', c v ill t~1t1 Cb. ... ~ v • 

. :ac~t.ilida see ,;> • .2 1.~ • ·.her e J.JU\!lui a.re ~~ur-

-ed, they Lr itt.o <.~.t. exce)tiiJ ......... en e.l;; r~ ..... ulo.r, \,J.t.n 

6. distinct OvUn4b.:"'Y, 0!~ c..r'U 1m~ r ud •. ll t .... e Jv-.t>vu ..... r ... lE.J.. 

~uclei . 

h.;, in ~r;J.~,t.e..cet i ,, .o..-;~ .JI·o.oabl~ t .. ic..\. ~i:tere: i~ 

.. 0 cm"i~ t.:- t or chtorac..,eris t.J.c ..,t1 o..~.Ct:.-l.r~ .or t.HC cy(,~..r • .;.J..uwm 

of the cont.- c ~lla ru .• d t •. ett. l"t.; ccna.it..L\...u. vw·J..es \ ..&.tn 

t .... ~ uecratory t..ct.tvit.~~ o:r.' ..... e call. • v u.<h-< .... 1~ .... ~..:!. ...... . _-

C.t.'i.)tlo!lS of th- c~· ... o)lc;;...W '--r·o u.va.l.lQ,JJ.e >u.l. L..~. t.ue 

m ....... oril.J O- :L __:ur "' .;; it. ~.):.Jf.~~J:~ ·l.aJ..t.O.nn Wl~ clo...J> vr 

In t..z.i~ e ......... a OJ.. a.cow;• ey cs 

tll-::..;1 t:.!:..) cc, ..• :; r:. ~cl~et .L.cl16, s ..... ch t.:;.;, t...rc Sv"'let..u.:.t: .... ..~.ou.Ud 

on t:~ c \ia..~-lS 0 . .~..' ·t!1e CO l..l CeJ.lw ..1..4..i. ,_,z-u.~t.&CC< .. ~ 1 u<-.'i~ h.J_l-

•lly ~li.-i~1c....:.ea, t~w entJ.r<;. cc -1 J.J ... _J..~ .t:J. _J.. .u. i.Yy t.ne 

co ... e .oGeretion. 

~.~.t t:~eir lmi r el ... -S .• i ...... ;!' t ..... <J c .... ~le ..:•.:d.l~ 

or t.:1-air sec:r·o c.l.v.iS, c.r Of,. t,_, o t !J.t::..,·..!, 1.;....re i . ... coHt.o.ct, 



282 

t.l 

eyee 

(1:..~1, ... ) ..... lt:~ - ~f...>t~) i11 "CliO C OJ'- 0 · .• a i.Y J...t;.:~J. Ove.s."b.t 

WlJ. by cJOl'"SGnke (1..,14, .r:i•J.S.j) i.i.l v~lv C<J.>:>tJ Q~ Lu~ eye$ 

aTv .. ec C-"'-Cd i) CCll6 0 .• : a tO"tulJv• Ui.l..L.G!' -.t .. t.. ..,,/iJf,• 

?:r-l .• i ti V•.d.y anJ. t.y_Jl...:, lJ..y re·t:Lnt:.l ceJ.l e.n-1 
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t.nd Zy5 aena a11d by Korsc ...... ..;lo.t (lJ~-7o, iJ.<&'d7) i.G . .J:tt.~s~~~ 

• vut.:re 

is little .t . de .. cy ~or t. .... o .n;;t.i. • ...b.l cells to procJcc~.. ""'~..> 

ro ..... a. t.ae cone e.p)brn.tus for WiY Cvil~iuer&.oll;) \....ts ~,w.~c~.:. 

Laterally· the cone a_ .. ,t_}Ea.l"UIJUS 1~ L.l Cvl ... t&.c't. \.it ... 1. ur Gep­

aro.teu. by vnly &. ~1 cli~tance l.I'v • .1 'L.:e E.,.lrroUJ.,.:au 

other c~es u~ .... esc-·ibJd J.U ..;> .... i:l~ral L.Y .de.t,J.e;;,c (l.;Jv~, 

h 6J?) and e~yeciwly in Le.> ~..do~:.vra y ... o Ji~Oi'.i. (1Jvl1 

11 p £lii1CCi 
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The cono Lnd. coue cello.:~ - su..'""atJ..r .. · • 

nt.) • 

r~H .. l .. 1_, them aaJ. are-; _,Jl:'l .• iti. ely unu i.., .. JJ.CW..l.y by .. -.4lt; w. ­

-ict..l !..1 arrrul a ,.;rot t.JLrou._..ho.:.r., -..n~ e.1 o \~i~ll vxu.,. 

~ensc culls. 

ues-

cribe...! oy .fbtten. 

vel.y ho>o over vhe coh~ s.a\!re -.~ion i ~'-Jell. is .L.v.uJ.o~a.~ .. eo..U:.l, 

with its bo.sic for..a Cv:L.~-icw, C..:l:.. u .. pc.t:· co.~-1t.vu.r·s oci.t"'-> 

an; 



285 
&n acuity de_..e _de.,.lt on t.Le elorJUUvion ~li.l ~o-.ir e v£ 

vccurs in oom,:. ~r..t::;t~c.;t.. a;:.d t ... ·y a.r·~ ,rJ.. .. .l.t~ve.ly ~a 

t .. : >l.ca.ll.y ... uur iil .uu...: ... ..;r .it,h t, .~ 1:.\ o cellu-.~. t..yye i n 

<.Li ..... ·tt;;..l. 

cor .. 1eal lous &ore re.:.t1 ic t0~ t o ~olco._;t.crh. 

t :,· >e r~se :wlin,..> t:. c. C..ru~ tacean .l.'or;n is :!' ~ __ or ..... ea. u..., H•i --

1 t.i v~ and is t-he Cw. .cnest :.d v~·c. .._..i~c:l.J; oJ~r~· • 

e;r; 



on "t!~eir r:::lative le:a~t.J:w) .nt:.k"'" cv ... i,.t.Ct, \,1t.•l t. ..... e r.hw:>-
o.l-~ 

do..J ;.:. t.:r uct.ure ( eACe t 1 ...... .su .. )0l'.;tv~:.t.t:i.v . .t ..,ye$ )~~. lov·ol o.u 



'!'he retinal stnAt CJSJ11e . 287 . 

As 1n Oruatacea the re•innl sens aena~ 

are unlpolat-. p1pented, nene e~ cells, bearing anal, 
' aeneor.r rods d aesoc1atea into ret1nula groupe. The 

distal, 1-etinal, pigment eells, found 1n some Oruet-

ce , arft not ,.epr~sented 1n Insecta. 

Aa ln Crustacea the retinal aen•e cella 

Var'!f 1n number and in the gre t aaJor1 t7 or o .. aee this 

number 11ee between four and e1ght. !be two or three 

celled t7J)ee, f'ound ae ooca 1onal mutants 1n eome 

Orustaeea, are not r ~resented 1n Insects. Ret1nulae 

eonta1n1ng 1 ot-e than eight cells are co parat1•el7 

rare, altheugh or re t~equent occurr nee than in 

Crustac~a. the cell~ neve~ exceed twelve 1n number, 

t~o maximum numb~r 1n Crustacea being rourteen. 

Ca~es 1n which more thm eight cells 

are pre• nt ar& reetr1ot8d to LepidOptera Qlld Hymen­

optera. AmDng Lepidoptera· ten oells have been de­

sor1bed by ~ohnas (1911. p . ag et seq. ) 1n !!•dtrlf!f 

and !grqt1,a. ~kott (1931. p . 37 ) poin~s out that 

an incre se 1n th~ number or retinal cells as 1n some 

lruBtacea - aee p . 14 8- - 1 e an ndaptnt1on to vi a1o n 

tn d1 light. N• AP,~~~1b~ t~n nells in the SUper­

pos1t10Q eyee ot ~t11 and twelve 1n !riennd£1a. 
U~e.~ h (1934-, p. 561) round ten eella ( of llhich one 



wne eo ~-hat reduned and 41splaced to arda ~~8 brse 

of th~ ~y~) 1n §ehe~tia ~!lla. 

Ph1111pe pointed out (1906, p 126) 

that, lthougb e1ght C$llg were typ1cally presen,, 

ther-e were s011e Ol'l'mat1d1a in the eye or Apts mell1f1c!n. 

~h1ch we~e provided with nine retinal cells. Bow1kQfr 

(1931) p. 15) described nine eelle, of which one vaa 

clearly a reaueed and degenera~e !'etmant nt the bnae 

of the ~oup, 1n P!ef\! and EpiDtphelp. 

t:1ght selle are or very common occur~ 

cnce. !hay br.ve been dese~1bed by Zi~~erman (1913 

p . 1 et sea. ) 1n Libellu116ae, Phasmida and Mantlda. 

In ell of the e ease& one or the cells 1a reduced to 

a nuoleue eurrounilei! b7 a em 11 ount of pJ>otopl ad 

nd is displaced to the b~ Re of the eye. Dietrich. 

(1909, p . 465 ) tound ttlgh't cella 1n Odonata d 711Phs• 

al thoWah Znva~1n (191ll-, p . lS6) round only tour cell• 

tn the adult retinul 1n !§sehqn IP· 

~ight ~etin~l cella. ~1tb seven 1n some ot the 

ommnt1d1 were 1~scr1rPd bf Jorschke (1914. p . 15!) 

1n many Orthopte~a and Tcrm!tes and by Ueb1da (1934 

p . 5~) in the IJ'ng1~om forma !uo()l10cenhslua 
. "' 

l'"llltttg and f!o.Joeom}Uts 11n;ga'!l• Among the 

Hemi~t~r~ Het~roptara ei~ht eells have been desoribei 

as typ1e81 or the Oryptoe ra by Badau (1911 , p , lt-17) 

and the sa ~ nu~ber ocnur~ 1n AfeUl~oapsJlraea1cse 
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among the Homoptera aeP-ording to Eltringhaa (1931, 

p . 43)) . Ast (19~) deae~ibed eight cella as IJP10&L 

ct Reuroptera. "il. tringhait (1919, p . 5 ) found the 

eame number in the Lepidopteran V nne gsa urtica~a · 

although he pointed out later (1933. pp. 21, 22 ) , 

that the nUJRber in th1 s ense 1ght Tapt from a!x 'to 

e1ght. Johnas (1911, p . 21S et seq) regarded eight to 

ten eell& s tn>1ca1 or LepidOptera, while Bowiltotf 

(1931, p. l4 ) d ncrlbed ei~t oella aa typlcal of 

the nppo81t1~ ey s of th1~ order and 1n partioluar 

mentioned th1 G a - the nm!Jb~r 1n Eo1nephele and 

!!fgrgp;lossa, where, 1n both e, sE}s, ono or the cells 1e 

reduced in siz& !lnd ~:e•tr1eted to the b"'"""" or th~ eye. 

liroljoff'ar (1908, p . 237 et seq. ) regarded eight ae 

the oom.oneat number or retinal oells in Ooleopter 

as a lfhole. (Some exceptions are pointed out belor. ) 

Among Diptern eight ~ella have been deseribed in 

~osophiln melanog.'lBter bJ Huxle1 and · olalq (1936 

p . lJ.S;) . lil1gbt cella a~pear to be typical of HJDLen­

optera where they hRYe been dcsc~ibod 1n Ap1dae.b7 

Pb1111ps (1905~ p. 126) aftd in Sphegidae, Pomp~lidae· 

Vesp1dae, 'orm1e1dae, Obalo1dae , &!r1o1dae and 

lfenthred1n1dae · by Q.e7er (1912, pp. 377 • 383 ) • 

Werr1ngloer (1932, p . 4-32) found eight oell~a in aome 

of the ommatidia ot D4rl1us ap. and s1x 1n others. 



!hua ei ght cells were found in OdonatA 

Iseptera, Longicornuta, Kant1da, Hemipte~a Heteropt~a 

and Romoptera, Heuroptera, Lepidoptera, Diptera 

Coleoptera and Hym~nopte~ nnd have been regarded as 

tn>1oal ot the Insects. as a whole by- Gretutoher (lg79), 

Carl"if,re {lg86, p. llf2), Hesse (1901), Now1kotf (1931 

p . l~-) &md &1 tr1ngham (1933 p . 123) . 

Oth~ra 1neluding Patten (lg~5. p. 647} 

Zavn~1n (1914, p lg6) and Imma (193g, p . ~) have 

regal"ded seven as the typ1eal numbor. A peculiar 

ar-rangement of seven cells in two laytrs, one of 

three aD! one or tour c~lls, has been eleac~1bed 1n 

Coll mbola by Berlcse (1909. pp. 6;9 - 660) e..nd in 

Lep11:'mata • se~ p . ~~" • In the se-ven oelle&· ret1nulae 

or f.cr1Qle.pett and !~.;.ntti tour or the oells are somw­

wbat longer than the others and projeot up round the . 

cone. 

Se~en oelled retinal~~ with equal o lls 

disposed in n s1ngle row have been desor1bed flS typ1cal 

llt Ephemopte7a by Needham. Traver- and 1'su (1935 p. J.f.9). 

and in some o~ thP oMmatid1~ ot Euconooephaluq ~aaUtQf 

and ~qm~cortphus 11n~os~ b1 Uoh1da (1934- p . 5?.0) 

Seven cells have been deser1bed in 01oadidae b7 luhn 

{1926, p . 4S9 e't seq. ) . In Lepidoptera the same 

number ha~ been teeoribed in Van~ssa urtioa! bf 
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Johonnson (1~92. p . 353),. Johnus (1911 p . ?.lg et eeq ) 

oto.ted that thia u, n a tairly common number of ee~la 

1n Lepidopter • In Pipte~a C~rriere (1gg6, p . 143) 

ae eribed seven e~lls, e1x peripheral and one c~nt~~ 

( s e below) 1n the r{)tinulu or .. ua~ 1!~b1$1 and gul~ 

.&;.. V1gter (1907 p . 532) re~ed thi$ ~g the 

number t,-p1 eu or uscidae and tn trlniY-'1a.1ft ( 193~ p. 28} 

dea~r1bed seven cella (1nolud1np.; one ·central cell) 

in Coleoptera ttnrl .D,'tt:r!'A!J\,ee. •ul.:e,1qg,e 'b7 Ii r~hotfel'l 

(1901, p. 1 et aeq. ) nd in ~eru! f.2~~~~t~1 b7 

m tt-1n~ m (1933, p . ~7). Seven eella o.r~.t ~resent in 

~~elqnth! according to ~ltr1nghan (1919, p.?) and 

1n D;rnt1ess margi.J}.n;,;!,! according to Korl:'\ehelJit ( 1924 

p . 4~3}, vtth ano or the eells doge•erate 1n tho latter 

aa e. 

Six oella are ot compa~at1vely rare 

occprrenee. In manr ~~nes, 1n wb1eb six cells we~~ 

or1g1nally th~ught to be present, other ~eduo&d C$lls 

at ths b~s~ of the eye were subs~quently located. 1bus 

Grenacher (lg79) d~scribed a1x cella in ~Rin&ph~l~ 

bet Jowlkotf (1939. p .l)) ~fterwn~a found two 

~dd1t1o~al Gells at the b~s& of the om~atidium. 

Sintila .. ly six cells tren desorlbed by ""renacher (1~9) 

in ?~rmestt§• where an add1t1on 1 ne was later 

deseribed b7 lirchoffer (1911, p . l et seq. }. Six 



~ells are however present in some ommatidia in 

Vanessa antiopa and Vaness§ urt1CQ! according t o 

Eltringham (1933, p . 32) . Aaong Hymenoptera W rr1ng­

loer (1932, p . 432) has descrlbed a e1x celled eond1~-

1on 1n some ommatidia in Dorz1us. Among Diptera s1x 

celle·have been described in .ugoa IRR· bJ Lovne 

(1!84, p 399)1 Paokard (1903, p . 253) and Dietrich 

(1909~ p . ll-65) . lfhere 1a no reason to aup~)oee that 

alx eells are prlmi tiYe or tJn1eal . lfhen present, 

they appear to have been toned by the reduction of a 

seven or eight celle~ retinula. 

Fewer cells than o1x are rare. V1Ilem 

(lg97 pp. 225-226) deaor1bed tou~ cells 1n Oollembo~ 

!his vae subsequently corrected ~hen an add1t1onal 

row ot three cells was described by Berle•e ~1909 

pp. 659, 660) the tour cells described by I~ms 1n 

Arlurida (1906, p. 41) are preewaabl7 dege-nerate like 

the reat or the eye. Zawarin (19llJ. p . 186) fotnd 

tour cella 1n !e•chnl rpp. sometimes 1th 1nd~~at1ons 

of a flfth reduced cell.. Dietrich (1909, p. 465) 

bad 4eacz-1bed eight cells in the .aympbs ana 1 t 1a 

possible that the four celled tn>e originated aecont\­

ar117 by the fus1on or the cills in pairs, poss1b17 

induced by crovding or the ommatidia 1n a lara8 eJe. 

In P!r1Rlaneta four oells vo~e described b; Grenacher 

(lg79) who apparently examined only the upper region 
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.Joven cells were l'lter mnde out by Ik.rle::>e, 

Grenccher ( 1879} describ ed :_· ... ur , e l ls 

'.rhis wae repea t ed i..,y : ·.:Lnc 

(lS c .? } · .'1Li. Eltringham (1919 , p.5) but aortK:.c.:_l t ( 1J24 t 

11· L:! .::; ) cncribed seven cella . The i"act t t t:}c ·•:1 ,bdom 

wac i'o;.l~!.. · rmed had led tbz~ eorlie r author into ... lle e " or 

o-r £ll.1._·:•c .... 1n: th t there were f'our retinal cells . Ttl iD 

errcr- to r. i milor to th nt which appears tc h· v b en 

mn · c n. connect ion with e ome of the Crust. t.r .. j - :: cc 

p. 147 ! iL"' .:ella~ d es cribed by tUtrinyha~ (lSJ . .;, .:_; . P7) 

strt.· . ·:1 .. :s i n this type . 

or r ve occurren~e. cll n 

u _ .. < i..· ~' lVe apt:enr t t c, be '' 11 adnpt ntion tc ;..: 1. ~ t '!..i"l 

de.-
d i • ::S..1.·:ht .. 1. ,generat i vc inCJ.'e"' s e - such n~- \.?c ·:r·~ l. 

Il J t c ~ . ~ix celled fv l' ::s (\P P t-tr to h nv€ . _. : .... 'Ll ".:.7 

.:et_ (. r:. t · .. on of on(-7 or t -;c cells in a seve . . ~ ... c • _ b t 

ir. ti. c 

f \ t·.r- :·cll eu. tYlJes, CO"tJc n i n Crustocea , nz•e v L'J r -.re 

in I.u.; ct s nnd degenera t e except in OC:cnat o ( ·: .c. ·. the 

fcL:.~ c llcd condition hoe :;os e ibly arisen by "~ . '-:J.:-: ·.on 

o:' t !;r. ·ells in pair::: , which, hen incon -,lt te, r t:·r:-:ul te 

in c :'ivc cdl r.o retinulA.) IUthe r the seve- r· :...., the 



e1D1:t ,;clled f'orm must be r~eorded as .Pl .. il?ti :. ivc 1G. 

t ;r_ ~. 1.. 1'be eight celled condi t icn is Pl·ob:l l ].y t:1c 

lncr•c :i teGJI'€ ad or the t --.o. :~eduction cf , ne t: o 

ceJ. :.. ., ·.1:1 ich are pushed out c.f the cpticcl r xi•"" : ..:. t:w 

orr;· t·:: .. ::.i·L , is Fl very cc ... 10n .. henomenon. 1 t i s , t'wre-

i'Cl\.. o~)-~r. huble that the e:,!~ht celled i s the .. \o:..•c. P.i.' l o itive 

ty~e ~j that tbe rema1n1~ formG with fe~cr cella were 

decrivctl rretn this by redtwt lon cf one or t'IJ.o cr 

ccct . i:..:1r' lly more o:r the ~ c .i.le , and in ooonnt · ~Y:J an 

e Rr:r~~ ~ll~ isolated tendency to ruoion of ti.c ,·c llt in 

pail' • 

i tS in Crustacea t he reduced structur. s -:; ~:1c 

b a .. e ., .0.1 
C ... lC eye t"tre c_"'t< n \7ithout nuclei c ... ' nPr:v· ~1.. 

Thi:: ~c:1 .. cncy to redu t ~en, ns in 0ruet[lcc.~, - ~ y be 

tbc ~- -"l"lfit of: an ance..;t1•:::.l tendency to P l c.::-

r et· .. ::. ..!. cells occasioned b~r the a1Jpre::sel.or.. ., u. ... it:-

it'. _ r'"C n11r.1bers cr retinal cells in the ccu . . c o:..~ 

the .. -.:.'·.1· tion of the c .... n_?cun\:. :ye. The J..' O>r: tlc:1. o:..l 

~nl _ ~ , ted r.1ore thrn ~ r£ e in evolution r::: ..... :: ;i1·l ;y 

nl'\l•l"C. . i:--c o:f' the cmmatillia and exaggerate~ by on 

incr· :::0d extern~l convexity of the eye. .!Xeduct:lon 

may n:D~~ ·-.:.."'cntly occur -even bere t h e cells h< ve u~ldcr-

g :-· ~\,.. i. i.nitia l increase in nurnber, as in ti1c c no of' 

/~1~ -~ t .i_' 
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,:.; ln Crustace~ t· e position cf tbc r.t:-:lel'l.,..; lo 

V C>:I J ·.: l ··ble and ll(. one locot ion con be :..el c:; ·O.. • D 

, ·r~ r:-.:: ~ :ve cr ty;sical. The nuclei may b e rn· c·-l · 1, ~iutal, 

<.-eLL: ., scnttcred or eve"'! be l ow the bnser::e: .. t c ... br·'lc. 

Tln .. (,.. ·1.:-tg . epidopt ern t lf€lY may lie in t bc G. .:..ctr.l rcuion 

or- i;l t o loyers es in F;pin~:Qhele and ~f. e . ..g.. 'lr. cnc 

e xr:r· len M ' t.:f r>nwn fra·~ Ucwi koft ' s descrirt ;_ ··e ( l')Jl , 

pp. l':-1 15, 32). Similor vn.rintione I.H'e O!>~f' re·t ln 

• • ( l "' r r .... 'rr e re t.~L 1.. , 

( 1~ . .:.- , - . 253) . C0nstn.:1t 1ilf.~'rnu :;ointed , u . . .1 ·'· \ n 
... -·· 

s c e l: ... e: .. r t he nuc:lei, ; lt!1c '-.:::h nbove tl;c b·. et~'J''\-:; 

me :0..,:.· 3 l n the .l)U~'D t micr..,.ted below th ia in t:;c '.d:rl t .. 

Thi~ c .. ·~1d ition is clct rly .. .xceptionol. 

Z:le nuclei ore cc: ~only, a ltbcugh ne t u..~;v:_.:r•;Jnll~, 

f'·~ u_:d tn l oca l swell1ngo cf the re tinal eellf!. 

( '·7, '.· -;; . 

"1nd in mAny Lep i dopt era accordin[: t c ~.c-::i:~c ':':.' 

( 1 ~.:.1' ')• 3 2). 



,3 in Cruetacer~ t~w nucle i are of r be u~ t:;e n .:-~e 

siz .. · 

wi t: .:::.::'-' chromatin r r anulca rnd usually · iC:. ::mc l coli 

- St c .. ~~ol3e ( 19Cl}, Geyer (1912, :; . 378) rmc: c -u:: .C'f 

P • j 9) • 

.n i:.t Gructacea the r t t innl cel l cyto l·T ... ic 

c ·:.. . n:· ~1y r nd densely e rnnu1 f"'r, "itb ~- i.gment f .i.' ·~·J l~s or 
db ~-· :- r..t o i zes ~attered t hrour hout tbe cells i n 

<1ncc ·.t ·; the illuminr- t ·i.on rmd cthr r f'Rct o!">S - ec ~: .. 1s-7 

t he : ·:·1 nt in c oneentr t"ted chi f l v r cund t t c _ :. ·b ' . ,, 

r: 1 • ~: <:F·· edr es cf t JH c ell nnd in th0 re[:icL c.' :m 

the _- lG.~~uc is net unco~ ~r-n ~ n r1 h P'a been ·.c;c· · .. "be d 1..:1 
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.&.fJ_dl!~...:. by Zawn.rtn (1914 > :.> · 18G}, in ;\_.J i s __ ::,~~-l.l_-b-~J_<l:_ b y 

l1lri · :. · __ :.J ( 190G, p . 143) t nd t n Tribolitlr!J.._c_c,J::;' P34'1 ( J.:;l . ) 

o::- i ' : . .. ;· 11 (1927 , P• G?.4) 

sec • 3 3 1 • The1• is sor1e dcub t '1 0 to 1 t c <.ci .: -

dec " .... - ·x·.a by Nowikof'f {1931 , P • 32). This i s cl·-"4-'l Y 

a c: c 1 nry loss in n c or~nnce ;rtth the e1 . :"J)CC iv~ :-; .. 

mete ~ vis i on. 

The st z•v.cture cf the r e tinAl (~ell ~yt :') 1 r.:·1 

n ot r '""' 1 t_. h ave bee n .::es crt'bed in any dE' '.tll 

/ in 



intc:.• .... t. 

Ty_.ically the retina l cells aa in ~ro...:t· . c:en run 

pnl~r l lr 1 to th !'! axis o:r the ot:m:u:\tidium f'rt.r~ th n .. )ex or 
tb . c:"~n. ~:;Jparatus tc the lJ. sement membrn!'!.C i < nnln,:: u. 

r · L 1: .r11· roset te nbout a central, axial rhnl.xJ.c. · ~: t_•-1. · tur t . 

r ·: .!. .::cllc decre~H3e in diametre towar .. r.. ti.1c ·u · e; c ~ :t:' 

For tht. r1 ·nc r ~ecn one or t1 c ~el~s ~ ~be 

bee t e Jis!;l aced an..;. r~ duced - see below. 

~.ncnt cell a o ... "' :· aint l .. re tinula [l•ot~_ · ... ... :la. t.o 

rw~ ~v. ~~1 l' in many c ~e.... The retinula n y v ... ;,· :::'rom 

a . _ .., lc ~t lly continucut: ..:heath to one 1n ·, ic' th _ 

uJ.vir i.O .'- bet :teen the cell s rercl1 practicPl ~ .. r- "..: tbc 

rhriL .:1:- . Examples c2 ouch variot ione i fl n . .. .>1y 

r el. t c j.' .n .. s in Hymenopt era are given by ('.,-e~rer ( .t912, 

Typically and pritnitively t he .. ut li.le 

c f Ui :.' t lnula is co x·ru,e-flted ~nd the demn:c rt ~- ' ·n oi' t he 

cellr f, irly clear. 

nteriorly the cells may extend up ~<r 

c1i!>t to:lCC . rcliD.tJ the cone - see p. ).<i'J.. • 

297· 
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~<..< t ·1-::1 1.n connect ~on ·.v itb the cones- c.cc _ f'l~~-,?.<Z3 . 

.. .ro.xiually the cell::; f)a e through tiw b f:: C .. lC:i.t 

me;: .s;:_ .c t :. become cent inuoue with the nei·Ve f .:..1a• s of 

wb i<... .. ~ they are the generatin£ -eyt , ~ns. .\t ti. \i t: . cL1t they 

ar·e t:..ounlly slightly constricted. The ecn \.,.1 t!.or.. i~'l the 

rna}.(' _l,_1Uli~ described by Dietrich ( 19L9 t !l!Jt. 2:-S 1-1!.]2) 

in · ·. · ···1 the basement ment>rane is def"icient, cc- t h t the 

rc . jr"l cells :__,retrude ot the base of the eyE i.n ,. e.:.;"1es 

or L ·'£:"<..11"!' .;>rocesses, ie clearly secon.: r-:: ....... { ·ec:?t­

ic nr:l. 

~:1e r etinal cell~ , Pe typically unif( l' l !'. eont(.nt 

thr .. -1~ut their len[t11. In duperposit.l·n r c.::,:J - v er, 

t1~ ; tn:ll cells ar~ di _ .• :'ere~t i nt ed into . ... ~!. . :.~.. .:.., .L &:: l, 

ar.. c .t~rtor region. thin, elongated,. t. :u. .r,_·· l-·~J.t , 

di£.. l- .i.. l 1rt wl thout ~it: tC~1t, is in contact :~ G;.:a . :1c 

lo' ·~c• o£ the con<- t1IlPul'•atus. The pro~ "r.;:_ 1 · : ·t. OJ: 

the :. i n 1 cella eon.ta ins th<. nucl ei ant: t: .::·:. ".J .:0::1 

s t:i. • ~..- r .:; tot:etbcr w 1th tlle ")1Gr:lent, whe1- 1 c c::1t. • The 

exr .... _. 0_ .... n of: the t l'lc po.t"tO i.n th.: ret i nal celJ.C\ c ~ the 

su
4 

<. r _;(),_ l t ion tryes in IAe:pi dogt j:rl\ hos b een C.:c:.: c.r.1.bcd by-

/c 11:~ ::r { 1931, pp. 38..../.~1).. The rhabdotJ oti'Uct:.2rc is 

lcr i:l fll-rosi tion eyes but th~ length 'r t 'h :::ella in 

frcnt -.f. thia in superopooltion eyes more t b _n r :: ·1_;c:nr~tes 

rcr -:. :: :; d i "~'erence (in. types of compsl~able c- zc.) 

~·curo.fibrillaf.' ~mes1ne thrcurh the :-:r. t~.:~· 1 <:~ella 

e • I S'"'l 

, · "ln~..o 



intr- ';'ic p , tinal cells w1H: e they nr e st_:en ·· c .:.."' ·:c ~ tne s 

t (' 1 c ·l:'i;~}':ed by .:.,ign •. nt. In Insects th eEl.! ~. tr ··: ~ ·. "' ..... 

~ ~:.-en as w h .. cly dcocPtbed as in .. :~cl t '· · . ! .... ta 

( lS l.:, :}• hl) dee crib . d the1 in J ollembo1 , 

: .. n\ r~:.. ( 19lh, P• 18:) : und them in Odonr l. -•• L~~ e .. ld 

t J.~. C.:~ • :! 1 only f'ro· .. thE 0 ,_.et.tent membl•anc Cc· 

nne " • "'.:. Heese ( 19l l ) t1c ... cribcd the1:1 in 

ar.C 1. :la ,;.. c.·c d thn t t hey c-:.ulc.~ be traced 1'1 , .. 1 ~); lo' · the 

t lu 1~ 1 • .. ile 11bchal tzvne ' oz· clear region r!'J..:·l~ct :~ ing the 

29'9· 

rhH:.,·.o·1 (i'1 which region tbey were pa.rtiaulnrl. ~ aJDurcnt). 

f i'b:..• ~_lr... , even in Vel'Y thin s e ct tens, he FlS .. :u . <1 .:.~ t 

thiz . ..,,n •v:ue to the j 1i1Sk l ng act ton of the ' ) .... 
.... u. 

( 1931' t hn t lft..:: ~c ( .. - ) 

... . ~ _ .... ~1-; .....:::~lf -un~; .. ~..: . .1. • """-~ a~ : 

C~l"C • l . ... 1 . "' (lU' ' ' ..,. 11 I' . "b ..... .... . i"'"" .._ .1LL 11""' _,l. . .' :..t 1 ~'" •!!+) ·.! ~SCPl eu fl "'' Dt -.;.. ~~"" 

Gonatantinenl'll. ( · .... j , 

£'· :~- 1 :_::clined to Lm;:;e's vle\t'S a nU. conciCt. ... c. t: •. t he 

w~ c b ._o tG trace tll r. -..·· L1n•illae well U.r.J .tr.tc tl;e ~.:cllB 

/l :..·VfJ.-3 • 



lnrv~e. Uacbatschke (1936 t p. 91} worktnr o:"l :n~~Cl"a 

( Trh ni l.~ e a nd Syrphidne) tra ced the neuroi'1.1)rlll o ~or 

a :-_:.1·c ·,. diatance intc t h . r·et inal cells, "'"~ ,~~· .lr l t0 the 

rh 1. ";t1 but c oul (.t r.ct f'ind thE:t beyond t J1ic . 

( 1S·:l . ')• 417 e t seq .), working on Orypt occ. 

ma ln::.u- . n I.ep idopt era, 1 .... e unable to tr~ec r. .. u l 'O. i'tJ:>lllae 

1 t: . r: &i .. be clear str•1 l.ed ft i chs ltzonet1 cc 

b e L. c J.: bet ween neu.rof ibrillae in the Cf> .le m· :.;:10 

r h r t · ·:~ln: es or nst i f t chen'' . The na tlU'€ · ;: t .lc 

, • ...;t ~..::~.. · :;:1'' and tbc end in~ of t he neurofibr~ .. l ve lc. 

t<ie c:.: · ed f ur ther in connection with the ! b,·bd .... .. r! ';.r"'.lC ture -

I·~ Insects as i n Crust Acea the fibrce ·-i' ·eccdlntr 

frc i:l~ c . lle of a sin e-1 . r , tinula eroup · f'S D . ·~,. of 

·t 

P. ./ 3. 

. .!.r.: 1 cells, 

wi t :. .... h cr t he c · l ls cxt cnuing e -i.ually 

1'r c. . , .. . . ~ 1· . . 'ten 

Dlsplace ::1C .. t or reduct 't on c . .:' .:.-.c . . t.w cells 

t o .. _ '1 ~ .lc b nl:3e of' t 11e .ye i s a common. f<- ·r. · .rc. I ~ e t her 

/cc~1tre 



cEn: r>c of th(lr groufl ·t t>) the rentllnlne cells mu•:-• u~ding 

[r. u _n i fcrlne: i n leneth, size I n .I • 
l,_ "' ... 

R f'c c · .en t 11 ret1.n<l- ~1ny 'be ctrati:fh<: 

.-,.c. :e 

~1 -"- celle o1·.:- ua·:ed c. ut the b· r e -~ ~:lc 

b' . 1~ . : ~ ·i ven by l.e rt:1 ( 19Jl~, P• lCG) : __ 

b~- _'mr. .... (191.3, p.l et .. ~eq) in CJon .tr· , 

( .... c ~ I 
..1.._.1 ' • 145} 

si::t:.c. . .,o::inrtlly ot~ r:~etnlly diepl~cec:, c ·.tl .. ~:. cell 

;;l·. t ·. ~ ~ .... 'ennc11"""" ( 1:'17°.)) ~1.-· · ·• -'· ~l .. nr•}l" T ( I. •· · • - • \.'. ,. v4 - J ,.&. .s.l. f.,.._ ~~- cl 1 ·~ -· ... :. ~) • 

ce ·. . 1 ;cJ..l, 

et·.: r 

( .... ,- ( . 
~!:.....=·; 

~n ' 'i u ·:,.., .. ~ .... ~· 

t.achat scb1::c (19.3:.~, -;; . 98) hn·: c: c::·lb ~..1 

301. 
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Co.!.t _: ~ .rn six cells sur•r•cundir.[ a d intaJ., <..e .tl~.l (:Cll 

( ~c 1 
1..,., ' 

,lt-· · __ - .1n:.l (1933, p . 27)· 11er~... cne cell ic cct . ..:.~: ly 

i r:. · t.. ... ! .... ~:1, a izc Pnd pitrJ \~ntct ion i s fcurtd in ~c:!·in):f;Ulcta, 

!:u.;_,t;·· _ ' · i2!!! rmC mill. In ~Pii?l~netn nt 1 01 .ted c,ut 

by l c!'.:3C (1901,) Berl csc (1909, p . 662) ant Jrr-.r1.r .. (1929, 

(·~· ' P• I" j 'cur of the cells r;x•c· lC'~f':.-I' t hn'1 tht. -"'- .r.ining 

rt of the cone {fer obout one t l1ire ... it tctnl 

'(~t Io- this th,'re ia tb<.> ueunl 8~"-V<.; !l cc1:i.cd 

ru'~ · tr .cr~t ·.1ith all the cell o pal .. tici)Ft · :Jl. 1- ~: ~ 

J.' O.L ·· · n cf the l'be".), V7i · I:r ::>.ntis rel1·io~ -· -· -··-----( . - -
Lie~ ~r- 'j ·;d by !'utten (13DG, ~: .. 61~7} three C f ;.Le r~cll..J 

cells 

:L J i~of:f ( 1931, p.l.)) has described v :..y . cul i ar 

He foun.d t o J. ·;/era 

of :..". t inr·l cells,· eoch cc,,oooed of fcur, nr rrC\" cl, nc· ted 

eel Cot (wit an Rddi t ion" .1 cell crowded ~..ut · t ':1:c b· -ne 

cf t:. c> "":[(':) t • • As moct •;i' the rf.lnted f.'c rme t· · c c12ht 

/1 .... t.in-tl 



7. "'3 .)I.·. • 

ce· lc t:.: ·cu.Ld see :1 tb t tl1e r· tlnula is :.\''11'1:-~11;;" . (j "1ed 

Ly L ~o; divi~ions ~~ th ~P{.nt cell. It a~.;c .... ·_"Jonnible 
-plG~.ne 

tt lflut divie iC', ·. b ~n 1:'. this c aee b<. c . i:~ _.a ,; lt isn 

··:r • .r .1erc 

ie v . ·:..· · i ;;tle cverlt:i)h,i.nr: or the cells c. t11 ~ · o 1 yt•t·s 

£hie is a latt., isol t .e ~ nd l11r:hly 

eel·,· .. ~tic 

e i! r i_ ienncc . 

I etrntificnti.cn r;f th t- l .. Ct i.n'\1 tel 'c .1 vt, 

· nJ ·.epis··,~ t·1. In ':',clle :bola t· .. - . v _J. 

i m o ·_c-: :i yers:, the ai .t 1 ..:-r .i"cur and t:1 

The s.,,. :- J:>..(>··ne:ement has 'be ._n . :...;c.::. .:.'!>ed 

-Y-6 c£ Lepie , t - .ce J .2~ ( r.~- ..... "~~-"n 
.......... .l - - ~~ -

1... ·ilJ d in the 1: t. p .. ,l, 1'1rv· 1 t_yes .. '-'/ ... c te.:.•. 

'I n ° ) 1'-lanki>fttlt ( 'l 0 \' 
"- .x:; l. • ' 4- (..I ...&.. '.J ..,I I I 

, 9~ ) ~, ,.'. w v , .. e 
- ~ \ 
L\..10)• 

In i i ;C cnseo the d istf\1 lnycr consist \ r f'oul~ :1d the 

~ 4··c:rl. _ 1 !' three cells. 

tht cnnix). Thcr ts nr:tl1ing in erne .-.co· 



..l.: lC peculi ar eyc o ._f Colle ·.lbola nr_, _ 

rt.L;. l t !.onsh ips of' t hese eyea ::resent t:.e .. · ~ . -v. :.: . 

TL < ~r .• .tiru11 peculir.1riti:::s and relatively loYT L'!.' ·0.e o.r 

~cvclo .. '.l ~-:t and organ1s~t ·en ( r s exeml;il1.ried by ~:1 O'.!lal l 

nur.tc_, ,'i: unit s , tr1eir ab:)revio.ted form ~nd ec·K~·;::lut 

ir:·c.c -ui r Hrrongement, r:tS well ns tbc ir f'f .sll c ::e 

nt .· : 

be 

c:f th ~ P ·tinFtl celJ • .: 

z:v. f' t 0 

J- -

... •(: ·-'· nnee 

. ' ... 

Y n 

d · sc~ ··· ···d in th~ a:ppe~dix) "r in 5.ny Crust:. t: .. :':10 

··"cH nre 



con 1cn basi c ~.:an, \:: · .c 

ar .. .. 

tLc : .ct eye mu::..t hove been <lel .. lv<~d rr·c,o ~ ; cl.t. . evcloped 

no 
~ L1 ·.tcation in tlK ~c eyos in amut omy cr' r :1tocuw ,.. 

eye: 

, • t . 

J.., ~ .... \I. An ext•_ . .t. i. : . .' .1 c . .: t 11.. .::e t i ru-1 

in "'... ,,. 

.V 

; .. ("" 

\ -

. c 

• H) 

sec nct--.ry .r.nu wi t hout reAl rel •·t icn to the c: n itic-'"1 ln 

Gr ·· !.: ' wln .... nd Lep1sm~tfi.) 

. WfTC ;:cc .:: "i1.dnr1ly blind. 

/ 'l. -



flnC ~ ..... ct ·.:.1' the 1 r~ucct ~.. nppe~r to be ~ el'iV i !'l. a 

di: c .-·1; ··.1c f'rom a cr·ctstncea.."'l stcck it aec t ~·· :J~ulc 

tll• ·: ~ ·10. ~yes in the a.nc storo cf the Colle b.. lA -.:td. 

Le_. ic .. l ti\ .. ere temporsril;y- lost or· very sevcr .. cly r:·dueed 

n.r. -l <. tlieue peculia r nne 1au•tly degencrr t · cyu.> were 

d.e-v c-1o)cd in rE:'spcnae t c babits i.nvclvine ru~ t·"·:.r.-e·•C'e 

tr: i _ ~-:r:in.at icn
1 
:rrom th ,- remalnine rudiment a .-:·"' :~be 

~''Ye , a.long lines corresponding t~ the c:?i~· innl 

atz'1:.e: ,l_,e \)ut rnodif' i cd by 1 t s degener~tior-.. 

- -- ·-- - ·· - ---- . --·-- ---- -



Diotnl, retinal , it' .. t ecllo 

~ r·r: ~; , 1 t. 'i1le t wo < :.• t ' tt·ee celled :rcr:.£ cc c: 1 '~ly 

f 1· _ ;_ ! C..:.'ur t acen ta·c not .·c ~r<:.sented. : o::.•e t b n 

eifit c~l ls occur only i~ a~e Rymenopteru and in 

'Jc : ··. ..):;:.. !'a, 1n ndantot i or. to surx;r-pos i t L 1~ \ .:.· .L.;.. 

TlJc ~r ") .r.· l1CVt·r excee ds twelve, oe it uo o in cc .10 

de[cn~·r,•te Crust a ceon cyee. Ji~ieht celled t~r_.·c; o CC'.lP 

:".t 1.1ln , 

!C:-:t cf th(. cel lc j ccc1.tr i n Ct-11 nbc.l.· 

ac "~ ..!.".1 cf' Insect,: by .:n ttt!1• .-GWari!1 1 ( \ 
& ..... ,; • 

3 ·i c '.1 :: J types orr- knoY:n. l n so:1e Le.Jilic_ t: .. :·· , 

/1: t I' 
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l .,t P been ci i s c ...,vcr cd ··t the bAse .f the c;,; . :;~;c nix 

cr t cllo in a seven ._r , itl;t celled r· t: i :r-lr. '1'i1<~ 

rrue. 'our cells llnve 1J en <.'escr 1bcd i r.. ~ p, 1, in 

of ti 

tl:e (•c :c- ___ •t.Wed coni'uo1:-.t' in the 1' i r st t-i re 

lett 

"1~.-. incc;,pl t. te, res~1lt,: in the 'or .c. • • -
\, - f! t .). 

cnl;- _ ·. v cel led retini .. l~ ~~town in I n cct~. "i . • t ~0 !l d 

app · :_-. t ~l'-ve been the : :ri .i tivc nu·:tb r -c. :1 . t -

.n . . vc .i''counmbly un~~ .Leo.::.<: an i n itial ~cc : 

i nc c~. 

. .. nti. .:1oy cv~. n 1 i bt:lC.l the ba6e: c .. t '. 

of 

> ... • _•t_ d 

. .. -
~ - ·- t n 

!'- c·1.t.o. They E.re .t.t in.i'r quently loc· tcC. i !l. J.ocal 

s-crc J.2'~·-:. .:n o.:· the <•ell s, !1PC usunl ly about t~1r t.- ..: clze 

I i ~l:1ct 



.. 

.:K:J 

d · t.t ~- "::;t bcunur;ry, r rru1;. .. Lil" contents ::~n El' .. ~ C li • 

rt.:"· · t ·_ 1 t o 111u:.1inut i.~_ n -nu ether fact ore. 

ty_ ~ . . ~ ... y •t r:1elonin ..... cz• .tv • t:. vc..., is .o~robl'bl,; ::: 

... i tu, 11 tbc--urh 1 t may in IJome c, c..:- b c.:ivcd 

.rrcn :l lnr-val eyes, at least 1n .:;art. 

abr.c :; .1ly tn some cupcr.., ;csiticn eyes . 

:2 the reti.nul e c>,!!.V-.r£ e to the ~.~pt ie n ··ve, 

tL ·_ i !1'"·1 cells deaeenoe in s 1ze proxit,n J.y • .., tend 

tc 1Jc c · .. ms!wcl out at Rt th~ b'-'3€ of th..-. 

i\C j ~ t ef'lls rw1 toect'' ·r 1At , r•nlly, but t h .. t ~ . .:ula 

rc::. ~- o · -:11 - ends . r the 1"'' tinPl cell., 

.. ... 
- .:> 

el The ret •. ol eel L .... :..-o ject U.:.J r -.: c L1.:: c. :J.e 

t r <. l~~sser ext er·t 1;:). • f€rv other cnscr.. 

lc. .. ·n '.1 the cells ~ re co!".Stricted, he> I 

t: c . ·v;• i. brcs. ( ...!i1.._ l:•1•erul.ar a.rrant:;e "' t rt .:::).._;. 

brL>c "' . -1 · . ye in SL.ulh1 · ia v ry e:xcer•t:;.(.; __ l) . J..":1c 

.uperpocition yes nrC" eharacterisce. b ivision 

of t· · t i nnl cells into nn el~ng~ted, tr( .~.c~n:•-... .:t, non 

/P. 



.. , ' 
.:,J-v" 

n r-cc~c.!:>1QI~ part, contnininc nucleus end I"h. 1x1on, '7ith 

(or rc~c-i;i~as without) pi['r.l( nt e:ranules. 

iG :.< ll .. :.~ in superposition i'or-ns. 

•~Ul"Ofibrillae in the retinal cell c~~O)l 13. i :mve 

not iJ c l nn widely described as 1n Cruatncea~ 

Blrtt1dn, Diptcra nnd Icymenoptera. Only I'c~;:c , 

Cor"-C ~· :' ti.nc11nu nnd J··billips have def'ini t 1 ... ~ clrincd 

n e c. t-~lutty b et r t-n thf f'ibrillae 1n the · 11 ltl t lC 

"I l>· l~:,~onen and the rhabd or.:1 plntce or stri r t1~ n .. ~ . 

1 rcl1 t .. tchtte, 'Hednu, 't..,l tringham end Nowikof"~ h ·ve dc;1icd 

tbi . . '1c1ls oth .. -r tho.n r ··t ina\ cells nre n .. ~; in _c~·v~ t ed. 

{1.o-2llC , ;; n c other O'lrlil" .. ViC S On the im~ V · ..,. J:\ n;.•e 

mcnt ·_ ned e leewbere} 

JiGturbenees o:f ~l1e E in 1~ lnyered <"l. !' 11.; ·c .. CJ .t 

of . u 1"L r e tinal cello r. 1~n not uncc~wn. 

r·nc:. duc tion cf one cf' tr1c cells at the l1 2e 

ej'c .. ' >·:-en described in vuon!'ta, Phaan1u:~, 

anC. :.:.: .l_Y·-·tmtly Cue to ,:~ crowding of cello t ~ :1c :mse 

of' t: ... : ~yc . 

eel t ;.· 1 cell e1th r ba&icnllJ or distally pl ced, la 

f'our.U in sow~ Dermtsptera, ColeopterR anc. Di.:.t cJ.~a ~,nd 

le . .[_t..'~ _ !"' izc und ptcmentut i c.n, are knovn lr: !:f:.--.:::1.)1_ net a, 

In tlle first th:·ce, so. -:.e 



A strrt~ ic · ~ion 

ceJ. .. o :t• .·o~:,e ctively hao been ~.- eecribed in ~.cllc ·bola a.""ld 

the ~-·. Ire length of thia structure. ( Rud~ 11 £1.:•:" ncc­

m :-- t .1. . ~cund e lscwh . re in Insecta only l n ~or .e --Dl"V•u 

cor. c eye from ee -r.te ur-its~ or dect.r .... -:.."' 

aec.nu more li~·.cl;;~. 

cc.'".:. . ·.-1 eye rudiment ) 'hi.le the eyes in t l: . i~ -.;; '· :-:: t:1e 

!r1~. cc .;.3 includ in£ .. achili ;n : bPVe b ( en .... c· ivc<.: <!L.? ctly 
• 

~.c- c ._ .. •1 compound cyec ~ 



3! 

1a horn~ r..long the 1nn·~r, lc-ngi tudinal , a%1<-1 bo.rc~l" of 

the :retinal cell. In enoh retinular gr~)!lJ) these rcHiB 

are c.ore or lt~, s ar:.p:roximt!tea to form a rhnbc ... o 1 • 

'!'he rods are un.t veraR.Li.y r rea en t and typlt .. ally 

ex,end tlu·o~b.ot.t thr.! length o! the retinc>l t::alla 

f~o tlle r-pe.&. ot the ct~ne apparatus to tllt .. bnse en.t 

r.nt:!mbran ... Diatr l.Ly thrs retinn.l aeLlB nnd ti'leil' 

r.babdo structures rc.. Y. extenci ilp into tne J>egion of 

the cono ar.paratUG to a arrs< .. ll ~xt~nt as 

(Pb1Lt i">s , I,m6, p . I2t3 ) • It ia only ia Ooll ""moo ln. 

{Berlesa , nm:1, p . S5'), Ler:ilima,a ( se~ deac:r1p\1on 

t.bovl) ) am1 f.a~'lQ.elll (Rease, !90I} thn t. thit is 

in ~ny ~ny marked. 

Primitively ana typically tb.e cone 

~PP ~atua in :tn contact 'lith tllfl l'b;to'l>....o utructuro • 

Tbis in npparently designed ~o t>:Llo'if t.ha rt.aciY paonage 

of ..:.ia;llt. !rm one to th. othel' rul.d the cnntaot 1o .sortie­

times 1110 close that t.ht! t\10 structllJ'$9 b.ava b~f!n 

c..eE~c:rib,.d ~s onn~ini.hiUB - Bee p . ~'i.l • lu socse oaseo 

ho ever tne cone apparatus i~$ • ot .... i. cn.ntR.ot i tJ1 the 

rbt:tbO.cm. In nllileroll!~ aur l}l"pos1tion ey~a 1n J.,et::.i{ op\er& 

~nd N eu:roJ. tf:ra ( Bet o•1k.oft. I~3i, p;:. . 38-~l) ana 

.1.n /sor.~e oaaaa in Hymenopttlra { 8P.l~ 11erringloe%,l~32,p . 43~) 

/<the 
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of thr: retlnula group anci is aeparr-tted f;rol'b th~ cone 

rJa. 'nl"atus by a. long • clear • transpar~nt part o£ the 
. ' 

xe'tinr.l. cella.. lsolatoo eJ~le& o·f. aupr~!"f.onition 

(Jir...;.•ati<tin o! 'this k 1n<1 arf.! found 1n pa;rta of ~h, .. dout>le 
/ 

· eyes of Odonata • KphemeroJ:.tera. JJiptera. • iiymer.opter 

and Coleoptera- S(}e )) • .:t41 • The pllysio1og1cal 1 portPno 

of the at.ruc\ure of ttL Sllf- arpoa1t1on eye is very. oll 

known- &ee Imrr, (1938 .PP• 86-B~) . It iB cl rlr 
I 

.:f!4aptiva ana neithP.l' primitive nor typical. · .. pJ:ro:.t-

imately the aa ~ affoot iu tcmJ .. ora.rily ntta.tnod in 

f~jres i th the a1:·r oai -t ion stl"1.1Q\uro (with th~~ eon1 ;:ntl 

,r.l.•tbdcn stru.otures in contr ct) by migl'ntion of ~h;e 

; .... igr.nent • In tbe func~ionH.lly ax • OB1 'ti.?n Btn.te 'thf~ 

:<H ~ ticlil! a.re 1solnted by r.i~"n~ • In the t'uuct1on.. lly 
i 

'a~upal'pooi tion at.~'te t-he isolation in lnootflpl ... te 

f , in th{~ ret;l.vn of contact bet.we ,n tlL cone and 

.. :' l'hc"l.bu.om structures so that. tlle light paaat~a rro n ~i'le 

.. · . 1 .. t ir of th~. cone ini<') · .. lJ. the ne1!~h'bourint, l"ot1nulae 
. 

· · ttnd not only into tb" ,me ir medL·t ~l~r 'bel\>" • 

,l~ its lo er eud tlle ratlbdom stru.otUl"e 

nove.r ex'tendn beJ.o'll tna b1taena.n't mt .. abrana but • aa in 

, Grus,ncea n'lt.y end n coneiderabl13 diii\;;nca a.bove tbis . 

here a larg ... tracbenl diatribulor - aee p~lo..; - i a 

r.rf,nent bet een tbr:: retinmJ. cellf ~~..n r: bcve the 

ba.so.ment membrane as in Lepidop,ero , th~ rllab .:.or 
· . .-· 

rests on this nn.ri a.oeli no-t raach the bnsat"ent ral)}b.-nn.e 

/a~e 
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C 11 - tJ f. • o&c1 • 

. en r ~1.n ne .rn~e an J 1 cl tad it.hin th. ditat l 

~a ion~ of tlo1r. on cells . In v~ry 

tho .e of ~yades ora.n,,.ioae as dnscribt"!d bv lt.:t.~n 

(I Sl • Jl • 4'*.~). tb .. lt"u brro e:r s ar x ciU..}I!d nd ; .. nd 

lo. only a part of ' e re~1nal cells . 

f' %-iml. t ~reo re 

blJ epa r te au dis o ed noot \ c .. n\r l o vl.ty .. \ 

en· rat~ y .. r , as in ao a Crunt oe&1 no 

to revert to \be pTl i~ve c;nd1tlon in \hlB r 

fbe otmtral c v1~Y l.n -~......,_.........,......_ 

( rl B t l90S, p . .~ . li• 16) P..n 

O'X' vcr.t loo lly rouprnl l'hr\1 ... o re ar.. p ,. ar 

pr 1 ti ve . t h £ .p r 't ... ,.h b o .. r Al found 1» t ( B C'+~~ 

1u. ni. en t ue ratiniil eel n re roup d bout . c. \.ral 

c ll a:e ... cl ::ly ;~~g n :.r t tn nt. rl!'J th r • a:t 
' 

r a tLlo , tendency to ~ortlroo. • hicll T u:l.'ti;) i 

tl.'" p: l'~ivl or co: l~t .. obli t~rnt.ion of th. o .. utr 1 

c 'Vi "\J' and ~h oro e>r le:- a co let-t: fu .. ion c, • tiL l"h: bdo 

e~ a . · xa~l of o of ttlto .. intel'! e in~ .. \~ m 1n 

t.h1 ~ proc .na , rn ven below • 

A ec nd ry sa) .. n~ tion • 

/the 

ft .. r 



may occur 
the formation of the :rhabdom " 88 in 1-iachilidn. - see p • . l.':3'). -

1there n seven -parted -rhabdom is divided 1uto ~-~ur 

saconctar1 a~gments . 'this is oom1..on'3r in Grust~cc'' than 

in Insects . 

tne tra.nsvaerse Bl!crtion of th'= rhnb1~>m 

8\-ruoture assumes :\ nwober of shapes • These rrre not 

f ... 8rhapo quite aa varied an in Orue~acea. lfo one 

· f'o'r'm can b~ regarded ao typ:lcal but the lobate or 

roue~te fOl"!il 16 {:.erb8[.lE tht:::! comlfl(Hl~at. In thiG CREe tbe 

lobes coxreap~;na to tl1e o:ri,~:i.n~l rhnbuo:nere se:·mr:;nts 

this rhabdom tYT>C iS found in Ua.chilio.a - see p . :J.3~- , 

in many Lepidoptera (tio11ikoff • I,;~Jl ,p. 40) and 

Uyt:lenoptera {Geyer ( .l;1!2, r ~ 383) • J\ t:rapeZ{)idal form 

bt& been descrlboa by ZawtJrin (!9141 p . 186) •n 

.. ~esohna. sp • A s.tP-ll~t e type has been described by 

C'!rriere in _\tt.sc.a (IB85, p . 145 } • An X. shaped type 

1ti th the arms of the oro sa proj e.-!tinr; bet\'Jeen the cella 

'haa been desc:ribad in ~\ru(Ua ~Y Korsoheldt 

{IH24,. p . •125) ~nd in .so tt~~ LeDidoptera by ·~owikof! 

(19~)1 ~ P • 40) . The condition in fl.ew is very unusual. 

dmtikoff (193! 
' P • 15} pointa out that the rb.nbdcrJ is 

· d.int:;lly roumied. tht~n 'becomes squar., ~ then hexag.mal and 

again square in succe:-nive sections. 1fh1a peculiarity 

iB ou.-~ to the sint~u.tar arrangemf}nt or the r~tinpl cells. 

The roun{led or aqunre parta of thf: ~babdou are 

surrounded by the four cells of tbe u~.per or lower 

layers • The hexagonal form l.B found in the small 

/:region 
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in 
reg1.on .111ch the layers eet - aGe p . 3o;~. • 

'ihe lon,..,itudinal fo:rm of th1~ rh bdom ,. 
J 

alao varies • ThP. size of thP, rhalx oa structure , lit~ ·. 

that of th ~ retinPl oelltt • cn •. monly deor~<l.tlPB to a.rds 

th(~ bl sa of the ~ye • It is usually in tlle +'on~ of 

rod decreasing ill dirrJetre bar-ally. In some cases 

however it is spindle shape~ an. CQnsiderably tnickened 

centrally • !his is the. ca.aP- in ~1!l't1JL.rel1E.~.Q.ft$ 

{.l"'atl.en , I8~t5, p . 64u) atld in w_:u~:r.hoxq and othera 

accordin1 to Lowne (!384, p. 416 and Isgv, p . 413} 

and in Many t.epinoptera accondint, to •"o ikoff ~ii13l , 

pn . 3~-·l0)"\1 Patten t.nti Lo"ne conn1d~red th?-t ttl:...ri a8 

the ty~icRl fo~ ~nd referred to th~ rhPbdou R. thv 

S'>indlc" . 

Primitively each retin 1 cell~ 1 nsaoe-

int-~d itn a. ol.n£Sl') :tht'buor:u~re, hie>. lies ~lou ; 

itr. inna-r edge , nnd typiuttlly ith :: sin~l~ cl.m~nt of 

tn rhabdom ( her~ they ar .. auf+-ict'!ntly clen.:t• to be 

mEt.ue out ) • The ar ran~ement aB d~•crin~d. hy AL rachel lit 

(l:o.i~4 .. p . 4~6) in DU~l!.C.-!O..Il~U...t.a is excer tl.(JnPl. 

In this ·~:1ae tn•~ :rb b rlO'll ir, TOU~hly J.. shnred, i ·th cb 

r~y projectln& bet een tM adj~ot:!nt c~l.Ln . 'rhe . r JG of 

each of the t o members of the smaller pair of. o ppaite 

angles lie ~lon . ..:. the borders of a Gingle cell , 

while the arms of eAt.;h of the re ninin~ pair of :;n<:.le 

e :brBce t o adjacent cells. Thuo the four arm~ of tn~ 

.rhn.buom are subtended by six cells. 

/The 



; 

I 

I ' 

31.7 

Y~ft reauliar relatione of th~ retinal cell~ to the 

l·nabo()r.l. atruc~ura eee:n 1n som·~ Crustacr~a , d~ not nee 

to ,.b ~ pnrall~l~u in Int5octa • In ~11 cases thrn l'babdoa 

~t:r.~c'turen flr•l in cloGo oont c\ w1th th~ r~t ·.n; 1 cella 
I 

c;n,{; CO not 8~: n.rat~ from theB~ liP. in th /C"~"i~ in : f W 

I ',OJ:UAt&.cs~ra. - s~e r . ).(JCJ • 

·' Pigr11t!nt gr:tnUl~u , 1Silicr.t ha.v. b,.~.l 

de&Or1b~d ~ few t.L. en in th / ... habnorua 1n. Cruatao ,r 

r b&en't fro~ ~b~ !naaut rhab<om . 

I s P .U. refr:a.o'tive struotur6 h11a been 

d ,r,cribed by Ki:rchotfer \I. .;Od , ) iil J~ lie ol: 1 a 

th tt by auitabl~ n~aining mt!thot G th1a onn be 

nifferent iteti from th . ., rhr-.bu.o.n atructur6. Ha l!l'""···,....., 

th~-t 1 t. in a ar. eciP.l ~efract117e r!ppar~tw~. r.tltringha.n 

(I933 , f • ,)2) 1'oinr.s out tnat it iP vory p ,c~uli·r 

ana r.a'I'c A.n(l it,.. function obaoure. 

c J.tioul; r 

ec tl!t:.l\'.;1 of the ca:l:L w1 th ~ ".1..op trli~ f'unc'tl, n • or a 

cleri.'t (ti!ferentiation ot th., proto,>l: am, 1n .!"'.inh "th .. 

n~u:rnfinril.LFe t;er 1n&.te • h .a lonrs bt!On. ,, ~ttl:! X' ot 

t..l.~-+ utc • Tilis hr~a \) J 1 d1sous ~d e.taenh :rt .. - G·:!·- {} ~ 1 r, r3 . 

The "Stittcbl!n u o~ rh~tbd(/" pl:2.:t~s o:r at r:\.i tionZJ, 

dt~sc~:\b ~d bj He~ne {IH; I} a n .u-rof1b:r.ill.tr ·~n,1J.ngs 

in th~".::rh.a.bdom have bl'!<!. d.eacrib!ld in savern.l in3t~ nee• 

hri;rc t.fle!f h<J.ve 

/ 

1.' ..til~. cr. til!:- o .Ltinlum. 4 on.e of tl1~ <:orn,:1lc.:.:; r.. 

r .... tng,:~enta of in~ plate., describ~d l.n so e v:rur.tacea 
/ >Ct .. 

j 
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- nef'! p . \'73 - ar>r.ear to have beml noticed 1n Insecta . 

A strlate(l rhrbdom structure bil.B bean record d in 

' Lepisma ta and cbili<ia ( see pp.-.;to1. r I ~.?.z ) • in ·Oicr ... didae 

(Kuhn • I~6G, p . 4H~~ e~. seq ) , in Ap1~ mft:ru.:t~~ 

(Phillipn • 1gos, p . 114 ), in mnny Lepidoptera roo~raing 

1 to Johna.s ( 1511, p . 2Id et aeq. ) and in tile compound 

eyes of la:r.ve-1 Culicidae ac!cording to Cone.t ntin a.nu 

(1930, p~ 253 et . ·seq . ) . Hesse· ~I~Ol) deaetib~d this 

itl detpil in l:..!l.~~netli, n.nd r<~ga:rded it ::1s typio 1 

of the Insect compound eye • 'l'h~Be 'ltructu:r~s 

in the superpon1 tion eyes of' some Leoidoptern. ::.nd 
I ' 

- europtern nccording to .• o i.Koff ( l9;s.! , p . 21) nne in 

.~.hose of sornP. H menopter:t ar: cordin~~ to rerrln~lber 1 • 
I \ 

. ! 

(I:3~?.J • p,43,3) and 1n aupe:rpos:\.tion eyrya in aen~rnl: ·, 
I ' 
I 

acco~ing to Hesse (I90I) • ' 

In some uscidae Ro:r deocr1be.l by vi~er 

( 1~07 1 p . 532 et Beq • ) th~ rh<~ 'lJdo.n is ~.iYided into · . 
I 

an anterior • refractive • homogeneous part nnd. c 

lo er part, f.:~.n~l:r ,_ tric .. ted trn.nsv(;:rnely .. 1lle u vm·'!r 
. : i 

pPrt reaemblea n 'typical a r;posi tion rhabd,Jc (: owl.,kQtf 

l93I, p . ~ J and the lo~e:r part s. tn: icnl. ~up •~rposlUon 

rhl'bdom • This is a very exception:!l ar:rrngcr.tent . 

A definite continuity bet"Reon tbn 

~ eurof':i. bril1a.e in th~ cell -· ,-- and those in 

the '' ~ cn~l tzone 11 i th the rhnbdoru str1at1o»s h~s been 

/claimed 
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I. 

/t;' '. 
, _ c tnimed in t;eneraJ. by Hesnc ll~OI} and aeucribed in 

/• 

\ 

, :; !ilr~t1culnr by Phil.tips (l~Of>. p . I~4) 1Jl.....l\p.\a...zt..~l.;...ti'...iaa 
I 

?r Jo·hn,..n ( 19l.,. • p. 2EB et. Beq ) 1n r..aridopte;r'l , 
•/' 
I 

:by · orSOhfJl<i~ ( l.k4a P• 435) in tlrtit!.alla.Jia~~~t.a 

/ M.n "Qy Oonn~antine nu \ I.J:50, P• --~53 e-t se i•) 1n ~u1e 

com}Jouna eyas of. l~:rval Culicidae. 

·~oat oth.er author , who bn.v o tour.: net. on 

the fJroble: 11 llr.Ve clr=t1. 0.. ~ ~;Ul'B cU'\icul r s.tx~J..Ctt;r ... 

fot thqthabdo anc. r.ot a ncuro!ibr11:tar on~~. 

This 1a. tht; o,,inion of Gl'r .. nfi.Oh~r (~{)'79 ), ata.se (:tH30), 

1xn0r ( lH~.:~ ) , J"orschk~ (LH4} • to 11wft ( I.3:~ :o 

ana. ar,hr .. tGchk~ (l9:~eJ . 'rhe outiculftl" nrtur o!: the 

rha\,dm.~ i.a • :-cco~1ing to .;o ikoff. CrH3IJ • 

a;pa:rcnt from 1t.r. t;tR1n1np: ~nd opt.t04l pronryrt.i. .G.,~ 

1 ts xenlr·tante to phys1t~nl strains &hr. 1 tij. r:~.s r- 1blanoe 

to dev .~ l y;int, ch~. tin. uacl'Ve. tscbke ( lH3<3. F. H'') 

concurrs 1n thJ~ -nd iJustrut~s in ~otail th · 

Th~re iB no r~tl ~~greement ns to the 

nC!. ture of th·:: :rhnhdom but in !m~ect~; tht": ~Viderlce 

eigne in fn.v,_ ur of the v1:!ll thP\ th13 is :'!, skeletal 

rna a ervin.~ typion.ly to .disperse the ligll\ cono.e!Iaed 
; I 

by tht, c ,;-~.~ aJh'1 co:rn-:~1 l~nc , an'tn t.ll~ ~cnsi tive ands ..-

of !.11-;; n~urofibri llae in th'~ ~1fVIcntM cy~~·; 1 ~;m ,p' 

of th~ retinal oeJ.ls. 
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summary - the rhabdo~ . 

Primitively the rhabdomeres lie ~long the 

inner, long1tudin8l • axial borders of the retinal 

cells fro t·he cone f!.pparatua to the basement memb~ae . 

Extension into the oone region is marked only in the 

eyes of Oollembola, Lepis5ata and eeriplaneta • 

The typica lly close contact with the oone apparatus 

is lost when tne rhnb<iomeres separate and degenerate 

and in superposition eyes, here the cone~nd rhabdom 

structu~es are separatadby a olear, distal part of the 

retinal cells • th~habdom structuYe never extends 

below the basement membrane but is often abbreviated 

here s, tr.l'lcheal distributor or a. central cell is 

I 

present ,or where the cellP are very small~ Primitively 

the rbabdor.leres are arranged about a. oentra.l cavity 

as in feriplaneta • ~ypically )be rhabdmeres coalesce 

to a greater or lesser ext~nt , 1th a loss or decrease 

in the size af t bt cavity. Degenerate forms , as in 

Crust~oea ; may revert to the primitive~ype. Seoondary 

segmcntat ion is not as coirtmon a.a in Crustacea. ana. the 

transverse section is not as varied • This ia co:mnonly 

lobate but may be trapezoidal. square , 

stellate , X shtJped , cruciform or hexagonal. 

It may vary thoubhout the length of therhabdom but the 

extreme variability in f~eris is exoeptinnal and 

related to th~ ;>eculiar arrangement of the ret1nal cells 

/ A spindle 



A spindle shap!d rhPbuom is not uncommon and tbere ia 

~ general tendency to decrease in s1•e at t~~ baae of 

the eye • Division into two parts ~a in some Diptera~ 

&a rare. ~rimi ti vely and typlcal.ly eaoh rh.""bdor1erc -·- ( a.& 

fnr aa 1 t can be distinauished ) is--related to P c1ngle 

cell~:: · The exceptions to this Rr~ not tt.a nut1ero11a n.s 

in 6rusta~ea or aa co~licated. Th~ rh~buom iQ ~1 aya 

in conta~t with the cell and alwayn ~itbout pi , ent. 

'!h~ plntPs or striations , rc~e.rded as typic~tl by Hesse , 

b.a"te b ;en d~scribed 'by other e.uthora in sor:..e 

Lep1smnta , ohilidn. Hemiptera., Hymenoptera, Lepidoptera 

n~ ~iptera • They ar~ not an oo~~on or aa complicated 

as in cruetaoe& l'nd are charae ter1stically ~P· nent in 

superposition eyes • A direct continuity ot th 

neurofibrillae 1 th the rhabdom nlates has be~::1 el:umed 
6'1 [-lg,'i< 

in ieneral ,. Pnd by other authors in some Hym1UO}>t~~r?.., 

Ler' idoptern and. Ooleopter • Or~nacher. Watase, E:m~r. 

Jor~chke , ·lo..-ikoff 2nct nohatschke have re,.;ar~ed the 

rtwbclocs c e cuticular and ni tbout r131·· 'tion to the 

neur,,fi(:,.rillae • 'the rh~ tdom resembles othr,l" ch.\ t tn.ous 

struotu:r,~s in at:- ining ~n11 optical propertie~; 

and in reaistance to stnins , qhill? the; strie.ted !"'"';ttttrance 

is cor ... t on in developing chitin. TbP. nature of the l'ht:.b~atn 

is still a matter o ' sone doubt but it 1s probably 

to be regr..rded an A cuticular ntructure dio1;trlc n.nd 

skolettJl in function. 

• 



JJ!e .. -:1-..f~ ec;. .. ,. e ll.G..:.. 

~ .... _ : __ :1onted celle c-· the Tnsect eye t.l.. cf' 

thre e ty;>es, ·~!:~ ·o- callcd niristl 1.;ir;nent cells sur ... ~.:tmd.1:1L 

the e one, tln :~-:t1!lnl, sense cella and the accessory 

pi[~ t cells. ::.~1t" distal retinol .>iem~nt cells fcund :n 
t ' 

rone C::>'lmt ... cc· . nr not r epr esented in Insect e. ( Al t lll tl.' .. ~ 

thene ore sc.,.... "1 (I tf'l""!led "iris •t Pil?mcnt c~lls, in v lc't':' 

r)'f t~c. ir _:-of' i-f· · on i.·<'und the dioptric a paratus, the7 'b n 

n c r:'lc.r~llcloi ~ 1 l"'Cl ·. t ·on to the "Irie" Di er.-tent cellc .n 

T ns cts are r:: : :!..;<1 cr rnceeencun cell.c.. T}wsc n r- " l e 

ly i ;-. I:.:a~ct .~, :n Gruetaces ~ ~1 y l ie i~ JCdirtely 

r·e not .td[r :1ted. 

_, ; int •. d cut, .. ::: c _ . :J.l-1 ) this con .it ion ~)era1sts l .... 1-.y 

.\monL the r nt ·:: t11c Insects t h cells urc displa ed 

latt~rolly arc:::· ti1e c one snd r r c _ i t:Jented. The 

ccc~ ... ·renee, r.:~ .~' --~~ rorr.1 and po:Htion cf the c . lls oncl 

hr·c 'b en t. • ~lt i ;!1 in ccnn =Ct i.on i th th c corneAl 11~ · o-

Th •:· r · t inul cells are ty- · ic­

/all~T 
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l 1i L,tvc.ly rj t. f:::cnted and their st1 ... 1ct c 

iS t.i l t W: ::.. ' ~ '~lC!'- i 

I!.l- . -c. nntidial, cccr.:.aoryt ~Jigmcnt cello 

Cr•uf.. ~r cen t;~c : c c~lls Al'e pr1m1 t i Vely Pboent and ty· · tc .. l 

1 ~ t}"-e • . I . r {, "'Uetacea.\ • on y o. c . . -, • _,. · Althou~h t her•e 1e 

. ·recment ns to wheth~ r +.he cells l 1-.c rn 

eeto ·€rt.:."'l1 <.C r _ S"' .lc!'mnl oririn i n Cr·Jntaccr . they • r e 

ia evel .. m··nt 

. i.nu~lc~~ ( l.J 

~101-.tcd by ctl c­

cellc as QCtt l 

.~ao-df'rtn"'l J1.(" 1C~t ctri ' i~to the I!! ""O 

.1·.1tl•· r tc thP.t l r t -1' dc~cl~lbcd by 

• 390 ) in c'-:nocsn 
·ig'ln of tb 

.. : ·n ·-.~.·uettcea tht) n. b r· , ~;c.sitton, 

al•.::·nrJ!::!:. ~ent i 1,;. . - '.1 c.1' tbeEe ccilq is deteM1ned l;y 

ntic.inl s:.}flCCa t>nu this in turn 

de cr.<};.) en t :. c :;f' crowdi;:~ rf' tbe cr.mw t 16.1a.. .c 

grt~UP. c.r cell!. )::.., ~ tce'1. succeasi ve Gtn<ilAtidi e, seen in 

lonri.t:lu.inal , et; ·on, is rcue:hly triantulBr in sh ~pc v;ith 

the (Hmens icz ~ n · anglc~e depenoine ( n the \'egree of' 

~erlcse (1909 • · . (~7} 

/af':f'irr:ts 
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Q;"l :r.t iuifl, t:.c di..:'fic· 1 ·~ to count nn.d t c c ·• 

nuthoi.~r: mereJ.;:: ..... .:; c.~ .. ibe the number nG l~lrf!c ~nd VR!'l•',) c. 

i n:, tv • - ~dh 

, -··c.,,,., 
~ ........... w 4 , p • ..., .,. ..._ : 

r. , .. , 
... .,.,:.""'" 

t '.; . . h~: b ..,re. lt" . 

~··· -· .... . .., 

... ong 

This ic the cA:· e in J.fo.nt :i.e ---

/sane 
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.,", .,. l"o,rGcy c v· '1'1 1 ~ ....., ~ e·"'l) .. ,_ ..... .L .L U .\ u .S · .,.. \ ., ...~-,-.:. , .,..., ..J U .t 

o:• · J.u.J.r the 

:fibl'cs bclc 

i.rre[:ulol' r:tn ·,.: '\ot dispo~ed in t l:c f or m of co!leent x•ic . 
cir cle e "- h id: 1-" eoe;r.•ibed by Patten ( 1-:.sG, y. G66 ) af. 

,.. . 
( -

I ·· ~cu .; c r12ea occessory pigment cello ~·l.'C 

?his _r; -t: .c 

SUl"l't-'i.Lndi?:E t> r : ' .. :nel celle h ave b ... e i1 J es.cribed in trw 

tol lou in,:: c · ... · E : - In GdonPta ( ·;awarin, 1914 1 p . 18.5) . 

in !·:VherJerc,pt Ci..''". c: -eedham Trave r ana T2U ; 1935, :1p. 4:'/!~.:.:.; 

/·n 
f 1. -
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in m..,.,.,.., ,. Ten~ Ac J . ~·..,,., ( .. ;t ..,_l. 1' '"'f·f' . 19-r.) ·····p 24 >;;U>.J .u .~. .... ................ ~ _,....,,., ~ ..... ... , ""., 4;' • J 4J+), 

Add i ti cnnl r1cceu~ory ceJ.le L ·vc 

( -1 '.i ~.,;; .. • • "1:1 f >' i "" l ht )t . . . : b . 'h - 11 \ , _,._,, .. •• r?- .. L .:vmen.c.., E. J; .. l'l J.n • ·:.·J.~;;.ce y z::' .L . J. •. r: 

. ... .... 1) ... ..)~) . . ,.,. 
•• ·v 

tc-

,. i. ' .., l ( lr·, . 
.!.-.J - .J.. ~ ~ - "' ·· . and th.:·J'Cl' ( 1912 , 1. 377) f r.:.J. ::.r~ . 

of thcil"' 

:.Lchili<"u. eo ·. · ., "C iz-;. :na.ny Leptdoptet~o according to 

2~) 

t-: \t- rshall ( :.:. ':7 y p. 624~. The se cells tenii tc run i ;!tt.) 



d(?'c::ly tb:=m t:~ ~ ·f the rr·t·i..nt71 cells. The differ- nt-

( ... a -t.eccr 1.0e . L-.; . .. ···~--. ( 1"" ~6 .. ·..- _.: _, C n , ;:> • 

<...: :t nt•,, USU, lly i. t'.., r-.;t n-:;cleoli, 

aJ.t.h n..1.['.1 th . te 

r'-~1d (' ~":!' T, : .; . .)""!'f.:~r· <' E\P C.eecrib ed by ~TC~tkoff ( 1931~ 

Uc • .r1.~: -:·-:-r {1931, P• 3JJ) h~o ~· 1;11·l3ised t1~ .- t 

:t the ecl~ea ~ r- ·Lt:!'e thi r pa!'t us1.1. lly receives the r.toct 

l.i ·ht. 

~ rt~wpt re. ·a:" • :.lkA ( 1914 p. 1.5.3} -:tent tons the f're . ··cat 

/darl':J.y 
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i .... nte.::l ""l"1r' ••• • ··l·J.n p c.ne u v .... . v _-.. .. 

3~ 

Uchida {1934, P• 518) has deccr H:·cd 

a r.o c elabcrl'tc rr,.ngement 1.n the Longieorn forme 

.::'!J.c011<J9_e~hr.lu.;;. .. ~rn~lUtlt and !;!oft'tocc~_Y- ·>hus lineoaua wit! ~ fct.u• 

zc,nes ~f' ! i f!r ~ .. t -i f'ering in th(-!ir cclcur ~ nd r~tlc+i n:: 

t · i 1.1u.:l.infl-'-, i( "i.· l1treehner ( 182;B, p.l5.) ) 110 ints 01:t 

.. h t nonr t1:( JH 1 ... crn. spotted m• o:u .... ed r!yea e re e-:' . . o ., 

., . 
.~.. oun~ .... 

o r L'ent in one ,,ox ,_nlYt re>naL c 

unc-,.,:: '.!..Gined. 

It ·) c 1)c~n eu£gest d t:1 1 t the J ie-uent ::_r.. t:.c 

~ello c:r tht . C · t oyc 10 ucriVed f rc:-,l th~t ()f' tht 1.· · .. val 

ocelli . Job· :..:.. 0:1 co:ne.idered ( 1&1 2, P• 3531 thnt tl '-

.ter t l'aVellcd ~ ia leucccytee f'r<Y.:l i. i e 

ocelli tc the eOC'! .ound eye . ~irchoffcr (1910~ 

ccnoi ~cred n. t :·.-l-: ~irmt.mt grnnules of the. larval eye 

·1 ~ .•r- ted alone- the n r v :·; f'ibrrs tnto t!:e 

retin ~ l cell r: 

, ·:el ~ _ "!f;nt ! ., 

:;hcrLce into the rc Ja1n:tng pi~ented 

hPSht 11, ho f>V :r, in his ~tudy . 2~ t 1c 

.. 
L.~ 

( 1: 27,. p .. 6ll.: ~ v ~l t the larv.'ll ' ce1li ClC ""lOt ccntnir.. 

..:uf _,_'ic i nt l[; .; .v to au:> PlY t.·c cc .l_,cll!ld eye ar.J tl! t ~ .. .;~· 

remt\in .Cully i. 1 :nt ~~d .in the adt..lt, althou£)1 witnch\-- ·::: 

J-:'r:,.J t~1c sur.:i.'· en ~· the h~ad. He c cnc i dercd thr t 

1ed in the =c:·~atc cells of the 

:r-e::1~ ining ce . :.o. 
/ The 
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•· iL tnC" e!I':C in CrustRcea, more attenti<:.n 

h .c "'.Jeen pgid t · :: "'~c phenomenon a'£ pigment migrRt ion 

. ithln the£> c .1a, th£tn to tl1e1r structure • PieT'lent 

to be deternined ~-rtmnrily by the 

The ;.. i~.7lent asoumea the 

.i ht 

i ·1. QI)B ·• tt"':~t ..: , ':e - O£;e Irmts ( 193v, liP . 8:~-88). In 

c. r::n ;J .. ~I' d)..r. 1i :1t th. cr r ntiJitl !"C not conpltt~ly 

on t • : t il: i 1. ... &1: t loot in th _ )icr.,ent cell.a bt t 

·~:r tbe cone .tt_ v . .n .. atUB into ne1[''ll: n~::.·. 

W· t the maxi!nu.~ rti.n~ltlt ion 1s obt illell• 

C'llr"tati..:ia cc ._:. .. . ly t..C thr1t e£· cll re~elvea only the ,. ye 

cntr~ine pf'l·:" . -l~·D.(' rly tc ita c n lena . There ie a 

'irt h~, cl.rrit. · o vinion f't th!. ex.?cnee cf the loc cf 

the c,l>_. i(1ue 1 · · ·. t z•aya r:;becrbed by th'. Pit.. ent cell • 

( ] r-.-,1 \ 
_~,.,-...,. ·' ' 

r.r ~: ..:e. ernl n··ture 0.1. the pi un .... nt mov~ 1 nt in 

l~ . ,. { l'"" ... . l' .t .. I,.; ·1 :J~ 'f .th 

be. en ·;ork('t d out by :SxnE"r 

663) ~~nd Elt:•in[bar.J. (l)J3, 

_p .l2J- l24) i' 1)e n 1 (l::Jll, p.lGs;) o_t<t:eects that the . 2.£.''~ .. :t 

io mr lntn.tn~. C .:__. ~lle dar1~ posit :.c.n 'Jy n tcnuc !'ro:-1 tllc 

br in tv. r·ect ~ .J;] ... l cep, narcutico I' t.t:."C1.L illu.1in t ·.:.-:.. 

· '· JJ) cons idern tlH,.t thc.L~c is an in. 

/temperatUl c 



The col our of t he eyes v a:r• i es very c cnsit.. 

~ur 1 't, l ..,A1.. _;:'1 '""' .,..o...v\ c"Olours ... p _, Ll , ....... ~- - -.~~- .. .... "l·e cotrr.aonly fcund. ir... · ~1c 

r··tinn.l nnd ~ ··e s·.ry ~~ 1gment cells~ snd lenC. their cr·:, u: .. 

t c c he eye ·· o..; •• • 

T1l· i P ~~reeence :n. tbe ·' iris" I i £oent cell s is c cnfi:r 1 ~ c. 'by 

. • ,_ r. l"' { 1 0., • 
. hO. l · ""• --.--- • 3'~) 1n £:Pinej_1!..e~ ano. ricr1s but eve;:!. 1:1 

th~Ec ells d l~~-· .-l r:.::nts a re cc. · .'lc.ncr. 

The eolc.u r c ... · .: ~ eye may vary cvnsi der b ly du.r1nt: ti.e i .. c. 

~· u 01rl.ile r·_ -c ~"\Bfi • Thus Ludt ke )Ointe out t hat 1r. r ...... .J 

.~.I~i)t '--ra t{et c:: ,_.t..Cl"£' ( 1941, P .1 ct GO(l) it is succc.::..·:: 2. v'-ly 

yellc:, roseD - ~ a, c~l~inc . b r own nnd bl~ck durine C~\elc_~ •. 
ment . :lit :. ::1 

colour mut~h i ··z.~, eg . L~ P£_Qsopbili!_~elanoe· s~ e1~ - oee 

:JriC,··eo (1919 3 .?::!• 2G5 ~ 3 37) , "3esdl e (1937 , 'D. 120} 1 aim: 

( 19~~7 . !J· 47f) nd ·-:uJhrus oi (191+2, P• 4<1) . These s"'ti .. . !."'!!. 

h"'V€ describt t: .:1~ nC -er then twenty Bev en r:-,ut•'ltione V• l~y:t!"~~ 

.frc.m 1 i[l""t ~ r:-.. ·:-. ~ ... or nnr: _ red. 

V " I'i' ~:ions { : c .. ·-· :.!'le: a white eyed 'Jtl>oin) in d i mul1l"' . . ._ ___ • ( 

out th .. t at c . ~ :n the cr,:::e c.~· Iicbrcb£!!ft~!?:-J .. YP.J .anC.t;:: 

( .Jiptc-r..,) t}w .-:,- ~ : 2 {·f' ._l i guent .. tion c!' the eye Val~L~i; 

inv reel~ .. wi .i · :1~ t m;.....r'at ure c..i' .. evelopment. 
No ·f*e . 



Uo hor.-mcnal control d ... 

. ~ t ..... .... lln n nd thf' rr-ttn~.., l celJr.-: contJ.l i..n, 

.;r X'€ 1 t f t . 

lnfe ct.-, vh :.· ~ i.P-f:i.ll ed t i•£lc?1c ~ e n ;.' t:rnc'heal 

P ,'u t 0cer v ur D J. '~ ::.':>a • 

/and 
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£1.!ld •rtiwl1tr ... ~:'. :!e S'...l!Lf'~ctP. tllEdi these ow.natincs arc 

c11r omc; rcte 1 w. 

:.~etr llic sbce. 

• 
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~.;·.:..c re ·:..;rimittvcly diPtr l r nd not 

.:-clle re ty 

~.'} ~. r :t 1n!il : d c o r• c: f' r. encm: cell.... r-- r·(:' d<-1:;l t ,, 1 th • l~e·· 

i -· • -t ~e ,J"' .. ...:;.:._,_'"-~ .... ~ .. 

o.'l .: tl.lo ~Pc _ . . ,:nc:.nct th,-se )' ~ifJ~icult to C0l i~ .. t 

I.r: !... .. • ::; cases the indi vidLlcll celle extt. •. d 

.:Pri.mi t i vel:,r 

( a .,.n-:- thos€ ::: - ~ . in ~~ ich thf' ilF:lO<lf'l'"lml cells r~t i n 

t~l e 'rir.ritive cx i!:ion) th Pl~E" le l1 sin,rrle zone cf c£-llo 

Typically the ccne is Sllrrc.P.m.ec': 

/ by 
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by cc..rneagenc~.-. "liC.!lent cella wit:; tht acee.ooory celic 

In scrne c ases csnlle~ 

cells l ie u.·t • .,_ ~l: b "i sement me11bra"te and may penetrt tc 

this tc sul''l'l . :: ... :1c nc.rve fibrt s. 

T1 ,.. :? L1cly granular cytoplasm conta 1ns 

numercua var:- c'l.y -~1str1buted Pi D':lent l.ranules or 
" 

difl'erent size[ . The contents or the cells are ur.i~orQ 

thrcu[!hout. ~~c nuclei are not irregular as in so c 

C. rust aces bu. tJ . :1 r ical cr el t'i psoiclnl, -~enaely gronul. r~, 

nd Cect;>ly st ... 1:1. ·.!1e · t ... h a thin me,.1br o.ne and usuall.Y 

withtut nuc:co l· 

T! e .i _""tt-~nt ia £ener nlly denoe r t owardn tLe 

certtre cf t :H: ;:-:;, cincc tbic u.cu,,lly r r·c e i ves most 

In : · /: )1 pt er a and Grth c _:1terr it ia di ot 1~1 b-

uted in spct:~ c.:.• h" '"ldc oi' unkno~m ~hysir,lo •· icsl 

ci~niZicunee. 

·:.ut eyes is <kl·ive d - rc...1 thut vi.' the 

i.., net always t:H:: e .ce. here 

l)i[:-.~.cnt is fl · li in the c.;y e i tc e L' , 1 t ie .. eve loped 

.f' lt• .... (, i i1 t ht . J cells an..: 1 ~ r in the accesscl i/ 

ce.J..lS. 

Ttc ~:f<~S Ctre ccmmcnly brown, ~·m~;>le or• 

black, 1n ace.. .·<.~ · ·~ ... ' !() 1tb the \,.ensit;r oi' the pi>rrnent 
0 ... 

prcs'Ui.':'lably r ... 1 "t d to .:1r.lanin, which typically and 

p rimitively · c<.:~1..._)i s the: retinal anu :~ccessory cells. 

The iris cell~ e· ~ tines conta i n lighter materials, 
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yellowish-rtd c-~ ___ l" enish- b r o\m il'\ coloui• . 

is vevy V&l."j_ r:-lc, JVen in individual development '\'Yhc:·...: 

it nay ~ha!l£ t. :z~c.n yellow to black; in some forms 1 ts 

1nt(';no i ty is ~:r:.. ·- to vary lnv· rsely 1 t:1 the tempers.-

turc of d~vel::- e _t; In some cnt>es, r· s in 

D~Q!:!Q.r.'.btla, t11 1~-.:: several nutant V<'l'·i~~ions. 

Pif ~:"t 1i1~ration r s1·1te in nl-\(>Ositi<--n 

vtci(:n 1n bri :.t l i .. }lt onu superpcsi.tion vision 1:1 , ir:; 

l i c:ht .nc ic : '"'1 · :.Y in respcnGC' tc c..ond"!.tL-r& o:f 

i 1.lu-:t1nnt i.on c-·,. ay in .t.'nrt be ccv .. rn\.d by a nervour 

tonus o.~ an il':.l! :.'c h CiurnRl rhytb .. .1. Nc hormonal 

contl'ol (eud ; .: ~-CC'..i.rS in ttor.1e l~~uetacct..} is known. 

7.:c !~· 1.:nt of' tb _ ccet:B•. r;,r <.!ells is l i;) t 

. t L :n \ h ile tht:t '·J. tue retinal cells ,. 
t .;he photocber.xistry o1' vioion.. The 

trachene. 

c.::-u .. t::tcea arc ·::-'o·.-• .~. in several ordEN> but their chemV sl 

n :"ture iD vI',/ ·:l!'l:::e.L•tain. Toe crigin of tbe metallic 

aheen oi~ ac.. :e ;;·e:. ppeare to be 1.mkncwn-
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~asement membrane . 

a in OruetiCC~ a bnDement membr~ne (correspondine tc 

that at the baee c<' the hTfodermal cells o.f the body wall) 

is t~~ically anti lPLlit1vely present at the level at which t~le 

nerve i'ibrea bee n cont inuoua w1 th the ret inr l celle. It 1:. 

occasionally pool ly d ~veloped or prnctiea.lly absent as jJ1 tho 

o .... se in the eyer::, oi" Lepiemata (see p.;1~3 ) and those ct: the 

tMlle o: ..>!guliup. described by .V1ctrich (1909, p.4C.5). 

~a in Grunt ·Cf'a the ttlembr one is a atructurelesa ac-;-1et-

1on of' the 1nne1 ... i.l.dO or the l ayer of' hypodermal eelw :C1\or.1 

whioh the eye iu ~.·~..:vcloped. Patten's suggestion (188G, .J • Ll4-7) 

that the mc~1br·t· 1c in. !naecte and Oruatacen i s made u;.t of a.'Yl. 

intricate web oi' c nneetive t1aau !'ibree 1a not suppo!•ted 

elsewhere. 

The retih~l cells of a single Otnmntidium are continu.­

OtlS thPough the: f'cn(Jl trotione or the membrane with the nc-1·ve 

libreB or one nc .. ·vc .:.~ibre btmdle. Lowne (.1875 1 p.517., 1L90, 

_a L!.OG) :~ma unab .-c to trace this eontinui ty and he there!' ore 

cons1d\;rod all nt1•uctures above tl1e t1t<~ntbra.ne ne merel y di p­

tric - the... ''Diq -:;:•on··- nd all below ·a acnsory - the •1 cu1• '11'1 
• 

. t the .f;ir.1e wbe_, c/ne 'e viewa td·e being p·nt i'crvt:1X"d.1 the 

relat i vn bet weer. ··-- rst in.a.l cells o.nd nerve f'ibres war r-. 

eubject of Ve.i.'~- aor~ti'cvere ial ccl'l'Oili:H.>ndencc in 't:t\aturc' -

\ lf8..l, pp. 341 ,1· ~.-::- j • 

/The 



".t'"be ai';_UL:!.C:l!t .:zw settlea in f AVOUI' 0~ Lowne t S oppCZl(.~ltS, 

and the contint.:..t~ : the retinal cella an'li nerve f'ibrt·r; 1u 

now universally t""u:;.tted • 

. ...,~1oll p :tc ~~.- 1.., oo lls lying on either side or the ba -

ment membrane All.<l along tbe cou:rse of' the nerve f'1bx-es arc ~'f 

very coe1mon occTu"rcnce accordine to l~ow-lkof:r (~931,pp.39, !~6) 

and 1\!ltrinehem (l9331p .. ~?7)• A·eocond "bn.eement membrune•t 

hae been describ d by 3edau (1911) and Kuhn {1926, p.J~9) L~ 

ome Hemi ptera, 1)y at (1920) in !':a:melion nmcng the 1-.europtere.. 

'imone Lepidopte_.,n t· ir has been described by Hesc.e (1901) in 

~phipx and ... 'lJ?,£i~, by ll/ OW1koft" (193l,p.l~5) in severo.l S~"};>el~­

position eyes, r~ <1 iJy Umbach (193~ ,p.SGl) in !<;phestia lu!lm­

J:el*f}. .There t11e1--e v.Penl' to be two mu nb1•anes, one io in t 1te 

norne.l positi<r jld one slie:htly nbove this. ':1.~be a.~.>Pe .:t .. ·c.lce 

of un ~ddi t icnaJ. Ibl~':me'' is due to the abrupt ondi:r.tF or tbe 

pi[!r.lent colla ol1 o.~ one level .. Nowi:o.rt (19316p.45) cm .. hne-
1'0 

ises "CJla.t,.. 'ttO.L•p 1·c · lc 1 membrane 1D )rea()nt in these ct.ccn. 

/Liiecell~neous 
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• iscellpneous e~z.; ctureG qesoc1gtcd 1tb th£ compounq 

o;ye in Insecta. 

Tr chene· 

Primitively and typic lly the retinulae of the Insect 

ey are supplied ith fine tracheal branch~a . These are ~cent 

only ere the yeo rc Tery.emall . Their typical occurrence 

h s b en potnted otm and referenceo to their presence haY<! 

been given by I o\1!!.e ( 1890, p • 411), ·i.:Ar1er ( 1891) , rrceae ( 1901) , 

Eltr1r1f!llatn (191~.!"'•7 1933,p.22) and .t;owikoff ( 193l,pp.'""· ,.:>G, 

47,48). -::J.tr1nr: b r.; })ointed out that i n Lepidoptera o ch ln~~"'lch 

on penetrating t. e b ement me'llbrano enlarged t o form n 

cylindr1co-conicnl structure. lying between the end o~ the 

rhabdom and the b ·ement mcm ranc- ith the 'alla t .·1ck(>ned 

by u o iral ch.Lt~­

di tributer i£ 

four primr::ry cl1 

tbr nu. Tlll.. oo-called tr c1; 

internally by n Cl·Uci:t'or·m eepl;u i ntc 

ach or bicb ;.a eventual ly r:u'l.J . ivl .cu 
to f'o ... m in all e · .1t co partmento, :rro.'l hich eight e .. nl:. 

trncheae arise "· _ oas f"orwRrd nncl 3u_.ply the SPme nunh r of 

retinal cella. lko~r (1931, PP• 3G, 31, )~) describcl 

similar arrange- !..t o1' ''tre.cheenblacen:' ( c, rrespondini- to 

the tt"ucheal di i:.'· )utcrs of };!tr1r~1 n) find tracheae iT\ 

He points out th!i t the fine t!~ <r~e e 

o£ the ye run u en t11c 1nncr E.'nds cf the rc:t in. 1 c lls, 

/cour ... · 
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c\:.urnc _'cr sor.r~c L 
1 .·:tunec along tl.: ~- ' tiru l cells, lO.<:'i::-.c 

the i r q:li.ral t1 i Le-.1L1~ fl S they ~..:ccrcace 1n diwnetre. 

The air . · · ~.l ..:.: ti. .. f· Cheae in nccturn.al insects, cc .. ec-

i'cl :,1 t~.p --:tal n ··'-ttl: •·Ure, retleetine the light back j.ntc t11e 

h- tt~ .eolls. ::n r:1Hl1Y large eyes tilt tJ•ncheE\e arc nl rc 

brob~,,~j.f .-1{~let J. in f'u.YJ.ction rs in Cdonatn ECCOl'dinl tc 

a tb(' t r schet.'le nre oi' very 1 i . tle 

1 n · .. 1• st in co ~ ·tivc anatomy cf tha cyeG o~ Arthro~.c 

an El bole. de t led conRiderat i e-n o:r t11<h''1 is omitted. 

~±-11-PJ:n.'.l:!!ee. 

Tbe lyt ~: :tt • 1uar.:e in nnd 1 bout th .. ey .. are decu:·1bt•d 

th :.:G h .vc. ntt:.. .. t0d li t. tlc ott:cntlon.. f.\. ... til~il' arr:J.n:. iCLt 

~ppcf·:c~ to b . ( t :, r 1lned by "th c:1 uha!;)e c; til~ individual vyc, 

th~ir fo ... o iu L .. ,, .... little int rel.t. 

:::'.££1ll.!Oj.n£_p~_qJ1: n . 

The 1 .. sence o.r !\.;cues .lnr m.ecbaniat:1 ~ :.tn .l n 

the lnt...cct eyo :.: "': :· .n b\!en t· mat ... c1• cf ~:;;ooe dc.ubt. , .. o1 

(l~ltJ+; i>P• 228, ;::.hJ in hie histor-y cr CO<.lPR1'ntiV"e HllrtO\;~-, 

mentions am~ (:._ tlC a. 1Y speculat lcno on the a ub ject. !i:c 

points out th~ t . .... <Jupposcd thE t the 1~illin.g and en:ptyin_r: 

. •·v· .... J to 1 ocue the eye by 1 1 te1 .. 1ne it-

xterna l convexi v~ a i.ubboc.lt ( 1DB9 • P• 1G9) point cd :.ut t!H t 

cy d i[ ( 1£57~ con: t c~~ed thHt there- w rc &'l'luscle "fibres 
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rc&'Ulatc the ct::.~.. ·~~mce bet· een the t \!O. V1£lcr (l9c.4, 

_lh 775-7T1) cla i~:Jd to huve seen in the cyea of 1...d01-~'t!. 

stri=tted muac_.f. _, :.. '~en running in c-cnn.ection with th 

crow ~:. t iditt. He c .. ~ : eri.~d that the 1r con tr&ct ion led tv : 

en tb .... · w llo ci' ·· - t .t•p,cheae ccmpt·~ seed the cone ond led t _ 

it::J clon:tation. I l em {193;1., p . 94) comrn~.ntcd on thi 

"isolatedtt ob~ 1•v t 1on, and called notice to tbe rnntter 

de~erv1ng furtl ~. ttention. Rltri~~hn~ (1933, P• 45), 

llowovl..r, llo·tnt, u ... tlH t n toeuts1nt m~ch· nier.t in aucb 

n .ye wo~ ... ld l>c: f .10 re·al use 1 ln1 clarity of vision 

·:!)e nd1rlf." net f"t. .u · .. on the correct ~"cur- ns on the ntu .'b r 

!ntru.sl\"c ~ :· .n:~licn cella, r.;uch as ru:- .:'ound 1n c~ 

crustnce rbovt .. : , b '1sement m~mb:: ~, .lc net occu.r in 

o:: ..,ome Isopo~.-.r;, re nba<!nt in In ... ect 



DIAG-RAMS lLLUSIRATING IHE PRIMrTIV£ FORM OF" TtfE L/'I.TERAL COMPOUND 

EYES IN INsECTS . 

L.S.Corneal lense.s 

++1,.,11----Con~ Apparatus ._;th ---!~+1~ 
~s upp~r SurFace 
ad.,pt .. d to f;t th~ 
hypoderm cells . 

T rqcheal d,'strobulor 
betwe<>n th<: 
Ret.:..al coolls 

ur~----· ........ (3q Sem&nt .ne..,bror>"-·-- _. 

N"'"" f;brc.. ------- -\. 

"f\.ATe 9. 



PLATi: 10 • 

.DIA<rRAM S ILLUSTRATING litE PRIMITivE: FORM OF "THE. 

LATERAL. CoMPOuNP EY£:5 OF IN s.~:c-rs. _ coN TD. 

T . S . Corneal lens 

- '!':,. ·.-

~;I . ~ 
I· 

j t 

\: 
~. ;> 

_._ 

I . 5 . Corneal Hypoderm. 

1'. S. Cone ApporQtus 
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~1..-gp,iol}! - .;.!",Pee ts . 

l· £££~ill:-~. ~.: :,1_y~e · 

True, l r~terr.l, co-;.)ound eyes are ty~>1Cslly nnd primit 1v~lY 

nresent with t :)0i absence or reduc t t en s. cond~ry. 

They €'l'e nlmc·-t 1l'''li vc r s ally prc:ee nt in ad.ul t s. , nympbc 

.,. 'l.l: ~upae, 'but ·1~c cnly cccaeionnlly dif£ercntiated 

in ~.Iw J.~rvoe . 'J!he eye may be ~educed to a sinele 

e ·,, tid1u:n (. • 1-..~:rth·, e 'l And Ancpl eura) oP even deeener ~tc 

a .· ... 1 .. t h: t it ·.e represented oy o1n.::l e ocellus 

( .phr.ni.:ptern) . 

Campodeidoe, ~~ :.> iui dae a nd .Jyri t.-ntoru:; ta io presumabl ;,.· 

c cc.nd·..try - {n cc 1 ... ound (ye b e i n_.,:- ... 11 cieveloped. and 

~ie l l . e . tnbl i.. .. : ( . in. -·el uted .t\ptc..ry"".ct a ;. d poradic 

bl i ndGe::.; a an.;. c d.:.: cion in other cr dc:·e is net uncc .. iO!l · 

:L'he l.•. rvr e Pj.- •Y.l.:~ lly provi ed wi th l r:. teral ocelli . 

The c:e do not (c. . ·1" in the youll! of o:bhcr ~.rthropode nc 

functional 9r€ .. ~ ! -" <jrc of tbe COOh iOUtld eye ... 

l·'or c o--.. ~1 · • t i ve r urpose s fln attempt has b een 

mal1e to ind i c tc th .. !)rimi tive a nd tyr1ica l condit i orw 

~nd the r o.nce ·f vnr i ntion of e r.ch pnrt or the eye. 

?h ia i S sur-J :r, 1 · -ts~d f'or eaeh sect; en f or compa x•ison 

rith n i milar T -'L 1 appt'>nded t c t he sections dealin~ 

» ith t he co.1·N .. :)o 1 "in[ s tructm•es i n ct bcr compound 

/eyes -
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Conditions in 

Ins t:.. et and ,. ~ t.::- ~ 1ccnn eyes dif:f( r in t lle following 

nuin r e epeetr -: -

( 1 } The cor11c· 1 !lypo~erm cells in Insecta, while 

primit i vely r cr;c.. .bl ill!1 those in Cr •1stacea , ar~ typi c lly 

l i sr>l r ced are i, :lE:nt c d to f'orm • f iris u pig:nent cells 

aurrounui nc 't.t · !' .,..ne ;. 

(ii) The co11.<r ··.n 1na ets , whi.le p r i mitiv, ly cr the 

e ucc. nc C1~1.l! t t:» :c 1 .• ype, a nd v. 1•y co ."\cnl y r e taining 

thi =..: r om , \J r c oo.uc times modified t o e ive rice to the 

L nou<:aocon€) aC '- ~ -~ .1 cxoccne condi1. ion; 

{iii) The r t: t i n . : c ells in Insecta nev er· exceed t we l ve 

i n nu..1bcr aa ·L: ... ;i c.:o in some CrrP tacea; the four an6. 

.L" l vc celle d l t :!t. ul ae not uncon-4.10n i n lower Crusta.cc 

Al .. e very rart ln IJ:.:cct t . while the t to And three celled 

types, cec aL i G: . <:ly f ound in Cruet a ccn, ~re not knc :-,. 

in Insect' ; (~ : ,_'1;; ~ells appeRr to huve been the pri :'li t -

l ve condi tim: _ ...;1' !nlacostracn nn d p1•obably :fot~ the 

whole of the ; .j_ .... ·~ t,,tccs.); 

(iv) The doubl 1 ycred condition o~ the r etlnula in 

Co e mboln r..:r~ ~ .crn smnta And the presence of central 

cells i n SC! ·c ~ t tnul oe, nre .fcntur es not i'ound in 

(v) The su~-er?c : t ton ~cl1e c f v is i on , arsoci qted with 

... ..( 1·monent r n ... .'i.e· tion of' the 1"'€: i n A.l cells in I nnc:c. ~ t 

i s Bccorn:;lis~hcd _ n Gl'•uetacen b ~ te "Ipornry mi g r nt ion 

or t be :;1gmu.t; 

/(vi) 
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(vi) The dist t:"2, l'.Jtinal pigment cells in some Orustecen 

have no morpholo~ical equivalent in Insecta; 

(vii} The rhaL 0.:1 structures nre not os com~1cnly or no 

( le~rly s triqtrG 10 1n Crustacea; 

(viii) Thf! tr c- jOf\e and tre.eheRl diatributors,whieh nay 

f' ol"m a tapetun in the Insect eye, are absent in the 

ty1ical Cruet: cc 1 eye where the-y r11ay be fUnct i onally 

.... c _1 ced by :-. cJ-:'lector p igment at the b !'Se (,f the e;"c: 

( ix) ~ n the t:' ~ J.1. the eyca of Insects reoer.tble tbooe ci.' 

ltnlacc,straca r ' :..· thnn thorH. ot: t he .t.OWf P Crustacea , 

in the struct\;l'C vf' thetr cones 'lfld r t inal eell.St 

tY.' i tnl abstru ; c:: 't stalk n.nd o1" 11stal, r e tinal 

.~ic ,, .it cellt.. ( · ~l :1ich respectc tb-.;y appl"'oach the 

con<-1itiona f, l'~~<.A. :n l ower Crustneen). In spite or 
the ,:i fferenc·c-- 1Lt~men. the eyes of Insects and those 

of' CPustacet, t ::cy ., i':;>ea.r to be relr.ti vely closely 

rela ted, when ,_ _.·1) P· .. d with the widely divr.n•gent lateral 

~~f!1.i.~Q.lli. 

The eyer: :~.t~c bull t on fl col'1'lmon basic pltm, V•:' l'Y 

ei~ilnr in e.renti 1le to thPt in Crustacea. ·sin 

in e ·1ch c.r tJ r'ev .r•a l purts c.f' tbe eye slJow a ~·elPt 1ve­

ly nnrrow r Pt-rc .·~ v nr i ation. The cnly sienific'lnt 

departure r1~( !... ~:.~ ln comncn basic plan i e f· und in the. ... e 

I eases 
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CMJ€ ' ln. wh i r: .:)c l~tinnl cella ru~o uisposed 1n two 

lay~. l 'D or ab ..,_ t. ( central cell. 

o:r the eye n i·~ s tmila~1ty to th~t in Crustacea nr-d 

in the absence ~-.r nny clear indication of the evolut icn 

o:r the CC.tl.[.>Ot~r. yo· 1th1.n the liraits of these two 

c11·,e. es, it cc o ..,•obr.ble tbr.t th ... true compound eyec 

i n the e t'orr·t. · ··, c inl1eri ted .Lro-1 a. di .st nnt co:, 1on 

!.oro.f f'a assumption ( I9I~~ , P -482 ) 

o.r the conv .. :[.-·', t~?Volution of :be Cv<l;)ound eyes 1n 

I n.cecto nnd ' r ~ t ~" C ~ seems unnece. O"lry. 

5f< Y:r_t.t.!J:Pn .5·;· __ t' J.~~_!!.l_!:e~a~.!.911.1.9. . .....!2hY.1os enY..:. 

The v q: ,;_,. J ~ ~ ; _ in t'he eye atructu1·e in difi'crclt 

.Jt.n.P lit.:. tle .relr tlon tc their 

):1ylo~ .:netic _. si ..,ion except in the case o~ the restri ct-

ion of the dG, ·, e l yered retinula to SOC'Ie of the 

A.)te~rc:ctn an~.. ... · ,, or the lowest of the i•terygota • 

• tthin the I ..... rc:ct,J the eye a;>pe'lrs t o htlve undergone 

r'e l •.Jt i vely 1 i.,...;tlc odifl~at ton , ~xeept in l"eSl1eCt cf f·he 

cone, , bex•· U1~ ·_ cc·.:rrence o:f the d i ffer· nt forms benl~c 

nr. r lrit'i cn tc ·:1::' _.hyloeenetic pcoit i on of the orderc 

in ub' ch they · ,_: fcund . 

6. Dee·ener!!t.i~~~ .. 1').. .. _~1-ll.~e. 

I n r..el .. eru._ the moue of: dec encrat ic.n in the eye 
/ is 
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Whei•e 

tbe unlts se_ • .. t e i.n aee:ener ate r:~yes oi: reduced 

dimensions, t l l ~r ~cnerally remain Ot1'let1dial except 

'?here t· .€ cer-e: ( . .>· -::: . on hRs been ct..rrit:d so :far as to ,. 

Thelf.- i l _:;tl e indicuticn in tb<" ontogeny cr 

, :'lntGPlY of t1' f" " ::: yr-.s of t.h .ir :tor n~t ion :rrom a sint1e 

~ rcup of ocelli. It seems,ha cv ~1 

eh ::..' .• ld '\1e Cf,.. ~ ·- ,.:. od separately. It 1s just possible 

tn ::::.t they rc:~:."~ .: t the retention of" ~ primitive 

con·:11ti.cn (n( t .en 1n the eyes of' ::;rust!\Ce£i or in t11e 

rest of' the r :·c eta except perhf.I~S in sc~c Insect 

l ervac - see C!' 1 .. ,1dix - and in Pcri2la~) in wb ich 

the eye would f!~P ~ r to have b een :for-ned :from a nU!"lbcr­

~f units witl: r nc .. c'That crowded s t of retinal cells. 

( \nalo£ous ev::.1 J. aono appe~r t o exist in the eyes o.f 

v ry ucu'btf'uJ ~ ..,_ 1, on the wiK 1., 1 t o.ee-ns :1robable 

eo ti1ey bf\ve ~ 1·· .OU,Ja b ly been J;"e-f'Ol"':"led from a dc£ener-

t\tf!Ae COfrlpOUIH.'l "'YC rudiment - tbe eye haVing been 

/!"educed 
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I-educed or loot 11 some oi: the early Insecta ( as in the 

Puu1·opodn an.. t·1e . jori ty of the ~y .. lphylu). 

It a :-t. r obnble> thnt th• true
1
compcund 1 lat t: ral 

eyes l n Ins· et ll "' Ve bf'en dex•i ved directly r' l'om a 

Cl'uatncenn c~· ... - ,Jr-u.stacean type '11th n t.ll develo. cil 

co:n:pound eye. Theoe eyes a.l-€ developed on a co:r: n 

-·' ii.ch there are ! ' ( 1 t" ively f:ew dep" o~. ttl!' v :.::'. 



"DIAG-RAMS ILLUSIRATIN~ TH!;: RE:LAiiVE POSITION OF THE 

CORNEAL HYPO.DERM CELLS IN A TYPICAL INSECT OMMATIDIUM~ 
IN TH E YouNG AND IN TliE ADULT. 

____ .. 

1+-----7. 

Con cl:t.~n ;n the. 

'1'oun&· 

Concl:t.on ;.., th,. 
Adult. 

KEY. 
I. C orne<Ol lens . _ . 
2a. Corneq l Hypoderm -l"'ot p/2rne.nt~d, R~ma·,,1, :.,£ "" pr.,., ,t/ve. po~,[,'on 
:>b.Cornecol Hypod.,rrn _ converted ;nto"Iris" P.'S?ment cells . 
a. Con~ e~pp.,rat. ... s . 
It· l.Jpper accessory P;,2m~>nl cells . 
5. Ret:nal cells . 
(. R.h abdom . 
7. Lovver occe. ssory p;gment cell". 
5. Trqcheal d•'str;bulor 
"1. 13aseme,.t m e mbr.,ne . 
10. Accessory p;_grnent cells QSSOc•'ated vv;th the basement 

membrcone and nerve fibre. . 



DJI'\C".RAMS ILLUSIRATING AN APPROY. IMAIION IO A JYPIC,A.L (ONOITIOt-1 

IN THE LATERAL CoMPouND E'<ES OF INsECTA. 

lRAN SVERSE SECTIONS 

(No one c.<>n d ;t ,;, ro of the 
as o vvhole - Some ot 

T . S . Carneal L<lns 

T S. Cone Apporotur, and Cornea l 

Hyp oderm 

ceJI.s . 

Rhabdom con be selected as typ,"caf of fnseds 
the Commone ,.t typeS Q re shown .) 

I. 5 . Ret; naf c.ells Rhabdo,., and 



PLFITS: 13. 

L""IER.A.L ConPouNo Ev(;: wHoco-t occuR IN INsEc.-rs . OUT NOT 11-1 CRusTACEA . 

"TRANSVERSE SECTIONS 

T. S . Cornea l L ens<>s . 

T. 5 . C otr,.<Qf Hypoderm C .. Us 

{I:n vnd,"splaced Cond;t:o..,) 

l, !..,,~-+ t, s~dll Cells 

T . S .Ret.;..al Ce lls Sho"".'"2 varo~t;on in rJurnbe.r. 

(Rhabdo..., un• ro•m ly r~p•es•..,teol e"cept ,-, lost sect.;,.) 

lropoe.xo~dql F'or,.,. Hexqsonql ~o,..m . Star-shop~d l'"orrn . 

T.S Ret o;..al Cells sho-;ng vQroat,;,n• In the Rhabdom ond 
QUOCooted ~ondotoon.- Of the c.-lfs . 
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DIAC:.RAMS IUUSTRI<'TII"(i lHOSE V~<RIA"TIONS IN THE ':>TRIJ(iURE OF THE 

LAiERAL CoMPOUND EyE I WHIC~ OCCUR ,IN BOTH NSECTS AND (RIJSoACEA. 

"rRANSVERSE SECTIONS • 

Circular 

I. S. Cone App<ltatus 

~ 
~C,lls 
~ 
~Cells 

~ 
7Cells 

:-- 6; · - -- ~- .... - ........ _______ , . : 

. 
: ' . 
' ~ - --··.-.- ·- ---- -· ____ J 

Unfocetted. 

~ 
~Cells 

e.~·!~·.:.:.y 
0;.::,;-"<:,~. 

1~ f:hq Rhabdom 
0 

£orodob;,s 

Hollow- fob<d 

and Asso~;"t .. d i]• • 
of th• Cells , •• : 

Sol;d - 'ob.a.d • 0 

Rhol>do"'i 8'C<tlls . Rf.ob do"' + !I C• lls 



PLA"IE IS. 

ILLUS'TII.A'TIN<:r 'THE CoNMON£ s-r VAR.'""''ONs IN 'TH!i: STRVc.TU~E OF 

'THE L"TERAL CoMPOUND EvE IN INsiOc-rs 

E.,ocone. Cond;t,~, qasoc.7o'te.d 
with rc.d"'c•d Conrt calls 

c] 

loNC.I"TVDIN"'L Sro:c-roor<s 

CJ 
r J 
Ep;cut:clct. . ,&tends dc.wl'1 
;., p;9""•"tecl or ntfr'Qct;ve. 
sho.ath. ···-====---· 

L . S. Cone .Apparat"s . 

Ac:onc co.,cf.tlon _ 
c-ell~ dear w'1ll,o"t 
Con~ !t•crttion 

Reto~al <til> ahd RhabdoM 
e 'lttendlfl9 f""Owl"'d the. C.Ont. 
for a shGrt distonc~ 

Pst~o~do c.on• Cond~t.O, 
- Flu;CI s-.cr-.t,c,,. and 

poste.,.iGr nuclei. 

Cone s~entt 
Sc.porot• and 
u~f l•i.h.nc.d. 

Eilo~s.;dal 
Con~ -'ppa Nt~s 

0 0 

Cont. Appa rotus e,.t~nd;"9 
bt.t'-'t•n \he rvt;ncd c•lls 
01"'1d rhabdom for a .,hor't 
dhtQnc.._ 

5,;,9\e Basal Ct\1 not 
pQr tic; llob'ng ln. 
f\.habdoM for,..,al••". 



p'-"-r£ ~~. 

D oA •"""' ""' """ • ""' ConMO" < >T VA<'"'""' •• '"' "''""T"" o• -.~r; l,_, E""'- Coi1POUI'II> £"t£S oW ItHEC"TS C:OH'Tl> ;-

IHE RE'TI~"'- """o R11"Bt>O!'\ S;p.ucruR£5 

Lo~«oTuPII'I"'- Scc:i•O"' S • 

A Centro\ pr .,.,;., .. 1 
ba•al coli . 

(T) Pecwl;,., rofroct;~ .. 
body a\ d;stol ...,d 
of abDre..,~otad 
rho!> do,.. (~"'PY0 

bosa\ port sepor•k•-' 
f're»,.,. con-. by \onq 
c:t .. c&r port' e~t ceU• . 
Piqn"tnt very Spor51t. 

R.t;,.a, C•ll• ,,.. 
t....,o rovv• IU 

~ 

No"TE.: -co\cn.lr• 
hQVe. th-. 5QI"J'te 

S•9tu.f• 'cane-e. 
G\, in 
p r•vt"ow to 
PlcalU • 

Rhal>do"' al>br•v;atod • 
s.; .. il .. c oli baooll)' dos ploud 
(o\so o•tOC: ;ot.d with olh•f" 
c:;o~ioto,;M of th• roto;,ol calls) 

'Doul> \. la>--r•d ol'rCl"'l"'"""t of 
the. R.c:t ;ftol c.• \I•, t.h-. .. ,per 
\oy•r s:.,rro~"'.a,·,.C) \.h-. cone. 

(Coll•'""'olo, Lopi•"'"ta) 


	GLAHOLM J-MSc-T75a
	GLAHOLM J-MSc-T75b
	GLAHOLM J-MSc-T75c

