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THE EYF. OF LIUNP AB PFRT'.GRA 

I. Introduction

Tho preoont paper embodios tho rooulto of 

invootigation roco.rdi� tho histology of tho oyo 

of' tho 11olluoc, Limnoo.o por0gro., with special 

attention civon to tho viouo.l cello or rotinulae. 

Thie ::milllo.1 appevra most o.bundD.nt durinc; tho cold 

montho of tho yoo.r in tho protected plaoea of 

runninr, water. During the oc& lo.yinz season and 

probably tho followinB Uart'.l montho it tukos to 

moro oocluoiva places, makinz it more difficult 

to find. Thio study is comparo.blo, in so far ao 

it coos, with tho hiotolo�y of tho olom�nto of 

tho oyo ao pointod out by Kepnor and Taliaf'orro 

(116) 1n thoi� otudy of Prorhynchue applo.nutuo,

of Polycystio go0ttoi by Kepnor and Lauronco 

(118), or of Plo.nar1o. maculata ao mainto.inod

by Taliaferro ('20). 

II. Histology of' tho oyo of' Limnoo.e porczra

In Li::lnoo.o poror,ra the oyo appeara o.o two 

small and yot conspicuous black opote at tho 
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innor baso of tho stocky, broad, a..�d brorm 

tontaclos that protruao nntorio-latorally, honoo 

mo.king it o. mombor of tho oub-ordor Be.aowmatophora. 

Tho pooitions occupied by tho oyoo with roopoct 

to tho cephalic ganelion io Ill.moot diroctly over 

tho anterior lc.toro.l bordor of tho lo.ttor. Tho 

dark pic;montod c.roae is mo.do up of tho pie,nont 

oupo and tho lonoos uithin tho cupo looo.tod 

about midway with roopoct to all dirootions or 

all:lost centrally diepoood. It 1o to bo further 

noticed that tho mouth of tho pigment cup is not 

dorsally dirocto<l but lw.o a alight a.ntorior and 

lateral slo.nt. A layor of pii,nont or occoosory 

cells (Fi1o• 1, AC) conatitutoo, for tho most 

part, ito formation. In tho ooxio figure, (Fig. 

1, P-G), it io soon that tho pir,nont of tho eo 

oo.lled pis;mont cup io ropresontod a.ncl conaieto 

of granules thnt densely croud tho area surround

inr; the outor ourfaco of tho aocooaory cells. 

Thio concontrotion of Pio:iiont granulos is easily 

rooognizod after partial dopir;oontation. The 

pigment oup has approximately at ito contor a 

lens (Fig. 1, L) having a dinmotor ro.ngin& 
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fi>oo ono half' to two thirds that of tho cup at 

tho placo it ia looatod. 

Hosoo ( 197) in his i70rk with tho oyo o:f' 

'l'urbellaria showed that tuo ooto of oollo entor 

into i te formation. Thoso t,,o soto o? olomento 

aro tho PiGlllent colla and tho vioual cells. Tho 

P1£;Pent olomonta aro coluonar oolla, tho cyto

plaao o:f' TThich is deneoly crowdod with p1e,-nont. 

Tho Pil!i'Oont oello may b3 conoidored to be tho 

aocoosory cello o:f' tho eyo. Thoy lio at right 

a.nglos to tho auri'ace of tho lens and form, 

for tho moat part, tho body o? tho pi�ont 

cup's uall. 

Enterine; thin \'10.ll o.lao aro tho diotal 

ends of tho vioual collo. It ie with theoo 

visual colle or the rotinulo.o that thin papor 

io ohiofly ooncornod. Until tho "70rk dono on 

tho rotinulao of tho rhn.bd.ocoolos in tho loot 

ton yoare at the Univoroity of Virginia, tho 

rotinulao o:f' invortobratos wero not kno'1111 to 

prooont e.ny striking similarity to tho rotinulo.o 

of' vortobratoe. Our study he.a, thoroforo, been 

concontro.tod upon tho number, distribution, £'.nd 

position of thoso rotinulao in this invortobrato, 

Lilllnoao porogre. 





It io :from tho outor side of tho piamnnt 

cup that tho rotinulo.o or visual collo 1n thia 

oyo issue forth 'ooing o.pproximo.toly porpondioular 

to tho pifjllont cup's surfaoo. Tho rotinulao aro 

moot numerouo at tho doopost part of the Pi@ont 

cup and probably more so on its caudal surface 

as compared to its cophalio region. It ia 

impoonible to asoortain tho nl.lLlbor of retinulao 

for a si11Gle eyo but an approxiLlation of it is 

near throo hundred. 

Tho relative dintribution of retinulac TTith 

rof'eronoo to oortain projoctod axes of tho oyo 

is of special interest. Since the pigment cup 

io diroctod both antoriorally and at a olcnt 

dorsally, thore a.ro two possible o.xoo of li�)lt 

moat usod. The rays of li�)1t ontorine f'rom en 

c.ntorior obliquo angle and those ontorinz f'rom 

an anterior horizontal pla.no probably concern 

Limnoao perocra moot in discerning whatever 

may boa.head e.nd o.bovo. Tho ro.yo c02J1inc from 

an anterior oblique anGlo fall directly upon 

the bottom of tho pie,nont cup whilo the rayo 

ooming f'rom an anterior horizontal plano �all 
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on tho oaudal surfaco o� tho cup. Sinco thio 

covoro moot of tho fiold aocoasiblo to tho oyo 

it may bo doduood that thoroin lioo tho reason 

for tho rotinulao boinr, moat numoroua in tho 

ro�iona 1nd1ontod above, vi�., at tho poatorior 

ventral and caudal po.rto of the pigment cup. 

Tho pooition of rotinulao with roforonco 

to tho lir;ht rays ontorin& tho oyo in Limnoao 

por�gra ata.ndo in sharp contrast with tho ro

letiono oxiating betwoon tho liv,ht rayo ontor

ina llho oyos of tho frog, Polycyat1s goottoi, 

or Prorhynohuo o.pplanatuo end thoir roopcotivo 

rotinulao. For in this caoo tho liz}'lt ray fallo 

firat upon tho diotel ond of tbo visual coll, 

uhoroaa in tho fror,, Polyoyotio coettoi, ru.d 

Prorhynchua applenatuo the lizht ray otrikoo 

tho proxitlnl ond firot and must paoo through 

tho ontiro oxtont of thooo cells to play u�on 

thoir diotal onds. In short, in t..�io eyo wo 

ho.vo o. visual oell of tho eroot typoJ \7hcrons 

in the oyos o� tho :frog, Polycystis co�ttei, 

and Prorhynchuo o.pplan[tuo wo havo invortod 

typos o.o shown in Fig. 2. 
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III. Cytology of' rotinulao

Becnuoo o� tho prooonoo of nl.ll':lorouo pigmont 

gr.o.nuloa and bocnuoo o� the r;roat numbor of cello 

involvod in tbio oye, opocial cothodo had to bo 

omployod to onablo rae to study tho detailed 

anatomy of' tho ratinu.lao. 

In order to rondor distinct tho cytolocy of 

tho threo re�ions of tho rotinu.la of Limnoao 

porowa, ooctiono of fivo a.nu oovon microns 

thiclmooa woro carefully dopil1Uontod by tho 

use of rrooh hydrogen poroxido (H202) for a 

poriod of ono hundred houro bof'oro atainins in 

iron houatoxylin. Othor raethodo of dopir}ll0ntution 

woro ueod but not 'l'l'ith the ouccooo of' hydroeon 

poroxido. 

The rotinula Bo oboorvod in this study 

prooonto throe roaiono --- a diatal part or 

o. rhabdooe, o. m1ddlo portion highly rof'ractivo 

in naturo ob tho ellipsoid, and a third bom-ing 

a nuolouo or tho myoid. 

Tho rhabdomoo aro tho oooontial otructuroo 

which otand at rip)lt aneloe to tho ourf'aco of 

tho ophoroidal lone. Thooo rhabdomoo lie within 
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tho uall of tho pigment cup and display thoir 

unifor::i olondornoso and emootho contour (Fie. 

l, R). Thoro io a olir;ht curvo.tU1•e in tho rhab

do.�o noar tho poriphory oT tho pi�ont layor, 

which curvo.turo torminatoa on roaching tho 

rofractivo rogion and io aluaya bont in tho 

diroction of tho baso of tho pi�ont cup. 

Thie rhabdomo ie void of otriao and oxtondo 

outml1•d from the pis,nent cup to the tr:mcparont 

we�o shapod divioion or ollipooid (Fie. 1, E) 

of the rotinulo.. Tho rofractivo body 10 somo

,vho.t olone;e.tod ond in r;onoral io o:J..milar in 

oho.po to that of a wodgo, tho blunt ond, or 

base of the uodgo, boing in tho diroction of 

thct portion having tho nuclous and tho 

pointed end, or a.pox, in tho diroction of tho 

rhabd.0010. The third recion containo a nuclous 

an' 10 conf'luont uith a norvo-liko fibor. 

Thia f'ibor, in loavinr; the &onorol contour of 

tho oyo, curvoo in tho diroction of tho oophalic 

ganglion no a taporod fibor. Tho nucloua in tho 

myoid of thie rotinula is in close proximity to 

tho contral rofractivo roGion. Tho iron 





honatoxylin oto.in oloo.rly outlinoe tho contour 

of' tho retinula by th" d::::.rlt coloro.tion produced. 

'l'ho rhabdoroo o.ooumoo a fo.1rly dark nppoaranco� 

tho rofrcctivo body or 0111,soid io appo.rontly 

tro.nsluccnt, tho ovo.l oho.pod nuclous of tho 

myoid conto.ino many dooply otainod gro.nuloo of 

vuryinr, oizoo, whilo tho diotal taporinr, ond 

of tho myoid that runo to the cophalic 80.nglion 

aooumoo o.n o.lmost jet bla.ck appoo.ranoo. 

r.v. Compo.rioon with othor rotinulao 

By oboorvinG tho �:i.milarity of tho rotinulao 

in Limnoao porogro. o.o ovor against tho.t of tho 

f'rog oboorved by Aroy ( 116), or Prorhynchuo 

applo.natuo by Kopnor and Foahoo ('17), end that 

no.inta.inod by JCopnor o.nd Lo.v,ronco ( '18) for 

Polycyotio 0oottoi, it is doduood that tho 

rotinula in Lionoo.o porogr::::. in vory much liko 

those others o.nd that tho ror,ions found aro 

oimilo.r to tho rhnbdomo, ollipooid• and myoid 

occurin� in tho rodo and conoo or vortobrntee. 
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V • SUHtthRY 

1. Tho oye of L:lrnnouo P9rogrc. ia tlio oroct typo.

2. Tho rotinulae aro uiotributed uith reforonco

to two nzos of tho oyo: (a) o.ntorior obliquo e.nd 

(b) anterior horizontal.

3. �ccoooory Pit,IIOnt oolla and rotinuJ.c@ ontor

tho forwation of tho oye of Limnoao poroGJ.•o.. 

4. Tho rotinulo. io ailllilo.r to tho.t of'

TUrbellaria and vertobratoo in th�t it ponoooooa 

throo rogionaa (o.) rhabdomo, (b) ollipooid, and 

(c} uyoid. 

V. It 10 su1.:;gootod that thoso rotinula.r

ror,iono in theoo uivorao &roupa of c.ninalo 

o.ro horaologouo and not nnalo.gouo. 

Univoroity, Vo.., 

Uay 15, 1924. 

D. D. Onrr
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Fi$. l, Oor.;ora-lucidu drawing of � trunovorae 

eootion of tho oyo of Lirunono poror;rn. X 1500. 

AO, aooeosory colloJ L, lone; PL, pii,:iont layorJ 

R, rot1nuln.o. 





r 

--L

'---� 
- - -

__ 3_ - - ... 
... . I'!! - • •

- . 

r 

-11-

- - - _,_ 

r 

Fie. 2. D1o.cro.m ropror·ontir..c thc, homoloi;uoo in 

tho rotinulno of o. vortobrnto, liolluoc, rbnbdoooolo, 

and flc.t,,oru. I, r tinulo. (rod) of f"rog (o.f'tor Kopnor 

and Fochoo, ( '17)) J II, rotinulc. of' I jnnoao :,oror;ra; 

III, rotinula of l'olycyntio i;ootto1 (ct'tor 1:opnor 

c.nd Lo.\"l'ronoo, 1 18)J IV, rotinulo. of' I'rorhynchuo 

appl:inntuo (ai'tor Kopnor a.nd Fonhoo, '17); Lino l 

connocto tho rho.bdooo" of' tho f'our rotinulc.oJ lino 

n indico.toa tho rofro.ctivo bodioo (ollipooido); 

lino 3 ,  tho myoide; N, nuclei. Arrows 1nd1oo.to 

po.th of 11r;ht �ivin& oonoory otmuluo. 
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