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INTRODUCTICH

48 eurly es 1850 muny reports of cbservations of the

e o G

blind eave aniwals were nmde Ly both seientific end populur

X a®

-~

writers. ‘Yellkeapf, 4gassiz, Forves, end Silliman were sone

of the earlier scientists whe studied the eyes cf cuve

eniuals, Ligenwmann wade a histological study of tue cave

e e T

vertebrutes of aceriea. In & siudvy cf forbvesicenthvs
v o

pepllliferus, & seui-blind cave fish, Jennie ldller Crr

found importent structural modificaetions in the eyes of

B e Bl i

thils specles. Since no comparative histoleogical studies
ol tiue eycvs of cave anluuls seem to nuve been uude, it was
deciled to muhe such & stuay with & view to determining

=3 1 . X il Y § TN s ey o e g o . o e . R0 o, O AL
whetnor ticse structural diiferences are similer in difverent

»
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ine animuls cihiosen for this study are: Hadenoecus
subterrenecus, the so-culled cuve cricket; Cenburus

pelluclaus, the blind edve creyfish; forvesichthys

papilliferus, & seni-blind cave Tisn, and Typhlichthys

Sublerreneous, a vlind ceve i

h,

[

Ligenmenn stutes tiot aegenersiion of eye tissue
cccurs iu cert-fin Torus in the wvosence of lizht. A con-~
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REVIEY OF LITLRATURE

.

very fev histological studies of the eyes of cave animals

have been made, and these are for the greater part upon the

L

eyes of the fishes. o scientific studies tiie histologica
structure of tue eyes cof the cave crickets or tie cave cray-
fishes seex to liave been uade,

Jiovannolilsuya tiat thie eyes of Hzdenoecus subterraneous
are black and gppaerently well developed. In speaking of
Cambarus pellucidus‘&iovannclid states thet it is not only
blinad but has practically lost its eyes, in that the
tihhe merest rudiment,

externgl part of the eye is recuced to

nly weskly

ct
'_l.
m
0

and the optic aerve, thoush still presen

developed.

agassiz ena uould state that Astacus (Czmbarus)

pellucldus has mercly the pedicle for the eye, without even

4
Sillims seys thut, thougn Tellkaupf snd Thncupson

eyes of Lauberus pellucidus, by exzmination
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Leonerd <iovunneli, *Invertebrate Life of iemmoth and Cther
veighboring Cuaves," Cave Life of ilentueky, vernon Balley (euJ

Jes
\llotre vaue, Indiesna, Yhe University Fress, 1933), p. 22
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ceuncle of the eye exisis, ovut tuere ere no visible facets
at 1ts extrewity.
tedliunp? end lliller” were the first to detect the
existence of rudiuentary €yeés in the blind ceve fishes;
eiey did not find a-nerve in comuectlien with the eye, nor
did they deteruine the contents of tie globe 'vltn certainty.
In @ study of ti.e eve of Forbesi ci:thys pa pilliferus
Orr® found thet wiile all of the im;;rtagt elewents of the

ere are present, C such as the optie
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, {CLVE cand tae lens, out sie states that the retinag is very
well developed,

s e 'y o ractohthve) apmead 177300
In & stauy of UJ'..‘OJ.C"_-_.‘_.-..'E;.:.' (..’.‘!\"Jl"»':.a..':-'a‘.‘l:.';:;. o) PALLLLIIETUS

i

Ligenmenn’ found thuat the 51X noriwl eye nusclies are prezant;
e selera wud choroid ure very thinz; there is no nerve fiver

,-: leyer, but taoe fivers Sprecd out into ithe ganglionic layer;
AR : : ;

- # the plguent layer of the revina is very thick; _end tue retinz
T &S & whole is much simplified, with ths greater roint of
degeneraiion lyiny setween tie cu ter nuclear and tie inner
-

. ! c

4 % Ibid., p. 86.
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reticular layers. In sumuerizing the eves of the Amblycpeidae
ramily'digenmanns sa; & the eye of Chologaster (Farbesichthys)
pepilliferus is symetrically reduced from a lerger, normal
fish eye, the retine being the tirst structure simplified,
with later the leng wnd the vitreocus vody Gegenerating more
rapidly.

_Eigenmunng found thut the optic merve of Typhlichthys
subterraneous is ccanected with the bruin; there is & total
avsence of pliguaent from the eye; there are no definite rcds
end cones; the lens, Wiich is not present in all eyes,
consists of vut a rew undifferentizted cells; soumeti.es a
minute vitreul body is found surrounded by the gaenglicnic

leyer; and taere are no eye muscles,

® 1via., p. 146.
Ibid. » pp- 12:0"126.
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Collections were mede from various caves in this region.
Hedenoecus subterrencous is found in abundence in muny ceves,
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but the speoliiecns used were obtained Ifrom & &t
near Janna on the tsowling sreen anéd honaker's fe
Feroesichthys peapiliirerus was obtsinea from thils ocave whnere
this speclies wus fairly abundani. Cawubarus pellucldus was
found in great numoers in & ceve on the llesride Tarm neur
Jlesgow Junction. 4Uwo specimens of Typhlichthys subtverraneou

were found in tnis cave and tiree were obtained from a selt-

-

pctre cave a Tew miles from Glesgzew.

Zenker's fixative was used for tie eyes of e€ll the forus.
vueh of the -success in ootaining zood slides night be
to the fact taatl tlec tlssuses were cleured by & speclal sianking

precoess. W%Wo of these sinking methods were used, One clesring

precess involved the use of equal parts of terpineol znd ninety-

‘five per cead alcchol, with the latter on top., In the other
prceess eygusl purts of eniline oil, aetayl selicylute, end

.

ninety-z

3 b . " 2% % . & ~d do e =, PR v i
1VE DEYX Cul. v 2lconol were rloured 1alo viie Viaéd in the
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A COUD.nIS0l OF i ZY3 C" HaDEICECUS SUEBTLRRAIIOUS WITH A

RNORLAL COZOURD ZYE

vefinite structures are very aifficult to distinguish in
an oxmatidiun of the eye of Hadencecus because the cells are
fiiled with a darx brown piguent, but occasioneally soue
owsatidla could be Tou:d where the piguent was less dense,
eand In these could be found gll tie structures present in the
norrnal compound eye. In the drewing of the ommatidie of the
eye of dudencecus (Figure 1), it is shown thet the orystelline-
cone cells, the rhabdomes, and the retinula or visual cells
are all well developed,

3y a superficial generul exzminution cf this ere it is

A . 1 2 \ X
-~ . - . oo - ke 4 wys s ) r - a0 - L - . - e
reudily seen thet it 1s much susller tihan the eye of the

noriial meubers of tihe Tettigoniidae femily to wiiech it belongs.
Tiere is a greut reduction in the number of cmmetidia compesing
tae eye., The averege number of omzetidie cocunted in ecch
cross-seocticr wes seventeen, which is gpproxinetely one-focurtl
the nuabesr found in 4 cross-secticn of the eve of Awblyccryphe,
g nezver of tie sane Tumlily. Vith & dGecrcuse in the nunber

of ouuatidla there seeus Vo Le an inerease in the slze of each,

' 1

In a ceomparison of the omueatidia of nalesnoecus with these of

. ' a Ay Sl o e e e oy supre Sy - P! WP [y

Viw walle Sge i 4Cil Tl Qllawll VO viig CSHUlE Qdies ACL wiOn

fns i i} o v cOnoY P R R R n i s TR N P e J S, R ey .
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evidences of degencration, since tie wcuteness of vision of o

ccupound eye depends to & grea’ extent upon these two fectors.

tie detuells crf by &4 greaier
J

ull objec =1 De se petter

nuLoer or sumll occustidic L DYy a Tfew large ocrnes, in that

tae suweller the poriion of the ob ‘e ieved Ly euzel ommaticiw:

10

“«8 VWas wenvioneu previously there is ar unusuuld zicount
cf plguent present in the €ye of Ladeinoecus us Clilpaured with
tiie noruwel eye; there is 50 auch piguent that no part of ihe

- &
ciuetidlwn took iie siein eicept The crystulline-cone cells.
10is way be teken us aunotihzr eviceince cf degenereey, for

11 A

Elgenuann states taat u grect emount of pi:went is usue 1ly

2
Fa e

. '3 - ins : T SR
vo Ut LCoulLiu 1n “LgolLclltee eres,

John Heary veusicecx, an Intr duction to < tomolos s (Ithecu,
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A COIPARISCN 0F Tii IYE OF CallSanUS PZLIUCIDUS WITH THE EYE

O CAlBARUS 52,

In & compurison of the eye of Cambarus pellucidus with
that of Cambirus sy. we cun find very f'ew polnts of rescabluance
(Figures 2 end 3). In the eye of the bdlind creyfish the
cuticle has become greatly thickened and heavily chitinized;
it is especially thick at the anterior end, where & sauxll
do.re=like projection is found. On the exterior cf thls eye
no facets can e found eas are on the eye of Cambarus sp.
Within the eye several striated nmuscle fibers are found at one
sice beginning &t t..e anterior end and extending with a

Giminishing width to the pesterior end. At the cother side and

occupying the greater zuount of space in the sye is @ cirrcle of
tissues which mey be the remeins of the cornezl cells, VWithin

ct

iils circle and seperated frox it by a great aacunt of connec-
five tissue is anotlier circle within whese bounds are seversl
layers of nuclel which are probably the aegenerate rhabdories
aad retinular cells, XNo omnatidlz cen be seen, for they appear
te have coalesced into thecsée indisvinguisheble nasses.
iovann 1112 2avs thet the nti orve tThoush poorl
w1 0vVanno S-JJ will Lilc OiJ wil0 nerve ba.\JuQ-A *1 o J
t, but in the present study vic optio

3 o | -3 4 e b} . -
aeveloped is still yresen

nerve wgs not located 1n ceonnectvicn with the eyve,

L

1&

wicoy .'.l.}..(}li g Q. cit Ve 3 Foe 2;‘£0




10

tissue
ccetl region

-

ated muscle fibers

i

Figure 2
Cross sSection of the Zye of Cambarus pellucidus (x~110)
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of Camburus sp, (x-550)
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=YE oF I-IOT;&C‘; IS ATHERINOIDZS

For a comparison of the. €ve of rForbesichthvs with e
noruel eye, the ninnow llotropis atherinoides wes selectied,
ena eyes Irom indivicut.ls of approximetely the seme size were
used. In compuring the tvo eyes (Figures ¢ znd 5), several

differences ere &nperent.

ihe entire eye of Yorbesichthys is much simaller than that

of Notrcpis. 1In forbesichthys the skin is extendea entirely

over the eve; however, it can be ceen taat the accessory
glands, elthouga plentiful around it, are not found in ihe
skin covering the eve., The optic nerve is well coveloped 1n

Vi€ eye ¢l Yorbesichthys, but it is congiratively much emalier
then in Kotropis. In the latter tie diameter of the optic
nerve is equel tc the wiath of the retira, while in i

tEe width of the cptic nerve is pproxizately ons-fourtih thet

ol
of the retina. In “oriesichiLys tie lens is proportionately
Zucd sialler then it is in Not opils,

dhe nmajor differences gre found in the retine (Fisures

6a end 7). In the retinn of Notronis there
Tioer leyer cn the innsr side of tne ganglionic luyem, but
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rurt o' the retinu, sone of the fiLers ressing vehind the

=

senglionic cells and being distrisuted euong vhe nuclei of
this layer. There is only one layer of nuclei in the

genglionie layer of the retina as compeared with the two lavers

Vide wda )

.

of nuclel fouud in the correspondiug lsyer of Wotropis. 1In

ihe inner nueleur layer of Yorcesichithys there are two or

tiiree layers of nuclei, wnile in this luyer of Notropis there

-

ere six laéyers of nuclei. 4 reauction of nuclel is slso Tound

in the outer nuelear layer. 4Yhere zre only two or ihrec layers

o nuclei in this stratum in roroesicatays, while tiere are

fcur leyers in this section in the

- N o e )
cones er rorcesicatiys, tnough

g

greutly reduced in nuwadber. 4s in the eye of the cave criclket

L Lymisa

thére is an-excessive sgumount of pig.en

}:.-_l

.. Y - )y - . 1w . | Y wird 2343 *im mpr =S -~
*¥er delng &Gpprexilctely one-nul? the widih of €& antire

(Teting. In general, thaere hus been & decrease in the vwidsh
ol the other luyers ana en inerecse in the extent cf the

pigwent layer in cougurison with the normal ey¢, end, s in

2% w3 - . s . o & e v 4 - o
vl Cuve ceric.et, tals shows degenerctio « Very interesti
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The eye of rorvesicht: is easily seen by cesusl examing-
tion, vut the eye of ‘wyph lvhys cannot be seen Lromn the
Surlace beceuce it is vory minute, without pPlgrent, and is

€eply embedded in en oroitel fat mess (Figure 8b). Ligenmenn
seys thev in this species ne did not fing a coanective tissue
me.lbrane seperating uuc oroital fut mess from the other fetty
tissues that are found in tais recgion. In the section used
¢h & uewmbrene can e found exiending for the
Cistence at the posterior side of tnis fat

In rorvesichthys it is noticed that tie

SXin exiends over tne eys coantinucus with the skin ccvering

the heed, butv tne glends of the skin are sbsent
over tue € Lyl nthys the skin ig elso found covering
the eye, but with « i 1 1 thet the &ccessory glands

great nuuwbers as tiey are elsevhere on the

very tiuiln
1 Wypblichthys C are sti sore lnsignificent. The optie
nerve 1is very indistiact
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In the pPilgrentary luyer is found ine greatest diverzence

in the respective degeneretions of the two eyes., In the case

of rorbesichtnys there is &n excessive amount of piguent

C

preecent, but no pig.ent granulies &fe cbserved in the bigrentary
leyer of the iyphlichthys eye. 1In Forbesichthys rods and ccres
ere present, zlthough in reduced numvers, but in iypnliichtihvs
notiing recenvling thece structures cen be seen,

Liue outer end ipner nuclesr layers sre little ir any more
degensrate in dyphlichthys than in Fordesichthys; in both are
round vie saie numper of leyers of nuclei. 2lso, the outer
Loleculur enda gunglicnic layers are still present wigh
Practiicully tae su.e degenerecy in the bliné as in ¢
blird, wita the lupertent difference thet the inner surfaces
o1 the retiuns touch in Yyphichthys, thuus throwing the
ganglionic ‘leyer into one eS8, a8 1in e eye of forpesichthv

. / s > i .
there is no nerve figer layer in the eye of Iyphlichthys.
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SULZLARY

The purpgose of this study wes to meke & his telogicul

coapurlson of tus eyes of certuin cuve aninals und of related
hormal species und in this wenner to observe the evidences
of degenercvion in the foruer.

It is found thet tne Uegencrution of the eye of
Haedenoscus hes recultea in a rewuction of the sizes of the
€ye, a decrease in the numver of cuiatidia with sn incregse
in the size ol cuch, and in a very dense Plguentetion of the
eyc, wille in Ceoderus peliucidus the cuticie has becoue
thickened ane ciiitinizead, shutting out the lignt, and the
omsatidia huve eppurentiy coalesced forming inseparable an

i

In Forvesicinthys the lwportont aifferences from & norawl

€ye are: <The skin fon_s & covering over the cye; the eutire
OF its Parts are greatly reduced in s ze;
the ganglionice, inner nuejear

A

vecn reduced in width, bvut the

vl v Llle

"~"\.J cCILucCy ¥y --f:lilij in

vosence of plguent vhere 1s
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4yphlichthye than corf Forbesichtnys;

sresent in the skip covering tie
tuere ere none in Loroesichthys

reduction of rods end cones in the retine o Yervesichthys,

]

FUES PO = T o o An e e 3 Mew o= v ;-
LiCI'e are pI'OUL.tu‘l 0 rods end ) i._;_t.a.i.:..ic.lt_’.‘~,'u.




=

ey T
BILaLIC JiLal 1l

o !;‘#_ G e e

B2 4 e e j - 1y 130 b
<tlley, vernon, vave Lirte ¢ nentucky (‘.C‘ulu Dzme, Indicne

'
B

Y. © % o =3

Floecl, dvoad.

1he Univer

R

- -

cL.stock, vohn Henry, wn Intreduction to sntonolosy

Kew Yerk, Tiue Comstock Publishing Co., 13350).

w

\Lvaigece,

8
4 .
Sy

-

- A!—E o

hington,

Zigenmenn, Cerl id,, Cave Vertebrutes of americe (as
Je C., Puvlished by tae Curnegie ILs ;itution of
dashington, June, 1509).

Forwocd, willian ~Vulp, an Listcricul cnd Deseriptive
Narrative of the izwmuoth Ceve of L¢HCUVAJ (rlllauulphia,
J-o -'—-jl Llpgi&ﬂ-ot‘u and bc., lC‘»I\J}.

sOrge, Iae Suoterranean \orld (New York, Scribner,
r(&.u-lu (4‘00' ld?l’

-

bov#], “C*Lcm Carter, Yhe liemmcth Uave of Kentucky (Louisville,

hn ¥, liorion and vozgany, 19012),

Jo]utq, David Starr, lunuel of the Vertebrate Anirels of the
Xortheastern Lnltc_ otutes Inelusive of ilurine Snse!

157
-

oo
«
L)

(New York, lerld Book Company, 1923).

-

Orr, Jennie !ldller, otudies on a Ceve Fish of certuin
Classii‘ication (4 thesis subuittea in pe,rtic1 fulfille-
ment of the recuirewents for ihe degree of laster of
Arts, u&&ucrn ucntuC'“ ~tate Yeuchers College, 1954),

Ed

Yockerd, 4. 3., Jr., "Cz the Cave Feuna of Thulqn&, sinual

. Report c; the Trustees of tae :eauouy aCEubky ol <cience
& fer tie Yeur 1872 (Salem, iuss., Printed for tne

; acade &y, 1873).

ﬂ

g

i

: Fratt, Henry Sherring, & Mcniel of the Common Invertebrate

E"‘ irimzls (Caicego, 4. C. [fcClurg snd Co., 1929).

)

B Futnem, ¥, W., "Synopsis of the uily fetercyygii," annual
acport of the trustees of Lhe 'cab ody accueiny of Zcience

K for tne Yeur 1871 (salem, luss,, Zrinted for the

JLC\‘- \*L-M} 3 1{:7 2)

Rundolph, ielen F,, Lumuoth Ceve and the Cuve Region cof
kentubky (Louisvilie, The Stundard rrinting Compeny,
ic24].

&

o

$id, ph -"m'iﬂlhgﬁi._a'ff"‘.. h- %




	Western Kentucky University
	TopSCHOLAR®
	8-1935

	A Comparative Histological Study of the Eyes of Certain Cave Animals
	William Owsley
	Recommended Citation


	owb-001
	owb-002
	owb-003
	owb-004
	owb-005
	owb-006
	owb-007
	owb-008
	owb-009
	owb-010
	owb-011
	owb-012
	owb-013
	owb-014
	owb-015
	owb-016
	owb-017
	owb-018
	owb-019
	owb-020
	owb-021
	owb-022
	owb-023
	owb-024
	owb-025
	owb-026
	owb-027

