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'ABSTﬁACT

w

e “,;—T\Studles have been carrled out on the regenerat1on of

the exc1sed mantle eyes of the scallop.Placopecten N

magelranlcus 1Gme11n)

by Butcher (1930) were repeated

Many of the experlments performed

The tentacles an&~the:.'

L mantle cav1ty of . the scallop ‘have been -exapined for the

: occurrence of. c111ated ‘sense organs..

been descrlbed anatomlcally

lo ng\gentacles.
. esults from the regenerathn studles -were negat1ve.A

Two reasons have been

RN 1nvest1gatrons have been made on. the sense organs from the -

Pre11m1nary phys1olog1ca1

‘
;.
4 -~ :
. &

I

suggested to exp1a1n the fallure of

these experrmentsq the water temperature was too low thus

., study is. drfferent from that used by Butcher.'

~

4 i

Examlnatlon of the tentacles has revealed a number ,of

K

c111ated structures.

¢

A c111ated pap1lla found on both the

When found these have :

preventlng regenerat1on the spec1es used in the present RN

long tentacles, in. Iarge numbers, and on the short ten-

-

i v

tacles, 1n small. numbers has been extens1ve1y exam1ned

Ahatom1ca1 1nvest1gat1ons in conJunct1on with pre11m1nary

phy51olog1ca1 1nvestlgat1ons suggest that the pap111ae

' subserVe a sensory funct1on and poss1b1y respond to

methan1ca1 st1mu11n

.

A pre11m1nary 1nvest1gat10n of other

c1lrated structures on the short tentacles and the abdomznallf

*sense organ7have been

made; A chemosensory functron is

ol
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AN

v functlon,

suggested for the structurekél tLe receptors on short

,tentacles-.r The abdom1na1 sense organ has no known "ﬂ ‘

\several hypotheses are offered .
\

& brlef h1stolog1cal study of\the anatomy of. the C

e

c1rcumpa111a1 nerve has been made. The nerve d1sp1ays
. \:

structure 51mllar ‘to that of the v1sceral ganglloh._]
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shown to .be r1ch in C111ated structures and cells. In the

fductlon of\stlmull 1n the many sensory. systems 1n whlch

.they occur. L S ~,"f' Cee S

,;and ‘the renewal of electrlcal act1V1ty 1h the retlna

4 o e - S

. . . [ L ; . ! . L “ "d ‘\,, '- 5 I. :‘
Chmowerroy 0 e e

Pu~pose of Study o i o - “ d‘ “i'iﬁ S

The eplthella of Lamelllbranch molluscs have been
P2

L

Pect1n1dae, c111a haVe been showneto occur in spec1a112ed

..

ﬂﬁstructures on ‘the tentacles, w1th1n the mantle cav1ty, and -,Q'”v'

J1n the eyes The c1llated retina’ of the eyes has been -

;exten51ve1y studled by .a large number of authors, Barbero
‘.""Evans and Land (1967), Dakin (1910a, 1928), Miller (1953),

,,Patten (1887) ' Barber (1974) rev1ewed the w1despread

A o
occurrence of c111a in sensory systems and 1t has_ been g

suggested that the c111a may be 1mportant in the trans-

1

N &vl.

In order to attempt to clar1fy the 1mportance of ' C111a
3—

~1n the tqansductlon of q&§ua1 st1mu11 1n the cuilated

retlna of the eye of P gellanlcus, it was de01ded ‘to 4

' attempt to repeat a study carr1ed out by Butcher (1930) on

the regeneratlon of éyes in a related genus*:.Pecten. .Itﬂf s

yas hoped to be able to follow the regeneratlon at’ the'

1

'ultrastructural level, and physiologlcally,rand to: determlne E

.what relat1onsh1p there was between the regeneratlon of c1i1afﬁf"3;f

Dakzn (1909) suggested that the tentacles,.wh1ch bear ?“7'f
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s orgaﬁ\at was dec1ded to make an attempt to clar1fy 1ts

- e

Pect1n1dae and was character1sed by c111a whose length was_

: 1n excess of 100 Pm., None of the h1st010g1ca1 data were

.'order to e1uc1datg the structure of thlS suggested sense

. . . - - GoaL . t . R . .
e M LN ".: . - ' ) ‘\ ' s R - .‘v~ - N :-4.' by
<2 S e SRR S

"a number of c111a, mlght be sensory S1nce the s1ze and

was dec1ded to exam1ne both the 1ong and the hort s ﬁVﬁhl. L ’f n:Jé

tentacles to~determ1ne if. any d1fference exist\d 1n the . R

- 'c111ated structures on thgir}zprthel1a, and to d' &rd S #;
' anatomy of the structures | rthermore it was dec1ded to‘u:k " ::' f%g
\.attempt a phys1olog1cal 1nvest1gat1on 1nto the st1mu11 to . | ﬂ?r

wh1ch the sense organs responded . g L ! r ‘ég
- E151g (1887) and L1st (1902), descr1bed a d1screte | ‘"fﬁffulf‘ ';:&
pa1red c111ated structure 1n ‘the: mantle caV1ty of varrous r'i _:1jﬁ;:;;%§
Lame111branchs, adJacent to the anus. Wh1te (1937) ’ S tﬁé
demonstrated that this structure-was s1ng1e An- the ‘ l;_-n‘:ll "ngwf';é%

‘\ .. \.

presented photograph1ca11y or as dlagrams. Therefore 1n ;

structure at both the llght and ultrastructural level ‘ y
o 2;; B1ologz SE PR 3 l j<' '{5“- ' '5’:E\\'x~ ’
o The G1ant scallop, Plac_pecten—magellanlcus (Gmelln), i_<\% R ﬁ
1s w1de1y d15tr1buted along the'east coast’ of Nbrth Amerlca . ﬁh
. ik
Its geographlcal and vert1ca1 d1str1but1on have been well 'ﬁﬁ
e
estabf1shed by a number of authors (Merrll 1959,,~Posgay, . j@g
o T o
1957 Squ1res, 1962) Its southern range-extends -as far - =%
’f sodth as Cape Cod wh1le scallop beds have been d1scovered ‘.1".':°”'$J
R L ‘..',.11
oo el . '.}a: . Do _‘;*': SRRVERIR |
etor e “"5 e - 2 e i
. ! .‘ ) - - ;'J
v ] .ot B N "!
; . \ - "r’



4

.

[ v X L - ’
' . . . _‘3-: / . o .‘ TR ' i
. ’ . . . : . R
. ’\\l ) . ‘ ' ’

as far north as’ Plstolet Bay in Labrador (Merr11 1959)

The 1nab111ty to’ accllmatize to h1gh temperatures appears
]

to limit 1ts southern range, and also its shallowest depth
(D1ck1e 1958 Naldu, 1970) Scallops have been found at

depths of between 2m - 210m.' D1ck1e (19§8) has shown

experlmentally that the upper temperature tolerance is'no ",

.greater than.25 °c. The optlmum temperature for growth and

spaWnlng 11es in the range of 10 - 15 C Its most northern

range, and 1ts deepest depth were or1g1na11y thought to be.

dependent upon thlS 10 C m1n1mum needed ‘for spawn1ng to

occur However, spawn1ng has»actually been observed to occur

under more r1gorous temperature cond1t1ons, 'S0 the L \':'
l1m1tat1on5 for its most northern range, or deepest depth
ha e yet to be determlned |

v
\

Medcof and Bourne (19§2) have shown that the G1ant i

o scallop w111 tolerate sal1n1t1es of- 20% : However, it shoul

. be noted that full open water sa11n1t1es of 35%.1nvar1ab1y

occur at. depths greater than 3m in Newfoundland coastal

1

encountered '
N The scallop 1s found commonly in shallow, sandy, and
s1lty bays around the coast of Newfoundland %nd is the - i

largest of the Lamelllbranch molluscs found in these waters.

‘- Since the bays in wh1ch they are found 50 admlrably f1t the

ecologlcad parameters requ1red by these an1mals, they are -

~

abundant and frequently occur i large beds, wh1ch are\\\\fki_

.l.

d

\n

_ waters, and.that sa11n1t1es as low as 20%.are un11ke1y to.be‘. B

Tt
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3 Hlstorlcal Rev1ew L .“/.

' behav1our of the Glant scallop.

" of the nervous system

- around the. mantle per1pher1.

' to the mantle per1pher1, a p051t10n more sulted for the .

s o S l;n;’;bii'.' :.y' " o '

- easily accéssible.to\the SCUBA@diver forucollection pUrposesii B

"

! *

The gross anatomy and embryolOgy, as well as‘a varlety

- of behav1oural aspects have ‘been well descrlbed by.: a number

of abthors. The, most def1n1t1ve account was the monograph

@ o )\..
of Drew (1906),,who descr1bed ‘the anatomy, embryology and.

¢

‘ Very few, changes have had -

to be made to the anatomlcal descrlptlon s1nce that t1me, .t-:' I

- though certa1n d15crepanc1es have\been noted in the account i!'[.:7

Further stud1es on the embryology '.'

have beeh carrled out in thlS spec1ek\ 1n1t1a11y by Borden }.'

(1928), and later by Merr11 and Posgay (1967),,wh11e :”_ 'f s

Culllney (1974) stud1ed the development from fert111zed egg

to settled spat. ThlS latter paper 1nc1uded a’ study on the

parameters that caused the spat to settle. o . ‘.'l:' e
i Although the anatomy of the nervous system and ganglla N

" has been adequately studled by, both Drew (1906), in’ hlS x

general descrlptlon, and Dakln (1910), in h15 more spec1f1c

descrlptxon of the visceral gangllon, 11tt1e has been done : ’:_‘*n

on the large number of sense organs, which probably exlstg

- The v1scera1 ganglion of the s

Lamelllbranchs 1s generally larger, and functlonally more

1mportant  than the rather d1m1nut1ve cerebral gang11a. :‘ | o

MolluScs have - adapted 1n a manner such that the. functions:

'Q normally assumed by the cephal1c reglon have been subllmated7

t : 1 - . .
TR : L " . e
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. mantle lobe (Dak1n, 1910)

.- 5_

‘ . . - o . R

freceptlon of st1mu11 in thelr sedentary n1che. Cbnsequently 3

thrs has gxyen r1se to the greater 1mportance of the.
lv1scera1 gangllon. The gangllon is a mult1 lobed body,
which in certaln spec1es is- asymmetr1ca1 due to the more'
numerous neurons in the r1ght lobe, a d1rect consequence of

the greater number of eyes arranged on the r1ght, or upper

B Y

The anatomy of Pecten eyes, whlch are very 51m11ar to

those of Placopecten was f1rst descrlbed by Patten (}887)

;'In thls descrlptlon he 1nd1cated that there was ‘a p0551—'
. b111ty that two retlnae m1ght be Present Dak1n (1910a,,

-1928) descr1bed in detail the anatomy of the eye and 1nc1uded

_-an, exhaustlve descr1pt10n of the two ret1nae. “He also

Y

suggestéd that one of the retlnae, ‘the dlstal retlna was '

' 'c1llated and the other one was. not Mlller (1958) 1n a‘

study on the ultrastructure of the retlnae showed the pre--'

l

"sence of c111a in the ret1nae,\and demonstrated that the

. c111a formed whorls of concentrlc membranes, whlch he

- the unusual mechanlsm of 1mage formatlon in the S8V, w'lch is

\.

Z.suggested ‘to be the 51te of transductlon effected in much

'fthe same way as the vertebrate rod cell These results were

:later conf1rmed in a more comprehensrve ultrastructura study

by Barber, Evans and Land7(1967) Land (1965 1966&)

formed by a spher1ca1 reflect1ng mlrror that is 51tu ted at

“ the back of the eye. Further stud1es on these struc ures and .

a theory of how they functlon were made by Huxley (1:68) and

tud1ed'

[T
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Land 1966:2

- Behav oural studles on spec1es of Pecten were carrled

| out by'Buddenbrock and Moller Racke (1953) Dakin (1909),
GUtsell (1930), srid Uexkiill (1912) _These. researchers ) ;

demonst ated that ‘the an1mals responded to angular motlon

and als to a decrease in 11ght~1nten51ty ‘In/ fact 1t was

L shown tHat one specres would respond to 0 3% d1m1nut10n 1n-
" the 1nten51ty of 1T1um1nat10n. These studles also demon* .

: strated that the eyes were sen51t1ve to contrast and when‘

- placed in a tank that contalned a portlon w1th a darkened

a -

'43

background the scalloP would extend its long tentacles

towards the darkened area If the darkened area "Was - then ,

q

- moved the tentacles would trackithe motlon Thrs‘was

e

demonstrated to be~a localized response the tentacles were -

o effector organs for st1mu11 belng recelved by the eyes.' f

The c1rcumpa111al nerve ‘was suggested as be1ng the s1te of

.
o

lntegratlon.

D1rect phy51ologlcal ev1dence from the eyes was
presented by Hartllne (1938), who showed that the two

retlnae were funct1ona11y dlfferent 1n the1r phy51olog1ca1

-a decrease in. 1llum1nation, a phenomenon termed the'"off”'

’

responsez The prox1ma1 ret1na was shown to cease to f'

frespond'uhen the 11ght source was'removed Land (19663)

B
further 1nvest1gated the behaV1oura1 1mp11cat1ons of -

q

Buddenbrock's and Moller Racke s work. - He showed that the

'
- : ‘ s oot .‘ . t

i

&

: response The dlstal retlna was demonstrated to respond to. -

et eommr e D



) c111ated d1stal ret1na was respon51b1e for the "off"
response.‘ Cronly Dlllon (1965) Stud1ed thé spectral |
. sens1t1v1ty of the- eye aithough h1s results are of 11ttle
f'use as he was unaware that the image formatlon was - by an
‘j1nterference reflect1ng system Gorman and McReynolds ‘
'.11969) expanded our knowledge on th1s toplc,‘andb1n otheri
f‘papers demonstrated that .the dlstal retlna responded in a
'51m11ar fash1on to the vertebrate rod cells, so 111um1-
' wf nat1on 1nduced hyperpolar1zat1on 1n the ret1na1 cells
(McReynolds and Gorman 1970a, 1970b 1974) .
.-Although there is much now known concernlng the R

[

rhanatomy and electrophy51ology of the eye, only one study

has been made on: the development of the orgap. Butcher
(1930) followed the regeneratlon of eyes in spec1mens of

'Pecten whose‘eyes had been exc1sed The study was carrxed

‘out by h1stolog1cal sectlonlng of the regenerat1ng eye from ;

a callous to the fully developed state The results

XK suggested that a fully funct1ona1 eye was restored and that

h_th;s eye was a primary receptor. No electrophysrolog1tal

"evidence:was presented as. to whether'these'redeveloped.eyes
were funct1ona1 or not “No ultrastructural study has srnce

been carrled out 0 determ1ne the sequence of t1ssue regen-

7erat1on, and 1n partlcular the. regeneratlon of "the dlstal T

" As has already been stated the funct1ons normally

"assumed by the cephal1c reglon have 1n the Lamell1branchs, -

’

Iretlna w1th regard to the pattern of deve10pment of the c111a..'.

R
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fto the env1ronment ‘ 0ne7ﬂ$hld expect to find. tactlle,

LBl

L

'been assumed by the v15ceral gangllon. Thps the mantle rim

s the foremost reg1on 1n the receptlon of stimull relat1ng

)

‘v1sual chemlcal and v1brat10n receptors at the mantle rlm,

o

" The 1nc1dence of vlsual receprors has already been d1scussed

The mantle edge of many’Lamelllbranch spec1es is

.'*covered by a number of tentacles whlch vary in- both 512e

and shape. . ithe scallop the arrangement of the tentacles

. was f1rst descrlbed by ElSlg (1887), and subsequently by

,L1st (1902) Both these authors noted that’ two types of -

.tentacles ex1sted and that they could be dlfferent1ated by

'thelr f1ze and pos1t10n on the - mantle r1m. The tentacles

were termed the long and the short tentacles. The long

tentacles were found on the same lobe as : the eyes, the .

ophthalmlc lobe,.whrle the short tentacles were found on

‘tentacles had,a.sensory‘function. Drew‘(1906).ahd Dakin:' L

the outermost lobe, the. per1ostraca1 1 be he long ten- AR
tacles were more exten51b1e than‘the's ox tenfacles, and S "

were not as numerous. ,Both‘authors.suggested.that the

.;' (1910) concurredAwith this postulate. Dakin (1909)'sho¥ed

that_ciliated cells occurred on ‘the tentacles.. These

fciliated cells were linked via a merve network; which ulti-

'mately 301ned with the tentacular nerve. It was also noted N

‘that the mantle Tim and the tentacles were r1ch1y supp11ed "g

. with nerves, and Drew and Dakln suggested that the tentacles

m1ght have a chemosensory funct1on. Uexkull (1912) suggested

A -
.

U



Wi

o e 3%

:9-

[

=scallops responded to movements of starf1sh in adJacent S

.Gutsell (1930) read1ly‘demonstrated tact11e sens1b1111y

. . - I L e
e e ——— .

. s .

Iwas unable to determlne 1f the tentacles were also sen- o

chem1ca1 st1mu1us. What modal1ty they d1d respond to”was

. that they were d1rected towards_low 11ght 1nten51t1es
.suggested that. they would have sensory receptors, either
| S N . . ' ' ' ' s .

'mechano- oT, chemo—recept0r5,7in'their epithelia.

-~

through st1mu1at10n of 1so‘A ed segments of the mantle jﬁw

;
. _ I
. : , I
,that a tactlle functlon Was probable, and also showed ‘that - !._ffg

J -

'aquar1a by extendlng thelr tentacles towards the starflsh [
.
)

hearlng tentacles w1th a ]et of water. 'Unfortunately he N

!
[

e
'

sitive to chem1da1 st1mu11. .

' ' I
Behav;oural wprk,by Buddenbrock and Moller Racke (19§3).

showed that the long tentacpes, whlch are extended to argas-,.

of low 11ght 1ntens1t1es, do not do so in response to a,.

:not determlned The size- and thelgreat mob111ty of the long

tentacles and the fact that the behav1oura1 ev1dence Showed
‘ |
-

Genman h1stolog1sts late in the last century dlscovered“

pa1red C111ated structures adJacent to the anUS in the

mantle caV1ty 1n'a nUmber-of-Lame111branchs. ,Ihelle.(lssg) c

f1rst descr1bed th1s structure 1n Arca. Eisig (1887j also

descr1bed 1t 1n hlS reV1ew., The structure was descrlbed as -

a flap of tlssue upon wh1ch rested 'a number of ha1r cells.
L1st (1902) descr1bed thlS structure 1n certa1n speC1es of
the Myt111dae. The abdom1na1 sense organ, as 1t was termed

by L1st consrsted of a pad of columnar c111ated cells

\:{_iq]'

-y
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',attached to a basal 1amina.» The'bases‘of the cells were - -
,'drawn oub 1nto axons-thus 1nd1cat1ng that the c111ated cells:,.

were pr1mary receptors.' Whrte (1937), 1n a h15tolog1ca1
.study, stated that 1n the Pectlnldae@the structure was :
's1m11ar but that the organ was-a 51ng1e flap of tlssue and
not pa1red as 1n the case of the other g;oups studled he
showed that the c111a'were extremé&( long and suggested

8

f". that the cells: had a ‘chemo- sensory functlon.“

' A number. of/d;fferent functlons have been suggested
for the abdomrnal sense organ.z The11e (1889) and ElSlg o
a '(1887) both suggested that it mrght respond to v1brat10ns
;;set up 1n the water around the an1mal funct10n1ng in a '

o s1m11ar fash1on to the lateral 11ne organ of certaln f1sh

L E e e

fTeleologlcally one can argue that ‘this functlon is hlghly :f U

LN

f«qndlkely The stlmulus would have to pass the sen51trve

".u'mantle rim w1thout st1mu1at1ng 1t prlor to recept1on at the

o abdom1na1 sense organ a fact whrch 1s hard ‘to. belleve.._j
‘.:Dakln was unable to show any alterat1on in behaV1our when:‘

' the abdomlnal Sense organ was. stlmulated, or when 1t wasllf
'_i:completely removed Wh1te (%p37) suggested that 1t m1ght : ,‘f

'H'possess a functlon 51m11ar to that of the OSphradlum, whlqh

is a structure found 1n GasterOpods and Lamelllbranchs. The

. "

-

’osphrad1Um has been commonly descrlbed as be1ng a chemo-
' receptor although 1t has been shown to be an extremely

sens1t1ve osmoreceptor 1n AElZSla (Stlnnakre and Tauc, 1969)

‘Dakln (1910) showed that the osphradaum of -the Pect1n1dae L ff"'

t
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15'small though well supplled thh neuronal 1nputt

3

' Pecten extended dewn the g111 axes. Wh1te (1937) argued
that 51nce these two organs are so close together they
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S MA_.’I‘ERIALS' Anp: Merﬂons I S S

-1, Collect1on and Ma1ntenance of . Scallops ; EIC
ALl spec1mens of P magellanlcus were collected by . :%Tt
SCUBA dlvers in depths from 10 { 20 m. The maJorlty ofo~ e "‘f
; collectlons were made in Salmon1er Arm, two other T ) iﬁ
collectrons.for smaller 1nd1V1duals belng made 1n North ‘ . -?;
Harbour both locatlons belng 1n Newfoundland ) ,_jfh 'Wj.';ﬁ}:;f'ifﬁ
Those'spec1mens bezng utlllzed for‘the study .on. the ‘ ;~ ﬁ[.;:rliﬁi
senseaorgans were ma1nta1ned in: shallow wet' benches 1n the'.4 i “;'f’!ﬁ

Marlne Sc1ences Research Laboratory (MSRL) Ln Logy Bay oo e T J:v‘;

LI

The scallops used 1n the . regrowth study were’ ma1n~5'ff“;. 3:‘ff e

talned under a var1ety of cond1t10ns. Twenty 1nd1v1duals”

> S

were numbered and 18 of . these had the1r eyes removed from

T e St o T

: a number of d1fferent port1ons of the upper or lower mantle,::‘

O e

These 1nd1v1duals were then placed 1n a_ series of scallop

trays fabr1cated from'nett1ng and W1re wh1ch Were suspended e

from an array at approX1mately 10 m depth 1n Logy Bay..-_.Th:~ ,

scallops were placed 1n the water 1n September 1973 and the : i

) . N ,
B ehtlre array was removed from the water’ 1n Aprll 1974 The‘rf {4
TR ‘i
A
f1rst two scallops were removed from the array on the 4th L .¥5
\ £ B K
of October 1973 and others were retr1eved at approx1mately ) ;yf
': tuo week 1ntervals. ‘A’ second group of twenty scallops, 'vg
' P
from wh1ch some or: all of the eyes had been removed from ﬁ
the upper or 1ower, 12 both mantles, were returned to: the1r . ,'ﬁ
, . - o ) ) i : - "u ) R C é.“
i ':‘I -..,-; ’_A . ‘. , A \ A ° ..: ',A ,‘.“.l' .-." \ ?I;)'
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”5‘\med1um (Flsher Sc1ent1f1c) and xylene £or 24 hours at’ 530

s Amer1can 0pt1cal 820 Spencer m1crotome.;

They were retalned
1 \

e 51te of collectlon 1n Salmonler Arm.

'Qd on the bottom at approx1mately 10 m 1n a herr1ng mésh cageg ,

‘, The cage was placed 1n posztlon 1n Apr11 1974 and 5callops

were then collected at One month 1ntervals untll December ;ﬁ’:' '
.o e i - e . '

41974 when the rema1n1ng scallops were released RN L
e o s e ) 1;1 'n' . o \ _ . l".‘--'. v \‘- . "c . .

532;' Preparatlon of Tlssues for‘Anatomlcal?lnvest1gat1on

f;;. a)‘ Histologlcal sectlons ‘3_"'ll;a'n;f;ri'§f7f:f ',lf;

‘iﬂ ' All samples Of eyes, tentacles, and abHOmlnal sense oo -

organs destlned for wax embeddrng, were frxed H‘QBOUIH s

e~

flxatlve for 24 hours at room temperature.. The tlssue was

then washed 1n several changes of SO% ethanol unt11 the-"

Ky

odour of p1or1c ac1d was removed from the tlssue héi*

ﬂn samples were dehydrated through an alcohol serles accord1ng‘
‘ v

to the fOllOWlng schedule 20 mlnutes 1n 70% "80% 95%

A

~ \

one hour.. The t1ssue was then cleared in three ehanges of

a"-'x..<' s,

xylene for a total of one hour. Followrng the clearlng,,

the samples were 1nf11trated w1th .2 Paraplast embeddlng

L

(‘

followed by several changes of pure Paraplast for 24 hours .

.t . L . - / .

at 53°c. ;“f:r{‘f-:'. 3 'I*”"=.g,‘,e< af‘f';f ,[,~jg;;f }' Do

L@ UL

Sect1ons of 7 to 10 pm th1ckness were Cut on an
The sectrons were
afflxed to the slldes w1th a 1% solut1on of egg albumin,

~Aand allowed to flatten overn1ght on a Sllde warm1ng tray

ethanol followed by three changes in’ ahsoluﬁe ethanol over *;‘w

e e
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De waX1ng and rehydratlon of the sectlons was through a I
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. Osmium tetrox1%e in d1st11 d water wWere mixed to make the

; '/~.' - f'_;ldﬂf f';

—_

. standard xylene and ethanol graded ser1es, to wa('r._,

The tentacles, eyes and abdom1nal sense organs were !

stalnedixn Mallory He1denhe1n s 1, 2 3 rap1d process stain’

-(Casoni 1950) Permanent mounts were made us1ng Adam s d"

H1stoc1ad mountlng f1u1d w1th ”0" th1ckness cover SllpS
\ .

Sect1ons were V1ewed W1th a- Ze1ss PhotOmlcroscope II

Photographs were made us1ng Kodak Panatom1c X black and

wh1te f1lm us1ng a red fllter, (Kodak Wratten gelat1n

fllter #25), at 1n1t1a1 magn1f1cat1ons from xlO to x400

b) Epon sectlons for electron and light m1croscopx J_"',

K R
(i) . -Fixation

It is well known that the f1xat1on of 1nvertebrate

a

, tiasue in part1cular molluscan tlssue, ‘"has not. yet been
perfected or standard1zed, and so a q§r1ety of flgatlves .

'and buffers were tr1ed only one of. wh1ch proved to- be

satlsfactory The f1xat1ves used were as follows N

Daltbnls éhrome osmihm fixative. -Theiproportionl"used'“

were as follows Equal volumes of a 4% potass1um d1chromate

solutlon, adJusted to pH 7.2 with potassrum hydrox1de, and

.}‘/ a 3. 4% sodlum chlor1de solutlon were: mlxed together,.jnd
i

y

an equal volume of thlS solutlon and a solutlon of 2%

flnal solutlon{for thelf1xat1ve (Dalton, 1955). '

-~

»

Karnovsky's fixative. .This was made up-in Sorensen's
y ‘\ . . A -

s 8

' ﬁhoephate_buffer at‘pH 7.3, and in sea yaterl “A nnnberlof

L R
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comb1nat1ons of f1xat1ve from f1ve parts of buffer to the

o

full strength flxatlvefwere used (Karnovsgy\\lgés)

1% osm1um tetroxide. in Millonig'sﬂphosphate bufferiat oo

pH 7 2 (Mlnonlg,‘ 1961) L L o
o 2 ‘5% glutaraldehyde in Millonig's‘phosphate.buffer-at

pH 7. 2

9

2 5% glutaraldehyde 1n sea water buffered at pH 7 2.

K

Of all’ theSe f1xat1ves,'1n1tlal f1x1ng in 2 S% glutar-

aldehyde 1n Mlllonlg s buffer proved ‘the'. most aceeptable in
‘ the preservat1on of cilia and of. membrane bound structures..
Therefore thlS flxatlve,was employed at.all tlmes, thei-
samples be1ng flxed for two hours at room temperature, "then
washed 1n buffer unt11 the odour of the flxat1ve was not
detectable, whlch could take up to 24 hours at room
temperature., The spec1mens were than post fixed in 1%

Y.
osm1um tetrox1de 1n M1llon1g s buffer at pH 7. 2 for two -

hours. ;?ﬁ

(11) ‘Remoyal of tissue‘and embedding‘c e s T

The eyes were removed from the 0pt1c lobe of the mantle

edge by carefully cutt1ng the eye bear1ng tentacle close to‘ .

the mantle edge. The capsule surroundlng the eye was

n1cked w1th & Trazor. blade 1n order to fad111tate the entry
. ofsthe f1xat1ye. The whole eye"and the tentacle was then
.1mmersed in the f1xat1ve The removal and flxatlon of the

il

F—

'

.oe

e S short and long tentacles and the abdomxnal sense qrgan wasrl e




-

. 1nf11trat10n.‘;. K

1. ’."'16"_ R

‘e
'.

similar, to that of the eyes. Care wes\taken to remove the
tentacles as close to the mantle as poss1b1e Some
. \

-sectlons of the mantle r1m were removed Wlth thelr 1ncumbent

e
'

- ‘eyes and tentacles.; These samples were prepared for

/-

\ scannlng electron m1croscopy After post flxatlon the

samples were transferred d1rect1y to- 35% ethanol w1thout

wash1ng; Dehydratlon was effected by a. graded ethanol

ser1es from 35% to 95% . ethanol w1th f1na1 dehydrat1on for o

one hour in frequent changes of absolute ethanol dr1ed W1th ;

B D L.
s111ca gel.’ Subsequently the tlssues were-lmmersed 1n3;

. propylene ox1de for one hour w1th frequent changes of f1u1d

»

The samples were then’ 1nf11trated w1th a mlxture of
qual vOlumes of propylene oxlde and Epon 812 (plus DDSA

and NMA} w1thout 1ts hardener, for 1 hour, thls m1xture

. be1ng replaced by . phe complete medrum Epon 812 plus DDSA

NMA and DMP 30, and then placed in an oven at 60°C over-

n1ght (Luft 1961) Some large Specimens were‘infiltrated.

under vacuum in a vacuum de551catot 1n order to 1mprove

2

(111) Sect1on1ng and sta1n1ng

Epon sect1ons of thlS embedded materlal for both 11ght p, "

and electron m1croscopy were obtarned on a Re1chert Ultra- L

mlcrotome II. Thick sect1ons for light m1croscopy of

B ¢

.

between 0.5 to 1 0 Pm were cut on glass kn1ves made with a f' B

' LKB Knife Breaker. - Thin sectlons, appfbxlmately 30 to 40 nm

A\

th1ck whlch had 511ver 1nterference colours were obta1ned




\\:ire free of sol1d contamrnant‘s., The sectrons were v1ewed

°

' and Coggeshali (1965), then washed in distilled- water and . .. S g’l

were made oh

samples were then post -fixed in 05m1um tetrox1de and

. _ v . ~-'. -.. . . . ) ‘i"
, . -17- A o Lo : . ) . '.1 R I

e . .
) . L . et , : )
] . . . . . . a

with an E.l. Dupont diamond knife, e L
Thlck sect‘fons for comparlsoh with the‘ h15tolog1ca1 o .
sectlons, were stalned w1th 1% toluldlne blue 1n d1$t111ed |
water at pH 11. 1‘ (Trump, Smuckler, and Benolltt, .1961)
Permanent mounts of. the sectlons were made w1th Adam s ‘
HlStOClad under #0 th1ckness cover SllpS. ) -_ O - L :
'Thln sectlons mounted- on uncoated dopper, gr'ids' Wehr,e' SRR 4 f:'-f"‘
stamed in a saturated solut1on of uranyl acetate in . ': ‘ '...'//- , :1
d15t111ed water (Watsc)n, 1958), washed 1n dlstllled water, o S
then ‘stained. 1n a 1% solutlon df lead citrate after Venable " | Rt

: | .
drled "1In both cases. the stalns were flltered through L j

m1111pore fllters mounted on syrlnges to ensure that. they ' o

ndetr a Ze1ss EMQS bransmlssmn electron m1CI'OSCOpe thh an

Y

acceleratmg volta

of 60 kV Photographs of the sectlons *

dak th1ck base e‘star plates 6. 25 cm square

‘ o , - L,

¢) Scamung electron m1croscopy ) . B i,

Those samples be1ng prepared for scannlng electron
m1croscopy were fixed as prevmusly descrlbed ,However . .
1mmed1ate1y prior: to post flxatlon the samples were ac1d o _I E
etched in 1%, hydrochloric ac1d .aCCOI‘dlng to the’ method of - = .‘ - 5‘~;"
Budelmann Barber and West (1973) The. purpose of this . .~ P P lo
treatment was to remove. the muc0p01ysacchar1de coat. f&)nc{ L _7%1'!

covering the ep1th\elra of most marme 1nvertebrates. The

5 ! . ) , . ) . R . B ) \ L
. 4 : i 3 . ) . R PN
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. '18“' o tw,-.

[

,followmg this dehydrated to 70% ethanol 1f they were to be '

\.
The maJorlty of long tentacles COntracted on being -

_ ,i’mmersed 1n the f1xat1ve In order to overcome this

' problem certa1n samples were 1mmersed in 0 1 mM EGTA in

f11tered sea water, for 30 m1ns. pr1or to f1xat10n. ) EGTA

»,15 8 ca1c1um chelatlng agent ‘which prevents regeneratlve

re lease of ca1c1um 1ons within muscle cells thus effect1ve1y
‘ &
i

'preventmg contractlon (Fdrd and Podolsky, 1970).:

The samples\ werée then freeze- dr1ed those ‘which we're
stored. in 70% ethanol being rehydrated pr1or to freeze-

-drymg To mlnlmlze ice crystal damage and to promote more,

'rapld coolmg, they were placed in’ a. quenchmg flu:.d Freon -

12 (d1chlorodlfluoromethane), ma1nta1ned Just above 1ts
melltmg pOmt of -158°¢. by liquid n1trogen. Once in the
quenchlng fluid the samplés froze and were then transferred
' . RN : .

to liquid ni;trogen and via this to a Speedivac-Pearse

‘ Tissue Drier. The ice waS' removed under. a vacuum of "

i .appronmately 0.03 Torr at -60 C for .eight hours.

The dr1ed samples were mounted On aluminium stubs mth
’s:leer conductlng palnt\\(Ladd Research Industr1es) allowed
to dry and then placed in‘an Edward's Vacuun Coatmg Unit -
(Model EIZE) and coated w1th a thin 1ayer of gold approxl-

mately 20 - 30 nm th1ck -an even coatmg be1ng ensured by

'the use of a planetary rotatlon un1t (Budelmann et al, 1973)

The coated samples were v1ewed with a Cambndge

-
e
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Stereoscan Mark 2Achann1ng Electron Mlcroscope operatlng

Vat accelerat1ng voltages from 4 5 to 10 kV Photographs ;. A

of the: spec1mens were recorded on Tr1 X f11m by a 35 mm o B . P

Exaeta,camera. o R

B "]“
3. Dlssectlons and Electrophy51olﬁgx

ca [ : ..~

o a) Preparatlon of sanmle T S i‘ . B A

In order to carry out the electrophy51olog1cal exper14‘

ments the tentacular nerve wh1ch ar1se51as a branch.from,

: :or ‘feeds 1nto the c1rcumpa111a1 nerve, must be exposed
This d1ssectlon was carrled out as follows A scallop was f;‘
'Opened by carefully separatlng the adductor muscle from o
its p01nt of attachment on the upper or right mantle.. a/i; >
small segment of the upper mantle from the anterlor s1d? | ) -;r
(rlght 51de) near ‘the ears of the valves, bearlng one or

two 1ong tentacles, a few eyes, many 'small tentacles and

the velunm, was dzssected free, and pinned onto the .dis-

- sectlng dlSh'Wlth 1nsect p1ns. An’ 1nc1ﬁ10n was made along,'{i
the c1rcumpallla1 biood vessel, wh1ch lies super1or to thei »o
c1rcumpa111a1 nerve (see F1g. 1). The-c1rcumpa111a1 nerve
is surrounded by a thick collagen sheath The'tentacular‘
nerve 1s also surrounded by a collagen sheath’ and is
embedded in the surround1ng muscle t1ssue, hence is’
extreme hard to see unless’ followed out from the circum= g
'pallial'nerve “In order to ascertaln the exact destlnatlon "‘ L ﬁﬁ
of thlS nerve it became necessary to dlSSGCt the neive as :l ,l“h”- -

far as p0551b1e,to rts perlphery. " This was facrlltatedAln:'-'/. UL

N - « .. . . > ' - s
AR ' ' . . . . i

~i. . . . i
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the dr’titial stag’e oval of the collagen and muscle by
, " enzymatlc dlgestlon The method employed was 'a mod1f1ed

method ‘'of that used by Ro;kmd Portales and C1d (1974) to

‘separate out rat liver cells. A 50/50 mllxture‘o-f ‘

:. ._collagenase and hyaWSigma) ‘each tnade'up .to‘y‘.'- '
| 130 ngl/loo'ﬂﬂﬁi/ltered s'e‘au.uater was.poure'd on the
preparatmn and left for penods of up to two hours.. .Th,e |
:t'entacular nerve was then followed out from.the c1rcum-."
.palual nerve, the rema1n1ng tlssue belng dlssected away
‘ w1th d1ssect1ng needles ground to a scalpel edge

" In later experlments after the pathway of the nerve

had been eluc1dated the tissue \surroundmg the nerve yas .

removed solely with the d1ssect1ng needles. 'In' order to
N . . D

m1n1m1ze ‘the occurrence of spurious electrlcal act1v1ty due -

to. rhuecle contract_1ons and act1v1_ty- from. othe\r nerves, care
'.was taken to' ro.move' any extraneous tissue“in:'the forr_n.o'f
the short tentacles, eyes and the velum.

ALY experlments'were conducted 1n a controlled
'temperature chamber fabrlcated from lammated plexlglass
sheets The chamber was 11 S cm in diameter and was '3, S cn’
'deep ' The temperature of the chambér was controlled by sea .
' water passmg through a co11 of glass tublng Since ‘the

exper1ments were all performed in the winter months when

water temperatures seldom rose above. 4° C the system

o

s

prevented the' temperature rising above 10°C. A Zl.qpcm._; ; .

L ‘-

)

long silver’/si’lver chloride:;bath electrode was'grounded to"
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the table. A small d1ssect1ng platform f111ed w1th Sylgard
' 184 encaps lat1ng re51n (Dow Cornlng) was,mounted 1n the :
- center of the chamber. The bath was .placed on a small Lo |

l‘alsed table, wh1ch was mounted on a steel plate supported

A D ‘ .
~0n tennls ba.lls 1n order ‘to damp out v1brat1on .'I-'h'e_ L e

|
'd1ssect1ng platform was 111um1nated 1nd1rect1y from beneath [
¥ ‘!,‘
by llght reflected from a mlrror.v A trlpod ~stand supported B E {
.. a Wlld d1ssect1ng m1croscope over the dlssectmg table..

'All the apparatus on the steel plate was grounded to the_

rd.

. . ,
© . N
. - : Lt

"05C1lloscope module (see F1g 2) o .
' LA number of dlffé’rent electrodes were employ d both
for recordmg and for st1mu1at10n unt11 a. sat1sfactory type

,could be found St1mu1at1ng electrodes made from teflon R

."coated 35 gauge s11ver w1re, from whlch a, small amount of ‘ v :
" 1n5u1at10n had been remOVed were found to be sat1sfactory oL
.‘,' Recordlng electrodes made from machme drawn glass 0 : ‘

capillary tubmg and f111ed Wlth f11tered ‘sea. water, _from-
a syrlnge to wh1ch was attached a m1111pore f11ter and a :. “
' 20 gauge needle, were found to be su1tab1e. The t1p o SR
dlameter was 1n the order of 1 - 2 }lm W1th are51stance . |
'of 5 - 10 M.n. ' The electrode was held by a sﬂver/snver :
dchlor1de'\:ontact, _whlch was connected to the preamp11f1er.

b) St1mulat1on‘ L ‘, ] _ AR

- Several phys:.cal methods wereun’;p‘loyed to stlmulate | S
- the tentacles to attempt to ascertaln to what modalrty they

. I . v (AN . - ” PN .

- resp onded




‘» -;.

Electncal st1mu11 were, prov1ded by a Dev1<:e s sl ' - i

Isolated Stlmulator Type 2533. The voltage output could R '

- be varled from’( V- 100 v D.C: The duratlon of the pulse SR
o was also varlable and ranged from 0 1 msec. to one second ) .
. ( -

The st1mu1ator was elther tr1ggered ma.nually or by a.. SR "':

:Dlgltlmer Type 3290 (Devmes Ltd ) w1th a predeterm1ned

ft

\'delay synchronlsed w1th the sweep, of the osc1lloscope beam.,‘.:, -
Hyperosmotlc st1mu11 were prov1ded by crystals of .
o : ‘sodlum chlorlde placed m close pl‘OXImlt)’ to the te.ntacle -

. tip- . '_ : : '.“,v.' ot ' o l ... ‘....’ '

..a locallzed mechanlcal stlmulus, “was prov1ded by an ;

’ Two types of mechamcal st1mu11 were used The f1rst e i j[z
‘-'osc111at1ng 35 gauge sﬂver w1re. The osc111at1ons were

1

- effected by attachlng the silvet, wite to the vo1ce c01‘.l of:' Lol

| o 'an e1ght ohm Speaker whlch was powered by a Hewlett Packer. o .- T ,E
'- Square wave generator ‘the frequency of whlch was set at | | ’
l"_'.150 Hz. ' The magmtude of the st1mu1us could be altered by',' "::i';"
.\varymg the amplltude of the square' wave pulse. The : \%
: duratxon of thls st1mu1us was controlled through a relay ' |
‘f.powered by a Dev’.ce s Isolated st1mu1ator. 'I:he stlmulus |
'~.could therefore be sym;hron1sed automatrcally through the "( E{
o . Dlg1t1mer such that 1t could be admmlstered W1th a glven : i}‘!
\( _'-delay after.the beam was tr1ggered The durat1on|of the o

‘-_st1mu1us could be var1ed accordlng to the pulse w1dth set

'I ‘L . I-'
EA » e . Y
LI . R YT

' on the 1so\lated stlmulator.. The duratlon was varled

: between 20 msecs and one second. . The second mechanlcal

- . . L . ,".

LI" ~. o
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st1mulus was provxded by a stream of water d1rected by a.

_waslstapljﬁgfdf, e:dissecting dish}S‘mm"frOm.the tip“of_the{f‘L, e

' A

. polyethylene tube connected to a 5 ml syrlnge -The“tubrng, .

fentaéle; \Thgr are two d1sadvantages to thlS last method
“the flrst belng that the 1ntens1ty of the stlmulus cannot x
 be accurately gauged and the seCQnd berhg that the stlmulus - ‘ffi':“ y
is not loca11zed . .-ﬁ_ ST -‘ ‘1f;'_yﬁ fj” B ’ ,'Ef
c) Recordrng I . R ) :°.J :dg}
"'{ﬂhe recordmg electrode was 1ntroduced 1nto the nerve e Rk
N bundle V1a.a slit ‘in the collagen sheath ad]acent to’ the : BN
a - K . '3\
po1nt ‘of conJunct1on “of the tentacular and c1rcumpall1a1 R "a%ﬁ
nerves. The 51gnals were recorded d1§ferent1a11y and 5' ~J‘ ‘"ﬁﬁ
: o LA
preampllfled by a type P15 AC Preamp11f1er (Grass Instru- '1%§
ments), ampllfled on a Type 3A3 dual trdce. d1fferent1a1 -;f
2hamp11f1er wh1ch was AC coupled and d1splayed on a Type ';
(,.RM565 osc1lloscope., The oscllloscope was tr1ggered o . - ?
' ' 2
_externally by a D1g1t1mer Type 3290 (Dev1ces Ltd,) - (see-‘ i
_Flg 3) Traces were recorded on Kodak 2495 thin base : CT
estar f11m conta1ned 1n a cont1nuous recordxng camera,:~?'“ﬂ:> . .-
: _Type PCZA94N;hon Kohden Kogyo Co. Ltd.). . The f1lm\yas“_,‘ S
'developed afcord1ng to Kodak spec1f1catlons at 95°C\f0r N f;,,-' ‘:
\ P .\\‘-' N ke
o . \\\' / . .
o ‘ o ! ) |
4 “ i W .
' 9 . - ,‘ ': N
~ \ ' :‘ - 4‘
. . . o,
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. .
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'“ ;study was sutcessful‘

9 -

H ’ i 30- '
. \,‘f' ' Co
| RESULTS .
"11- A E!es“ " .; | . ‘.v' . o ‘ : ' ' ‘.: \ c

]
No ekperlment that was performed for the regeneratlon

Although exper1mental procedure as

“descrlbed by Butcher (1930) ‘was’ reppated, regenerat1on

could not be 1nduced . ".f S

.

-

Because the anlmals were malntalned under a var1ety

of cond;t1ons,‘and were also’ returned to: the 51te from

" stated to be’ 1mprobable.

'wh}ch they" were collected

-was p;evented by factors due to’ their’ marntenance may be

Observatlons 1nd1cated that the

‘feed1ng behavrou?‘ef the anlmals was - unaffected after

“under natural conditions.

removal of the eyesﬂ and ‘many faeces or pseudo faeces were

icollected in the depre551ons in the substrate in whlch the

an1mals were commonly found. Therefore ﬂt seems’ unllkely

'that the failure of regeneratron was caused by the lack of

.~

,food

One sample of what appeared to be ‘a partlally

N

, approximately thé ‘same in apbéarance“as the'regenerated e

eyes in the stud1es carrled out by Butcher (1930) This

sample was removed from the ears of the mantle, the .

pos1t10n at}wh1chp accord1ng to Butcher (1930) “and Dak1n.'

-~

< + v : . t '.l

This uae'the only eye that was.

the possrb111ty that _.régeneration .. -.

‘regenerated eye was obtained from an ;nd1v1dua1vmadntained
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"(192éjjithé most'rapid growth of the.eyes is supposed to

: bccur

‘ T
appeared to be very, drsorganlzed
////

/

- ’ .
//eye rather than a regeneratrng one.,"

When sectlons of this eye were exam1ned under the

o

. transmrssron electron m1croscope, the ret1na1 structure

and there 15 an, equal

It.is, notable however, that there is a. 51gn1f1cant

drfference between the sea. water temperatures at Woods

Hole and those at Salmonler Arm and Logy Bay, Newfoundland, |

’

The Optrmum growth condrtrons only occur 1n Logy Bay for

; per1ods of approxrmately 3 - 4 months wh1lst 1n WOods

Hole these temperatures are malntarned for perlods up. to

8 .mon

o,

ths (F1g 4)
v

.2.:'L‘ gvTentacles Z

in s1ze from approxlmately S mm to’ 50 mm.’

The 1ong tentacles are hlghly extens1b1e and may vary f

KU I

[l

. 'l ' ’.

Under normal

undlsturbed cond1t1ons they radrate out from the mantle

11ke the flngers of a hand (F1gs. SA and SB)

Examrnatlon of ‘the long tentacles under the b1nocu1ar B

;

.I.

dlssectlng m1croscope revealed that they bore a number of

paprliose like structures.

These . prOJECtlonS can only be

seen when the tentacles are extended

pap111ae are drsplayed as a number of tlghtly opposed

When contracted the

annu11, .which become broader to the base of the tentacle.

Exam1nat10n W1th the soann1ng electron m1croscope

]

PR __———--*"—"‘ el

g ¢

- corroborated and extended the results obtalned w1th the
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_ Flg. 6C. " Ciliated papluae.' Arrow- shows-

" of the long tentacles . o ‘
-:F1g. 6A.. Low power SEM of dlstal thlrd of ..~‘; ’
ulong tentacle show1?g many pap1llae "Arrowp
ufshows paplllae (x200). ". .

:;Flg. ‘6B. Low power v1ew of broken t1p of o
’lfthe tentecle Arrow shows papilla rad1at1ngo:‘"_"j:{{ :1 "jgﬂﬂf
f:out from tentacle Note peduncular stalk atf‘ |

fbase of paplllae (x450)

f{c111a at base of paplllae (T1ssue soaked 1n Lt-" L .
:fl 0.mM EGTA" prlor to flxatlon) (x1900) j";"f‘+?¥ ”‘fﬁi:"ffﬂ*
<:F1g. 6D;_ Cxllated paplllae.' Note cellular ,3‘;:

. '-'_'_7,6'_1

I
. Figo ' ‘65':'

-

Scann1ng electron mlcroscope photographé'
: N

. e - . . . R ’ c e - _‘:4
'..‘ ' - - ’ ." ’ ) ﬂ\. T ' ~.

llp at apex of the paplllae The d1fferencef\ e ‘ IV'VZ;y

F//pln appearance of the ep1thel1a of 6C and E

T'Q.iof the, former (x1827)

¥
SR . . . . ) ;,-.‘- i ":"-.' ) e !.)ﬁ i
:F1g. GE ngh power V1ew of pap111a show1ngl{'.pgv;gﬁuf, » gt

'_Lﬂbage Paplllae have been replaced by padS 'rii'Al"}:vi'iii-.Lﬁé
"i:of c1lzated cells (xSOOO) _ LJKA C ;.‘7,§1f 'ju“},'f:"%h

from’ 6D is due .to the prolonged ac1d etchlng."”. ,i-j”t’-({

Fig. 6F.: Proxlmal portlon of tentacle near,"~Qf f‘; ;.flxlj b

large number of c111a (x4750) '“4".; . ”,'gl'if'.iflif;f:,L g
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L1ght mcrographs of Epon embedded sect1ons
' .f.:, '_.:'af long: téntacle.' S;étlo;s l'p,m'thm‘k i ‘
- . L s'ta:fned w1th l% Toluldlne hblue 3t pH il 10

= Wk N e o SR pap'fll«ne“ (x690)
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FlgS. GA B €, E; and 6D and F probably reflects th amount“‘

S aenn

Py )

-40;.':‘ »:; E “..‘ o o ; ’ g- .
dlSSBCtlng mlctoecope It was conflrmed that the papjﬁlae '2...:'j' :Ef ;
were conf1ned to the dlstal th1rd of the tentacle,'a d Yhat ;'*" H-_"él ?

ithe pap111ae were very numerous there belng approxl. te?yli ."'g,h“ : .553
30/mh of tissue. o ::'Y | B .";"'- ; i fé:;
The pap111ae radlate out~ £rom the'central-cole .e '.:'t; ) ;~§i;

" the tentacle to whlch they are attached by - a narrow| .. : o . T . fi?ff
peduncular talk at thelr prox}mal end (F1g 6A) rhese“ :’ V. } ,;h,;;;
paplllae bear many c111a at the1r ap1ces. ’ ' .le,‘“: :g:;k?
The c111a arlse from a central depre551on and vary. - 7¥LH' :.{g%f
.ifrom 8 - 10 pm in 1ength (F1g 6E) The’d1fference jhﬂ"'...f~'-j u';%i%
:'appearance between the ep1thel1a of the pap1llae in. ." ffA}fi':; :‘é?

- she,proxlmal two thlrds, whlch bear numerous mu1t1 c1 1ated_

groups of cells runnlng at 90 to the long axls of th

tentacle on the aplces of the annu11 (Fxg. 6F)

nght mlcrosc0p1c exam1nat10n of thzck epon embe‘ded:7 E,{ ;:.. 1
: ,sect1ons of the tentacles, showed that the pap111a€\ o ::i"ﬂ:' :

_radlated out from ‘the. long ax1s of. the tentacle.. Thef:. ffi.;; é E
centr portlon of the tentacle is a- column of muscle a d ~\ ,:'{%'l.liﬁ%
connect1ve tlSSUe w1th1n wh{/h is contalned the tentacu ar }g;f-}  .’%5
: nerve (F:g 7A) ‘ Depend1ng upon the level at uh1ch the: ';:;4."?\k5g\g %g
s sectlon 1s cut, the d1mens10ns of the central column o . %h‘€ “5;%
:fthe tentacle are approxlmately 140 X 90 pm. " The tqta;~::3,ftlz' .E%j
s ANt |

- ., ! R




]
r

o v R N N : N ’ - + : '.' . . ’ v T ‘ ",-‘”""i
Bl T e B e
. . e i s\ ) ," .' ot S Lo .. ‘ i . - . ~ . . . N o ’I_. s 7‘..‘1‘”‘\,.
e S - Composite diagram of the:'sensory papilla, - R
S "ﬂléth,mul'tlcilla‘ted cells at base.- - " o oo oo oL ‘
.. .i."‘u
g0 kA
4
. Coe F%
[ i ‘;.\
3

e

TR,

bebdin

s
]

.

e

Lo I

. P

| R
i 7
Lol {
RN :




AR IS E ST MR s

ST = G-

I X TR

vt lilamyy, 8

. . B .l”l AL
.. . . .- = - .o
- R -, \‘ , . = 0 N ' ..@ @. . ~ . ﬂ.n R N .
- o~ .. ) . C . 3 : . o o
. — - B . » - -
\\h\‘ . Lo - . . N AL - o R e
A ®® .. S
B .o 3 ml/“//::-.........-...--.-.....‘. - ‘-
) N A S - ,
» - - B E . ..
l” . - -
R . -
i N - 9 - T
. ~ . . .
. :
- o - y -
. IR e
) i - ool o
- -
-~ .t N ~
. : . A
Lo o .
PR K . - .
) . : e - - .
. .
. ) . < .
B % “ °
. N PR SN BN ; . - N AN - - N & R
. - . ¥ . on s - . .-
- - - . - -
- . . . e—l. : . T
P T .



DI R . SR
‘ “‘ “ ‘ ‘ .. : ' 3 . : o ~,J R
SRR " : L ' ,:" R l}l , :
,M uf Transm1551on electron mlcroscope (TEM] '“f‘
]ﬂi’ montage of”h Eliiated papllla._ Arrow shows
:-:'f vc111ated sensé/?ell bearlﬁg a c111um at 1ts
, ‘f'{.*apex.‘ The §111ated ceiis are w1th1n a 3: '
. ) . P
"f;Qi’. capsule formedéby the mucous cells, and 8
RO have'a fine granular cytoplasml }Sgétipndﬁ
: Q‘fill s;alped thh uranyd acetate and lead

c1trate (x16250)
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0 column. The crllated paplllae have a length of 50 to 60 pm,'

- . ,; , ' [ 200

- mmaieva

. : C . .-45_ .
.4 . . : oo
o . . .
<

cross sectlon of the tentacle is approxlmately 300 X: 140 um,
| It ‘was found that cer‘taln of the paplllae bear c111a,

whrle others have no c111ated cells but contam cells L | S ‘

replete w1th granules (Frg. 7B) 'I‘he cells of the pap1llae

are born on a. flbrous basal 1am1na that,,1s approx1mately ' - 8

1 0 pm th1ck Thls lamina enclose§ the central muscle

| and have an average dlameter of 12.5 pm at thelr wrdest

‘pornt. The nuc1e1 of the cells are 1n the lower portlon
of their cell’ bod1es. The peduncular region may ‘be seen

2 to’contam a number of fleESE\ \In order to. clarlfy the

follomng results, a drawlng of the complete structure may

R

LT R LI
AT P

J8¢ seen in. F1g. 8.

Ll

% et .
PRI g

Results obtamed from ultrathm sectlons vrewed wrth

e = =

the transmlssmn electron mlcroscope concurred w1th those

A

obtamed vra llght and scannlng electron nucroscopy LI

e ¢
| Transverse sectrons of the’ t1ps of the 1ong tentacles show
the paplllae in 10ng1tud1na1 sect1on These: can be seen .ot
to bear c1llated cells (F1g' 9) The c1llated cells are S ' -’ \
borh w1th1n a’ capsule, whlch is appronmately 7.0 pm across '
and .20 ,.m long The capsule of cells is recessed 0. 5 }un
from the 11p of the pap111a. The 11p or rim of the pap1lla

bears a cellular prOJectron 0 125 po long The c111ated

c:ells are approxrmately 12 0 pn long, and are 0. 5}‘“‘ at -'“,. '. N |

St ke e eE LT,

thear narrowest pomt ‘and 2.75 pm at thelr w1dest p01nt

] rl"hese.dlnrensrons w111,v'ar‘y' dependlng upon “the angle at IR T

L ‘ L ':. \ )

Rl s Sty
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“Fig;.llA; Magnlflcatlon of longlq‘glnal

T sect1on of c111ated sense cell from Flg 10.7
" ‘ The prox1ma1 portlon of the cell bears m1cro-~"\“
tubules between wh1ch are mlcfove51c1es. | ,
‘Electron opaque ves1c1es occur’ at the base of _}'gﬂ;;f
. "vthe cells. Note mu1t1ve51cu1ar body (x17800)
L -.'l ‘ .. R . A ‘, . ¢
i " F | g llB‘ Ob11que TEM sectlon of the apex of
- ﬁa c111ated pap111a. More than one c111um .
o ' aTlSBS from the apex. of each cell. Mu1t1p1e fj : j}g;\”
_'roots occur, as . do septate desmosomes (x19125) o 3
~ Fi ig. 11C. TﬁM Tross sect1on at basak body |
'j' S ?:'f }lleVel Basal feet arlse from the basal bod1es. .
'at a number of dlfferent angles (x15300) %
D ﬁ - . - ’ .
RN ‘ L ‘ . ’ | v -
S B , e
PR ' s by
l‘)n ] . . . ,
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B .. S . o . v o -50 ' . ’ . i Lo . .. L 5
.which the sec—tion's were ta:en. The cells surroundmg the ‘

' 'capsule are much larger than the. c1hated cells bemg at

‘.

least'5 Pm 1n d1ameter and 20 prn long They contam

'numerous vacuoles and granules.' There are at least, two IR

supportmg cells per pap1lla.. The exterlor of the pap1lla

. s covered by mlcroyllll 2 0 pn long, whlch are. embedded

‘1n an’ electron dense substance that \15 probably a mucopoly— ;

sacchande - Co

]
&

’I'he cytoplasm of the c111ated cells is comparatlvely

,electron dense and 1s more un1form than(that of the .

L surroundmg supportmg cells. These cells contam many 5.

»

'organelles the most not1ceab1e of whlch are the c1lla at

. the aplces of the cells.' The c111a arlse from clear,ly
:’defm'ed electron dense basal bodles.’ The ‘cilia’ are

".supported ‘on a boss at the apex of the cells (Flg. 9)
- An electron dens,e basal plate 11es 0.3 pm from the dlstal
end of the cells, and- the penpheral axonemes of the c111a
-arlse from this plate.' The basal bodles g1ve Tise to - )
strlated roots, Wthh may run almost the whole 1ength of
- the cell.. In some sect1ons (Flgs. 10 and 11A) mlcrotubules
" may be seen to be closely assocmted w1th the proxxmal end
of the roots.‘° M1crove51cles are adJacent to the micro-
tubules and form electron dense granules at. the base of the
Cel} (Flg llA) Mult1ves1cular bod;es also occur in this.
«4'1atter reg1on. Other organelles are scattered throughout
the’ cytoplasm of these cells. Mltochondna are numerous

[
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. . ‘ s , g
" in the aplcal regmn of the cells (Flgs. '9‘. 11C), wh11e

long. septate desmosomes occur between adJacent cells 1n o

thls reg1on also (Flgs. 9" and.. llB) . _ o

- When exammed in cross sectlon the c111a have a normalb
axonemal complement of 9+2 m1crotubules. However none of
‘the central pa1rs of tubules in adJacent c111a have a
common allgnment.\ Transverse sectlons have demonstrat‘ed \
that there are as nany as’ f1ve c;ha per cell 1n ehe L
paplllae, and tha\t}) certa'm sect1ons basal feet are .'
attached to the basal bod1es (F1g llC) The basal feet
do not have a’ common allgnment and consequently the c111a
probably do not beat 1n a metachronal manner. : o

'\Sections towards the base of the pap111ae eluc1date

the structure of the capsule (F1g 12) Thé capsule 15=_
composed of two bundles of four or f1ve cells each cell '
-

assbcmted w1th"a supportmg or mucous cell. iz The nuc1e1

'of the c111ated cells are smaller than the nucIe1 of the"._

Al

supportmg or mucous cells and contam much dense chromatln.

The chromatm of the supportlng cell\ nuc1e1 1s more dlffuse

' than that in the c111ated cells. H;ghf? vacuolated *areas

partxally enc1rc1e the capsule. These correSpond to the L

'supportlng cells, whlch 1n the 10ng1tud1nal sectlons may

»

be seen to flank the capsule (F1g 9) - o:~ '

When tlssue that had been relaxed in EGTA prlor to

f1xat1on was exammed under the scannlng electron mlcro-r '

co oy SRS
' : Sc_Ope‘,A -ciha ,coulid‘. be.seen to arase from tvhe; _b,a_se of the' HER

T S mal
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. S, v I . " 0 ': _-‘! 0 ." E
' A8 Cross sectlon of anmu1t1c111ated S SO gi{"*
N ML WE - e
B cell showmg numerous c111a w1th‘9+2 sub 2
. i ¥ L .' .n:... " Ui g '.'4" .“ '. = o -, '. ';';}: l::,
L, R j‘ structure. . Whlte arrow denotes 51ng1e i
e S ‘Ii* &
e i R on O b g N L
E ,"'."..:.‘ F ‘S.B." 'sﬁtOf hlgh POW?I‘ TEM Of a \3
ms e .-:..«cros‘s sect1on of - a"c111um (x46375) li
G .!'; :._ ‘:“ o ‘.::. -:'-‘: ." ' .'r ,'. “,.‘::-. ‘.- .‘“", ‘.'_ ‘\ ::‘ ‘.v-‘:u :‘j' iy
Pl (I i Fig.‘--.ls Long1tud1nal sectmn of multz- S0 T
Wi . % charactensed by numeroué plgment granules, R I
) 3 e prSi ol 18
..'.', \ y i 053 .. S Ney
h'-\‘;/ . .- ._’ ,’_ ‘ . '.tl‘“ B . .,':: : E .a':‘ ;':-
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' bapillae'(Fig; 6C) -oFigures 13A and 13D are.Cross sections
of the ‘base of the paplllae contaln1ng one of these,g.
c111ated cells ' As w1th c111a of ‘the pap111a€ these cells;

ihave cilia, W1th the normal complement of 9+2 m1crotubules

PR

'and each c111um is surrounded by a r1ng gf m1crov1ll1 N ﬁ s
”prOJectlng from a cellular Tim. The c111a run between the .‘ v
paplllae towards the per1pher1 of the tentacle (F1g 13C);.

However unl1ke the c1l1a of the paplllae ‘the central -
3

‘tubules- of the*ad;acent cr11a do have a commoh al1gnment.

N
e

1Macroc1l1a have also been observed and these contaln from .

. AN N A
two to eleven c111a w1th normal axonemal complements w1th1n _ fiu“”

a s1ngle c111ary membrane (F1g l3A) These c111a may be -

.seen to ar1se from cells approxlmately lO 6 pm in dlameter
4 '.'_

'These cells contaln manyaplgment.gtanules, mltochondr1a,
e . Y ’ :

.and Golgi® apparatuses.”.‘ .

No tlssue can uneoulvocably be descr1bed as nervous
‘t1ssue, although a number of dlfferent methods were )
emplOyed to attempt to 1nvest1gate th1s pess1b1l1ty

.,However the presence of m1crotubules in’ the buse of . theu.i ‘w .
.83 R E
cells suggests that the prox1mal end of - the cells become<

) t

an axon. The éiameter of ‘the base of the cells of L Sl
N : -

approxlmately 0 35 ym 1s 51m11ar to that descrlbed for‘ ,

o

- axons in prlmary chemoreceptors (Laverack 1974) The

problem w1th determlntng whethef the tissue 15 nervous or .

4

not is..that-much of the tlssue appears Vacuolar .as one 'h,;

'_would expect nervous tlssue to’ eppear. Thls w111 have to
'. . A o - .o‘..'na
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v - . Fig. 14A.\ SBM photograph of the aplcal £ L RF o il o
A portlon of a short tentacle. Whlte arrow _'_'. I B P S
p N shows c11%ated pad cells on coﬁbex portlon VI N N %f} .
e e df the tentacle, black arrow s. OWS c111ated —_— e ,fﬂﬁ>' Ty :
—«\’ & F r . .8 . .'E‘;
. , o 'I . :' . s ;:I‘;
coaet p1ts an concave pOTthn of the tentacle. CTL e ) 3 '
AR ; N NI AN 1 S
T Clllatéd papldlae are arranged 1n the e ;".; R =
S B g o eXtreme tip of the tentacle (xZSO) e e i T
F g 14B SEM qf 61118ted pads of cells RN :}{-J‘ ‘Qé‘ S
j . ., I N KNCR ; ; ‘,izi" "

% (x970) s 4 ”'~%: e L ‘ff. R L ‘%Q s
' L o ity s 2
' _ F g..ldc SEM of a c1l1ated p1t. vC;lIa' S T L S B
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o, " s TR - B
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be clarlfled by h1stolog1ca1 sta1n1ng technzques.,"

v

3. Short Tentaeles L, RN y . S
Some c1llated cells have been observed on the Short

: . ¥
'.tentacles. A prellmlnary 1n§gstlgat10n of the1r structuree
uas-made. ‘The study was not extens1ve 51Lce 1t was dec1ded
‘to'cbneentrate upon~1nvest;gat1ng«the.c1l;ated cells’ of,the:
;‘long tentacles. v | I L |
The short tentacles are approx1mate1y 10 mm long when
5B).

extended (Fig. They are spatulate in shape, thelr

.ventral surface be1ng concave. and in many 1nd1v1duals]the

' d1sta1 portion of thlS surface may be darkly p1gmented
When examlned under the b1nocular d1ssect1ng m1croe-.
*scope paplllae, 51m113r to- those descr1bed on the. long .
tentacles, were observed, These ‘were conflned o the. very’
’:ﬁip‘ofithe'tentacle\and dfd‘not cover_the;d1stal/th1rd of:

" the tentacle as was'seen to occur on'the long tentacles.
More detalled examlnatlon of the t1p revealed that the

-'. pap111ae were lndeed similar. to those prev1ously descr1bed_":
(Flg. 14A) e |

z A Exam1nat1on of the ventral convex port1on of the

'tentacle revealed further crlxated structures.. The most

’ l

'common of these were found on all surfaces of the tentacles o

€ach of'wh1ch bore a tuft-of-cxlla. The C1118 were approx1~

'mately 10 Pm long. These‘%ufts of cilia resembled those'.

‘v
' ¥

found at the base of the -long tentacles.'

o .
. e . e - N

below the tlp and cpns1sted of 4. cell or a number of cells 'd,.f\
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. ' o Fig. 15A." Low power TEM photograph.of a "~ _° S
-~ ., . section of short -tentacle. The entire o
: ) . .. sufface'is covered by numerous:microvilli. .. 2
: ... . . - The section- passes' obliquely through the . . T g
o oIt o+ s topeof aciliated pad cell (x600), - .- - i)
. . , p P _‘,---_ . . .-‘ e . E ' [EPRE . b EL.,
‘g g - © ... .Fig.,  15B; Oblique. section through the <~ =" '« .- '~ i
' “ ‘.' : .“.l ..‘ o ¥ ".U’ -‘: .'- =) 4 : ’q B il e i g - ) 2 .»: . :‘.: :""'-" ! "". N E:: r.‘
S el -apexof a ciliated pad.cell (_x19?00.)‘. , W
'. - '\, : . T -, ol . e . v it . W E ol . A 'ﬂ' -
3
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The second structure cons1sted of a number bf c111ated

e

'cells that formed a p1t ip the surface of the tentacle

:The p1t lrke structures could only be observedJon the rldges

_of the ventral surface of the tentacle (F1g. 14A) e:;_gh:

'-length of c111a ar1srng from the pltS was s1mllar to those
of the c111ated tufts belng 1n the range of 8 - 10 pm -

long The dlameter,of the,plt was approxrmately O 4- 0 5 Pm

‘ Epon sections 1.0 pm thlck were - exam1ned under the

11ght m1croscope and conf1rmed certa1n of  the results

*

obtalned wlth the scann1ng electron’ mlcroscope. The tufts

'of c111a may be seen to arlse frdm a s1ngle cell (Flg 14D)

e

The dlmen51ons of these cells varred from 8 to 9- pm 1n -1'

v

d1ameter and they were approxlmately 14 pm long., Numerousi B

'c111a could be observed at the apices of these cells. 'Them“
celLs were heav;ly prgmented‘thus-obscurrng~the nucleusr'
The c111ated ce 1s that. formed the pltS were not

observed under the 11ght m1croscope

5) "Tufted" cells ‘ﬁ' ' d"L —f.“,fﬂ.'Ll~'F;f"'.

Ct o {
2 " Fig. 158 1s an electronmrcrograph of an ultrathln

l obllque sectlon through a tufted cell.‘ The sect1on passes‘

_ o —wwthrough the ce11 at the level. of t e basal bod1e5.3 The-'

. C1lra have a. normal axonemal compl ment of 9+2 mrcrotubules..

' 'Each c111um is surrounded by s number of microvilli Qf
var1ous d1ameters. The mrcrOV1lli are 2, 0 Pm long and
arlse from a shoulder around the. c111um., The cilra.arrse

ufrom the p1t formed by th1s structure.- The C11;a-heve5r
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e o . A . ,
Type II basal bodles and strlated roots. There are. many

mrtochondrla surroundlng the base of each c111ary root near

.the apex of the cell ;1 o
p b) P1t cells i ""'],; ”;:i :t L ’ n' ' -'Tf"

[
y

: The p1t is composed of more than one cell and each of -

| these cells grves rise to a number of c1lla. ?he crlra

Vare much smaller than the tufted cells and vary~between 2
. to 3 pm in d1ameter at the1r apex. Long m1crov1111 cover

_the surface of the cells form1ng a thick. array in. the '

2

central pit. ;l, o

\»a‘

The ep1dermls of the short t;gtacles is suppo{ﬁed on ,

. a basal lamrna 0 3 Vm thrck. The basal- lamlna is’ attached

. to a‘central ‘column of muscle Other cell types may. be |
obserVed 1n the ep1derm15- ﬂhese 1nc1ude large mucous

_ cells 10 0 pm wide by 11. 0 um in length contarnlng muoh
rough endoplasmlc reticulum, Golg1 apparatdses, and a. -

¢ .

‘ number of. prgment granules (F1g 15A)

~"44‘. Abdomrnal Sense Orggn

.v., The abdomrnal sense organ whlch was flTSt descr1bed
P

by the German hlstologrsts can ea511y be: obServed wrth the

naked eye belng slrghtly yellow1sh 1n colour in. contraSt

to the white of the mantle tlssue. The organ lles on an

: elevated rldge ‘of trssue, that runs’ from a p01nt of

1nsert10n 1nfer10r to the anus, to a pornt of attachment

‘have the ‘normal 9+2 complement of mrcrotubules{ ‘The cella"
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.LJF1g.716A;' Whole mount of the abdomlnal

C

,sense- organ v1ewed w1th the. b1nocu1ar dlssect1ng

m1croscope. The bulbous end of the sense organ
/
15 po1nted towards the anus, the tapered port1on

’lS or1entated towards the free edge of the

:vmantle. The sense organ 1s mounted on a’,

Ead o

.membrane (x48) SR o *~‘3:*f
g 16B. A llght m1crograph of a wax sect1on o
| of the ébdom1na1 sehﬁe organ.' Sect1on is:

a

thransverse to theﬂlong ax1s of the sense organ.
']:Arrow 1nd1cates c111a "which are commonly

ffound cover1ng~the mantle (x60) o I

;Fig.'16C;. ngh power llght mlcrograph of . the

. d1sta1 portlon of the sensory/pplthellum. Notef{“
, the length of the c111a, and the dark band at

b se of the c111a, whish repfesents the ‘basal

odies of’ the c111a (x1400] Sectlons 168 and’

¢ \_16C: $talned in Mallory Heldenheln s rapld

'process one step stazn.. Sect:ons are 7 Pm
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' 3

‘xon the left mantle. ,The pos1t10n of the'organ 15 such

) that 1t 11es at approx1mate1y n1nety degrees to. the o (5%“

', - d1rect1on of the exhalent current sea water flow. ,\'5 : )
’ The organ is a c111ated pad of t1$sue, approx1mately .
3 mm long and 0. 5 mm wrde at 1ts wrdest po1nt.. It tabers .d';ft

'ln 51ze from the ralsed bulbous port1on proxlmal to- the

-anus,, to the p01nt of attachment at the left mantle. When,,:‘

crlla may be observed_ wh1ch appear as an opalescent halo_

__,_'M 7’

'that covers the free edge 'of the’ organ (Flg 16A)

Co L .§l
' - kY v
v1ewed under the b1nocu1ar dlssect1ng mlcroscope, long S ?‘“
. ' t
!

/
Dlssectlon of the base- of the organ and 1ts surroundlng o L]
- :

Pt

’“t1ssue, demonstrated that it-was 1nnervated by the post :-t.‘i; ) ;iéfél fz
.palllal nerve and'by a number of nerves arlslng from the') . o
'.i“free edge of the mantle. ':'-'r‘
“Thick’ sectlons ofrwax and _epon embedded tissue con-"j;; 1:" e %gwu

.fxrmed the preV1ously descr1bed f1nd1ng§ The tlssue can;_;-~.'
~be d1v1ded 1nto several drfferent reglons (?1gs. 168 and ‘; o "ngf &
i‘l6C)  The total wzdth of the organ, From the densely

;stalned band of tlssue that ‘TUns around the ap1ca1 perl-

'phery, to the basal lamlna is between 125 - 130 pm. ~The .

it

TP IS P W N S STV N R E S Y SRR Bt iy
Toe TS . .

:densely'staaned aplcal band'ls on- an average 1.0 - 1.S,pmt-

. thick. -The cellular portlon of the organ cons1sts of an

‘ -aplcal reg1on w1thout nuclea, wh1ch 15 10 - 12 pm thrck
and a nuclear regron wh1ch is- 100 - 110 Hm thick. The cells

are columnar and the prev1ously descrlbed long c111a arrse ,

~

from their aprces. ' These: c111a are 60 - 70 pm long, the

A et & e

B T e PN )
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’ X pry ""‘ ! s - ;"". ‘ " 1 ! : v ’
I:‘l . ‘. . ] » "
) b el - o S o - J B )
N " I ."¢~ ‘.l\" . . "" . _6"7“‘1 ""‘.‘-. : ‘ "' . , ) v
t L 8 S ¢
o »'"J“,‘.f}"f.f[.'g ' 'FigJAl7r1””A:,_f",,~~* o ol ‘ 2
i CFi 517A; Long1tud1nal sectlon of abdom1na1 ;f %l :
[ e T sens, organ cells. Each cell bears a 51ngle ‘ |
S ' : ; , R - 3 ¢
c111um, surrounded by a double row of mlcro-f e ?' -
. i ) R . 1
f ’ .‘ '.. . " " . 3 ; » ' ’ - o " o ‘:".‘
e e '.J‘jJ-Villl;s Arrow shoWs a much enlarged cellular Co e, o
, A S Ry R T
Coo L pro;ect;on f111ed W1th vacuoles (x9600) AP | M
St '_ “'Fi g 17B"’H1gh magnlflcatlon of the apex of 'f;lﬁwﬂ,ﬁnﬁ',*‘ S
a fhe sensory eplthellum of the abdomlnal sense S i
A ﬁju.;'j':':f organ. A,mucous cell is.. flanked on elther L ,
o '{;jify 51de by a c1llated cell Multlple rodts ar15€**‘~*-ﬁﬁw'y; -
‘J“ . . i oo N
" .
K}
,n ...
Ca







'ﬁlengthlvarying; dépending'unon.whether~the measurenentsh'

e ‘ -

were taken from ‘a wax embedded sectron or an epon sectlon,'"Qi
" .the greater degree of shrlnkage occurrlng 1n wax embéaded
‘”sectlons.
.nare con51derab1y shorter and resemble those commonly

_The’cells are mqyntedqu a

' attached to the basal lamlna.‘

- could be seen.

. c111a Was also obSerVed
. size, therr d1ameter varylng from 0 8 - 1 4‘pm.,
h~the1r total length is unknown._

,15 a cellular pro;ect1bn 0. 3 - 1 0 Pm 1p length

free edge of thrs pro;ectxon.

Towards the mantle end of the organ the c1lla '°uf'

resembllng parenchyma, Wlth few nucle;, and thls 1s in turns

© e

The frbrous t1ssue 1s K "lfi

78 10 pm thlck and the basal lamlna 1s 3 - 4 p ‘thlck

h

tranSm1551on electron m1croscope.,

The f1rst type COﬂSl ed of cells that

whﬂth are flanked on elther 51de by more. numerous and

smaller ells.each bear1ng a srngﬁe c111um.;wA possrble . j

1nfermed1ate srze, and bearlng numerous U

.. [} . ire

thzrd ce 1 type of

, o TR R :.: S
The celLs w1th a 51ng1e C111um are falrly unlform 1n P

a’,

HoweVer T

At the apex of each ce11
A double

'row of mrcronllxvthat are ‘O - 2 Zepm long erlse from the
o)

. . ; .

The bro;ectlon may contaln AR

:

enlarged being approxlmately 1 Pm atToss and up to 2 s Pm S

- B 4 . . . . . yt tas .
v . L o . R ) . . . S
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! . . .
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' elaboratefmembrane whorls, and in these cases they are. much -;;Af,, -
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Eig}llsA éndflsh. Long1eud1na1 sectzon
'through the c111ary shaft of cilium fromathe
abdom1na1 sense organ show1ng the enlargement

(1

w1th1n c111ary membrane (F1g 18A x33000

LA

Flg 188 x35100)

\-'-"‘

)

‘ bedy regron of the cilia.’

LI

6 5 Each c111um 1s

A,

surrounded by e»double rbw of m1cr\/)111

(x38680)

o et

'

i

ur

+or, mucous cell surrounded by e1ght c111ated

cells (x23800)."f

of the c111az{ membranex. Arrow shows vacuoles-

F1g 18D.. Transverse sectlon of a. supportlng N

LiFL ig. 18C.‘ Transverse ~section. through the basal» :
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1n wh1ch 1s contamed a boss: from wh1ch arlses a c111um .

" dense t.h_an th'e shaft of the cilium. The length and

e

. e
Cu

.Q'>'-' . - ',_"h‘ . -7~2_ v '." ‘..'. . - ‘l

/

) 1oh‘g or "gre"ater. The cytoplasm w1th1n the pro;ectlon 1s

1ess electron dense than that, of the parent cell but

t

contams a number of saccular mclusmns..

) ..t1gh1:ly concentnc membranes also occurs in’ the m1cro,v1111. :

The citcum-apical’ pro;ectxon surrounds an, 1ndentat1cm'

at the. center of the cell whlch is 0 01 pm 1n depth and’

\

8. 17A) The. c111a have elongated basal bodles 1.1 -

1.7 PR long, which are characterlzed by tWo extremely '-'

H i

electron dense vert1ca1 bands 160 nm apart and’ correSpondlng ‘

“to the perlpherat, axonemes. ' These are connected to an
: eqpally elec‘tron-qense' bosyal plates The*f cytoplasmlc
;.rpe,ter'iall_-between the -per-ipherai axoneries is more elec_tzjaon- "
'position of ‘the‘baSal bodies 'corresponds to the densely
' stamed perlpheral band observed in "the th1ck sectlons.,
: Basal feet may also be 'seen’at the Tevel at Whlch foots |

a,

-are given off (Fig 17A]

Longxtu&nal secnons of the c111ary shafts and tlpS B
revealed that certam c111a were' sur\rounded by sac 11ke
\ .
sweumgs of numerous shapes and sxzes (Fxgs 184, and 183)

‘The cilia are normally between 200 and 250 nm in dlameter o

o except where they are swollen, 1n which case they may ﬁe

‘as much as’ threé tunes as broad The sacs on the c111a

‘. ! [

contam a mm;ber of clear or shghtly granular vacuoles

Wthh vary from 20 nm to 150 ‘nm m d1ameter. Cross sectmns‘ :

Elaboratmn 1nt0 )

¢ & e
O + ariRefes et v gy
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‘of cilia near their tips revea-'leid that'they‘ had. the norpal
9+2 axonemal m1crotubular complement and penpheral ta1ls."

The c1llary membrane, in those cilia wh&h haVe sacs, is -

od1f1ed on one side ‘into the sac, and'ls connected to the -

-
. c111ary shaft by a narrow duct. The central fibrils of a
smgle TOW of c1113 have a common or1entat1on, but the -

- central f1br1ls in parallel WS do not haVe a common -

ol "

all nment. Sectmns taken at the lével ‘of the . basal o A

e,

boda.gs showed that the c111a are ?surrounded by a double

S en taw

row of micTovilli. . ¢ . SRR R

Numerous str1ated roots whlch run- down the length of o . . ,
" the cell for a dlstance of' some 10 to 15 pm, endlng at ‘the RN
' nucleated portlon of the cells, anse from the basal C l
bod1es (F1g. 17A) There may be as ‘few as one, or as‘ manys‘ e !1
\as eight roots IJeT c:.hum.. Septate desmosomes lie between . ; !{1
“ the shoulders of the aplces of the cells (Fig. -7A) B s

Mltochondrla may be observed | 1n large numbers in the ,

e 2

non nuclear portx,on of the cells. Golgi npparatuses are
frequently present in close proximity to the’ nuc1e1 . S
(FJ.g. 17B) but 1itt1e granular endoplasmc ret1culmn is

present. Tlghtly apposed whorls -of membranes are common

e s
0 -' . .‘ . i

& throughout the cytoplasm of the cells (F1g 17A).-

Cxoss sections demonstrate that between e1ght and. .

twelve-vc’:llrated cells su/rround each mucous cell (Flg 18C) N B i

| The mucous cells are larger th_an the c111ated cells belng B . [;;.:

2 6 to 5.0 Pm in dn.ameter, but havmg .an aplcal d1ameter“ :

Yo

dof.  iteies i e
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in s1ze between othe mucous and smgle c111ated cells, \ -

" of 2 0 f‘""' ) Long:,tudmal sectlons show that the upper S pm

:of the cells usually contams a numberx of clear vacuoles,

‘whllst the remainder of the cell is packed w1th large

i

'electron-opaque mucous grains of various sizes up to 1-.0 pm

in "diameter.' Secreted mucous droplets occur cutside the

apex of the mucous cell The cytoplasm of th'e' ‘mucous cells'

contams much rough and Smooth endoplasm1c retlculum and

‘aro Golg1 apparatuses (F1g 178) o .

Multl ciliated cells have only been observed 1n

'

cxloss sectmns of the organ.’ These cells ar‘e 1ntermed1ate.

‘\

belng appronmately 2. 0 Fm in diameter. The c111a from ‘

~

'these cells do not. have surroundmg ‘double rows of mlcro-

.Y,

villi. but appear as a smgle clump of c111a mth no p

deflmte _spatial arrangement.ﬂ As many as - 20 ‘Toots may- be.

‘. found ifi these cells, ‘which arise from complex basal

l'bod1es whose 51ze 1s three times -that of a nermal, basal 4_

body. F1g. 18B is such a structure taken near the level

of the basal plate and is- 0.75" ]m across. - The cytoplasm‘

'of these cells is more unlformly electron dense than that

of the mucous cells. L o

oA L .
’.;‘\ . . * . R . LN ]

+'s,. Histological Sections - ...

The cﬁ'cumpalhal nerve - as has prevmusly been stated

.'ar1ses from hOth the nsceral and cerebral ganglla and rﬂns :

around the mantle rlm. Branches to’ the eyes, tentacles,.\

' and to the valum, are. given off at appropr1ate .1ntervals. .
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7 Pm h1ck transverse sect1on.

the mantle margxn. The c1rcumpall1al nerve’

>

11es 1nfjr10r to the c1rcumpall1a1 blood

vessel.

T1ssue sta1ned An Mallory He;henheln 's -

s
'
5
i
.
)
.
‘
t
-
i
’
I
f

rapid'proqess one.stbp sta1n-(x5§), Lo 5 v
“.Fig. 19B; 7 pm th1ck transverse secq;on of
mantle marg1n. Tentacular nerve arzses from
the’ circumpallial,nervea Collagen'fibres ;
‘-.from the collagen sheath around the tentacular
1, K X
-nerve Tun towards the tentacle per1pher1 (xZOO)
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" This nerve is also ihne%ve;ed“fvem_thevviseerellgangfion':
direetlyfvielthe pallial nerve et a'number of points.
‘throughout its length. ﬂThis ohsefvafdon»is eenf:ary‘te- o
that which'wae Stated'by Dakin {1910a); who'said that fhe"h f"”
palllal nerves dlrectly 1nnervated the eyes ' Fig;‘lgh is

a low power 11ght m1crograph of the mantle r1m. The circum-

pa111a1 nerve. is seen in cross-sect10na1 V1ew and'iiee L .
1mmed1ate1y below the C1Tcumpa111a1 blood vessel . The i L .f-:,:f:é
C1rcumpa111a1 nerVe is 225 pm in dlameter and is surrounded. ‘ v' , ".;G”‘ o

bY a. collagen sheath 2 pm th1ck Cell bodzes occur :f } CE 5; b
frequently and are in thelr greatest concentrat1ons at -

those p01nts where there are Junctzons of the nerves from

e1ther the per1pher1 ar the visceral gangllon via the post

palllal nerve (Figs. 193 and 20A) Cells as large as 14 Pm

in d1ameter may be seen to" give off an axon that may be as

"large as 4.0 Pm in d1ameter. Smaller cells also occur and
some of .these’ alsd g1ve rlse to axons (Flg ZOB)
The tentacular nerve -runs. in between sheets of- muscle - '~;'% @

from where it leaves the c1rcump8111a1 nerve to the txp of,l

EPPEP A A

the tentacle. At the base of ‘the tentacle the nerve is’ .l'; C
much folded and is 100 - 17§ pm in dlameter whllst at 1te

t1p the path of the nerve 15 more d1rect and the nerve is -
- some, 50 Pm smaller. ‘This nerve too'is surrqunded by'a . by
' collngenous sheath -1, 3 pm tthk At the distal portioni |
of the tentacle the nerve is supported 1n the. haemocoellc__”' B ‘&h*

{..

. . ' Coooh T O
. ,
. . .
‘ , . . ‘

Space,by a number of bridges of.coldagenlnhlch run‘to theﬁs

:
¢
a

<
-

-

ﬁ": =




.. =

- tentacular margm (F1g 20B) The tentacular nerve also

contalns a number ‘of cell bOdlES whlch are smaller than

. . . BN
P Cpem ta et s,

"those found in the c1rcumpall1a1 nerve No axons have' ’
been seen to rise from these cells and therefore 1t 15' . o T

suggested that they may be elther gllal cells or cells‘

.
.

Lt

asso<:1ated wath the collagen sheath

P

I T Lt e
e e e o
o :

6. Electrophysmlogx C

a) Hyperosmotlc st1mu11

[y

NN S S RS s,
N

Strmulr provrded by sodlum chlonde crystals proved

1neffect1ve in producmg a response. The hlgh 1ocal

- ——— > s,

osmolanty around the tentacle effectlvely destroyed the

structure of the tentacle, thus rendering 1t -unable to

et AT P A

respond to’ e1ther osmotlc or non- 5pec1f1c chemcal stlmull. '

‘ s . . DT AT
b) ¢ Mecham.cal st1mu11 oAl o - :

i

Mechamcal st1mu11 appeared to el1c1t a résponse._ L SR

'However, the amplltude of the responses was' very. small’ and

3 i
I

hard to separate from the nolse level Indeedﬁlt is hard .

to dec1de' whether’ the responses weTe artifacts or were

' genulne.

LIF R
3

of the two methods employed namely st1mulat10n by

o

:.'v1brat10n, and stlmulatlon w1th a water Jet the latter

-

'proved the most effectrve.. A p0551b1e reason for this was .
that the f1rst method only st1mu1ated 2 small- portron of :
- the’ sensory ep1thelium while the water Jet stzmulated the

e

whole tentacle. The probabrlzty that recordmgs were

. . . : . ;
'-." E‘ -4‘2‘" ‘-";E.‘.":.'-i‘.;:» 5 i e ,,.yuk',...,’“la.,‘..,-'.e.v-\:e—-m: Jﬁ«,’:ﬁ:‘
N i ST IS b iy
- - -
» M -

RN
. be1ng ‘nade from only a few f1bres, or a s1ng1e f1bre, was .
. ". . L . .#' . . N . :
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~ of the stlmulus may} only be estlmated

removed... . - 0

“the preampl1f1er were set as follows.l

", filter toh.o.',:s Hz. e g T . i s

g 21C. .

in the t;entacular ‘nerve after mechamcal

Recordmg of electrlcal actnuty Col .
™ A ’

\ S
'st1mu1at1on with a ]et of sea vater. Duratlon

!

'Fig.-21D. Repeat of ;;19 With 'r‘ecordix‘;g éle;ctfo&_e e

" For'! a11 experments the frequency fllters on oo . u.f' .
The - I

hlgh f1lter was set to 3 kHz and the low
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Fig: 214 Electrophy51olo/g1ca~l ‘recordmg\ of o ’:

| electncal act1v1ty in the tentacular nerve - ;‘
‘after mechamcal st1mu1at1on of the tentac1e~ r
~ Duratjon of the st1m’1x1us.;s 100 nsec. | ’ :

Fi'g‘, Z1B. - Rep.eat qf ,21.4 with recox-ding eléoﬁro‘dé . .

: r‘gmov_ed.' ' St‘imuiu's flu;rati'dn,;i‘s«ls'o'o msec. - ] ”F
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,,hlgh Consequently, when usmg the more locahsed loud ) T <
‘ speaker method ﬁ\e chan‘ﬁes were gmall that the recdrdrng LT

- electrode was m, or near the axons “of the sensory R .
-~_A1 g . ) ‘v K . ." ° . .. » -}L '
structures that were belng stlmulated P T :

N “The v1brat10n method only proved effectlve when the o ) ' )
tentadle was stunulated: for a mlnlmum perlod- of‘one second . t ‘
‘However, when act1vrty occurred (Flgs.. ZlA and 213) 1t Was 3 -' -
always preceedqd b)' a deflectlon of the trace, wh1ch ma)’ 'he - N
jcaused. by movemerft of the tentacle.“ A burst of f1r1ng ¥ : .

, S ;

. occurred on the portlon of the trace that TDSE- above the e
mean -no:.se leve]: The Splke amplltudes varled from I U o

preparatlon to preparatlon but remanned constant 1n -a. glven A

. Xn A L ST as

‘experlmental 51that10n.~ The @plltudes were between 20 and” A
. P J J 4 Y e K ,.' *T . :‘g -

“4Q - mxcrovolts. These results ‘are. comparable to. the amp11-f R

:tude of the responses ach1eved by Land (I‘96ﬁa) 1n hlS o l‘ e

‘v.physmloglcal study of the . electrOphy51olog1cal responses e

-
: recorded from thg opt1c nerve of ggg_t_e_n_. : The durz‘uon of.w : ‘ -
'.’the response was not PTY; onged‘ and cont1nued for perlods AT
) up- to 300 msec|s. . AT “: N ‘
L ‘ Us:.ng a water Jet s a: sourte of stlmulatlon was amore* Co '5,

[

Successful A trace of the response of the sense orgams R

when stmulated by thig’ means \15 shown in Fig 21(5. F1g o o

21D is a’ re‘peat of the same experment w1th the electrode P

M "' - el I '

removed from the nerve and placed on the tentacle 1n ” .--‘; Ce

.-“‘ :

T°“8hly the same’ positlon as’ when the elect«rod’e was . in: the ""." . e [i ;
L nerve.‘ The pattern of the ,response }s s1m113r to’ that oﬁ e LS
. v ! o ) ;,,‘ Kn ’,z -.‘ - "’ - X RS




ronou ced due‘to the fact that the tentacle could not be
p e G‘J . /

\,,' TN .

qff1rmlx\anchored to: the dlSh without cau51ng damage to t}

. used to estlmate the: strength of the stimulus thoug:‘thls }fq:\’»-'

' tentacle had to be rested for a per1od of, some 30 mlns. ?f"

_ ﬂep1the11um. However, the magn1tude ofzthe artrfact may be

\

1s obv1qgsly not quant1tat1ve.\ : R A N
\ e ' A . \ L \\\

s

N

between 10 PV and 3& PV The duratlon of the response was.

o T .
[ S . . R

-to 900’msecs. _‘f‘L.;_‘j~ o '3.*1 I
“ ;. \~\ B . ‘,

Th‘e\ablhty of the tentacIe to\respond to the\lifnulus .

e

dec11ned after repeated applrcat1on5 of,the water Jet over x,j

by '\ ;"-‘

.a short per1od

[ERY

The durat1on of the. response also declxned over the peridd

.
-

of repeated appllcatlon of the stlmulus.., } hif~'

In order to e11c1t the response the .t'?”jnl\“

\T T
RN T P
:“- ‘ a: . 2 \ - T '
~ the ear11er expprlment but the movement artlfact is ore . .
=L ¢ Fa
I o
. =

-:dependant on“the strength of the stlmulus, and lasted up . fff”

o.'\

.a
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f:‘ygbt' The structures of. numerous organs thought to be R

.
LA

: ) ’ ' gy ‘ \""
' c1a551Y1cat10n as sense organs has often been made by the L BT M

.

/,
/
A
Voas

Tome T ’ \.,\l' LT : \ ‘ - /

E I
B . [}

sensory have\been descrrbed in varlous spec1es of verte- L s
. 5 .- \., ‘ . ' .‘ .- . 'V.,‘.'.-]

brate and 1nvertebrate\anymals. Apart from certa1n v15ual RS
LI c 0 ™ ‘? IS S
acoust1covest1bular sys ems,\thgre is. often 11tt1e \\\\\\ ¢ TS

"o K g R
f - - N, L SRRV S
that the descr1bed structures 'te 1ndeed sensory Thelf B '~.&[y'§5\s :

W o

5

hs 51rcumstant1a1 ev 'aence of thelr partlcdlar structure,-; ‘ﬁi ﬂ,t:':, vf;;ti :
\€h81T p051t1on,-or by behav1oura1 cr:terla-‘[These"cani ;]ngi";:;"d:f"igf o
1nd1cate if- the structure Is.3 sense ‘prgan or not even S A ; :5' ”&:.
though electrophysrologlcal data 1s not avalLable..‘ui; ; : ;g;
In order for a structure to be-a funct10nal sense’;;frnlﬂi ‘ri\3;§5.153 ‘
Organ it must be located in the an1ma1 1n such\a\uay that ?; . ?;~%‘ f% ,fi\;
' sensory receptlon mlght e3511y be effected .The £E j#. L ‘gfqif B
exposure of a structure w111 suggest the type of stlmulus‘ R 2

‘to-whlch it mlght respond A c111ated sense organ located

. A , .‘ 1 . ; .
: 1n a p1t would not make a good mechano reLeptor and in 75,",' Tf\\ ¥

i

such a case 1t would be more advantageous fOr receptlon'lf .

%enwym L ,,_‘HE'QQ'.[."544”,',‘J‘
Co Wl o ' caee T

Whlle mostﬁsense organs contaln sensory cells that R “13<Q PR

' ‘o e

<. have a specxallzed structure often - bearing. c111a, there aré

e \ R 3 . ' o

,f‘unspec1allzed cells that respond to select1ve st1mu11 for v:,‘,?/.'

'the organ wer

R

\ .

e AT

PR

example the ep1the11a1 cells of the 51phon of the surf clam //[
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plsul that re n51t1ve to: touch (Mellon, 1972) 'Ap'art*

from most 1nv rtebrate Vl receptors,\and certaln other
- Sy, ™~

sense organs, the ma;onty of sensory receptor cells have

~\smne ‘sort ofi'c111ated structure (Barber, 1974]
' Though ollia\appear to play an 1mportant part 1n

tfansduct1on of- st1mu11 they need not’ be mod1f1ed and 1n

L

many sensory systems th7e clllary structure 1s 51m11ar to

N
~

that of mot11e c111a. In some systems c111ary mod1f1-"'~' :

. cat1ons may occur for example mechanoreceptors may have

1ong\ st1ff c111a (Laverack 1968) Mod1f1ed basal bodles
nay- also occur,/n example of th1s 1s the basal body of a
\ ubratlon receptor in, Leucothea, a ctenOphore, in w}uch

/

the basal body and the roots are’ thought to have beconfe

mod1f1ed 1nto a s:ngle electron dense sphere (Horndge, -

}9653, 1966) Other mod1f1cat1ons\1nc1ude the loss or

add1t1on of mlcrotubules to the axoneme of the c111um

“ Many examples of 1oss of the cent‘ral palrs of tubules ex1st

N "\ LT

'among ‘non- motlle sensory c1&1a (see Barber, l974) R

L

E j\'the nuc1e1 together w1th endoplasmlc retlculum occur in the
‘ roxxmal port1ons of the cells. ‘Permuclear Golg1 .

\apparatuses are common m sense cells\ (Coggeshall, 1971). ¥

\

| 1AL the base of the\ cells there are \few organelles although

'l‘he faxlure of the experments on \the regeneratlon of

- Va‘hous other organelles are common 1n sense organs. '-

'_mlcrotubules are common m the reglon where the axon anses(

'|‘

!

oo ‘.,4' .

M1tochondr1a occur near the d1sta1’ end of the cells whllst -/
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. extremely low for two thlrds of the year. It is 51gn1£1-a~'

.‘\\

. . | - ’ _— ",;“ . . ’ : 4 - ':. \
'.'. B T 1 VA I \}

the eyes ‘are of 1nterest because they are. 1n contrast w1th
the success of s1m11ar 1nvestrgat10ns by Butcher (1930)

As was stated 1n the materlals and methods the experl-

U \ll' . t

ments were performed 1n the same manner as those of 'I-JAif”

I

Butcher. S1nce the an1mals were malntalned under natural

cond1t10ns 1t seems 1mprobab1e that env1ronmental factors;,o

\_y‘_
Trm—

for example 11ght and lack of food were respon51b1e for T

z,l

the fallure of regenerat1on.‘ However\ as was p01nted out.

v

5 in the results, the sea temperatures 1n Newfoundland are-"

. ..

cant that when samples from the mantle r1m were examlned
hlstologlcally, degenerat1on of any of the tlssue remafn1ng h

t

after the eyes had been removed had not started A 51m11ar

‘ .‘l! YA N g

problem occurs 1n the regeneratlon of nervous tlssue 1n
the Crustacea, and Fahrenbach (1974 persn comm ) attrlbutes

the problem solely to low water temperatures.. Therefore
e

1t seems conce1vab1e that the fallure to regenerate may be

the result of the 1ow temperature cond1t10ns in local \. '
: waters. e ~.,’,7: -4'31"“ j_ '

4

. C i - .
. . [N [ o
\ ) . ' ' . ! . . »
,

HOWever, whlle Butcher was worklng on a; 51m1lar

spec1es, PectenAg;bbus borea11s, hlS descrapt1on of the"

\ Lo

“animal” 1n the text makes it unclear as to Wthh spec1es ‘he

.

1'.\ mmonly found 1n the Woods Hole reg1on‘(Abbott 1974),'

m;gellan1cus (Gme11n), and &_gopecten 1rrad1ans 1rrad1ans L

(Lamark 1819), and the Juvenlles of these two spec1es are

: . C ) . R
. I P .o . ,' . -
PRI .; . -" . \ - ' . ' Y.L . .
s “ B oo L . " : v e
P P . . .

\ ut111zed for hlS experlments., There are two callops f}uzliift

','\' E
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' 1rrad1ans 1rrad1ans has had '‘a’ number df synonyms, . ']; _‘; ﬁl;";j

E‘Aqurpecten 1rradlans (borealls)(Say) and two other

. synonyms wh1ch Gutsell 1930 stated were, Pecten 1rrad1ans'

{(Lamark) and Pecten g1bbus (Llnne) Unfortunately Pecten ‘fx

fg1bbus is also a synonym for __gopecten g1bbus (Walter,_f..;"

[

n1969) a related spec1es W1th a more southerly d1str1but1on.h§

\Butcher has further confused the problem 1n h1s 11terature SRR

¢ T el . .

r;rev1ew by dlfferentlatlng between Pecten_g1bbus borea115J

A

and Pecten 1rrad1ans. The most northerly range ~of D :"~l',f7 .fﬁh

v -.".“.‘ -.. ."‘{

‘”“A gopecten;g;bbus is North Carollna (Allen and Costello, ot ke

1972)jand,1t.rs'nat-reported to_bealndrgenous,to Woods -i," _:fl: 7@;_

e N 'Hole ‘ L o ;' -" ... "f'::';5 "\”'2' 3; \,: }i:‘f ::f; ufif”j

However, 1t shbuld be noted that Dall (1898) falled Qo If_‘:f-'”"

E to separate the more northerly form from that of F10r1da,ff”j""fjx IER O

and Jama1ca and employed Pecten4g1bbus w1th 1rrad1ans s,

'pa subspec1es for the. Florlda zone. I suspect that Butcher L n
Ty
W

'*denoted -the more northerly—specres_as a: further subsnec1e5"

“'not clearly dlstlnqt from one another.u,Argopecten K ‘.‘.;" :,. R ¢

.8, S T '
of. Pecten glbbus w1th the subspecrflc name of borealis.” ‘:.l{::' '
' The embryology and anatomy of A 1rrad1ans 1rrad1ans e
js 51m11ar to that of 'P. magellan1cus (Sastry, 1965) 1j‘{‘:.,.f. f .

Therefore a pr1or1, one would expect regeneratlon to be

“':-51mllar in related spec1es. Scarsso and Ira1d1 (1973] have‘

lfshbwn that regeneratlon of eyes in Helix. aspersa and .

4 \>=: Cryptomphallus aspersa occurred and was similar in’ both

Specles. However, Bullock and Horr1dge (1965) have stated.'




~

"that.th

: of a bay scallop | . This response wa§&sw1mm1ng away ftom a .

[} -‘_8.9- ' s

l

relat d spec es\ i BT therefore conce1vable
. ' . X \ PR '. - L .
generate ‘may be due to the fact that

a

o a dlfferent spec1e ‘was used for the exper1ments. Although

was due to 1ow wat T temperatures.

As was, dlscusse R the 1 ction,~the tentacles of

. y’_ .

B scallops have long been’ 1mpl1cated in the recept1on of

’

S\
st1mu11 both for reasons of'pos1tlon and behav1our., Ié has

., recept1on o£ tact1le\\tlmull

S

re\eently recelved support from the- study of Thomas and
\

Gruff dd)(1971}éyho demonstrated that a tabt11e as well as C

¢
. chemlcal stlmulus was requ1red to 1nduce the escape rbsponse :

l\

]

~
number of dlfferent predatory starf1sh _A tact11e st1mu1us

T .&

V-‘} ) L : N . oo : . . /

1953 Dakin, 1909 Drew 1906, 1907) Th1s theory has |

was 1nsuff1c1ent to 1nduce sw1mm1ng although 1t did cause

the scallops to W1thdraw the1r tentacles and close the -
\ . .
Valves of the1r shells. Tth suggested‘that the tentacles

B /-f

are 1ndeed n possess1on of touch receptors. o ;”-, :_L «

1

"7ﬁ'.;7 The strictural results preV19usly descr1bed show that

o
‘n

the c1llated cells at the dlstal t1ps of the long tentacles

are probably c111ated sense, organs. “The end organs are “.'
L q - \Q/, R |

lscrete ‘but promlnent structures that are well 1ocated for - ?

' h potent1a1 recept1on of\both tact11e anﬂ chem1cal ,f
‘.s‘. o A ‘.'l:;._":: Cele 1 L—*r‘ ,f - -, }
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"stinuli,. The: number of c111ated cells 15 small as are the

iare mot11e._ If they are mot11e they do not beat 1n a;

:‘ée115~themse1ves. It 15 not known whether or not the c111a

‘ metachronal fashlon,.as the basal feet and Central m1cro-

e

"tubules of adJacent c1113 do not have the common allgnment

y that would be requlre& for such a mode of Beatlnglto occur*

'the1r central tubules and 1n a11 prbbab111ty are mot1le and

~ibeat metachronally Multlple -.cilia also arrse from these

E 1nvolved 1n the movement of- mucous 1n the olfactory organs .

A 51m113r functlon is probable for the macroc111& of the ’-':'.F%a

LY

i Nt

/ .
(Glbbbns 1961) It is 1nterest1ng to note that the c111a,~ ’

wh1qh arise from-the cells at the. bases of the enJ ongans,

PR 4

-do so from cells that are much larger than the cehls of the

LAY

end organs These c111a do have ) common al1gnment of
\ Nl \

R

cells and other authors have shown that macroc111a are

)

"of certain’ Gado1d flsh (Lowe, 1974), and also in. the move-

\

‘ment of water 1n the ctenophore ‘Bero€& (Horr1dge, 1965b)

'_“‘ngng_tentacles However 1t-shou1d be noted that certaln

,.” ‘ /: )

authors con51der these macroc1lra to be degenerat1ng c111a

(Thornhrll, 1972) They have also been consrdered to be
l
sensory (Barber and erght 1969a,‘ Wllson and Westermann,
- . " Y

1957) - f o '\ ‘,.. e Co -:.14; R L

Barber (1966 1968) shoWed that ‘the basal feet of the

c111a 1n the sensory cells in the statocyst of the cephalo~

!

pod mollusc ctoEus all have a common allgnment and '

Budelmann and Wolff (personal communrcat1on) conflrmed
. ‘\ . ." N - i

',.~\\
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:number of d:fferent d,n)ctlons However 1t should be noted

‘trrue in ‘the, end organs, 1n wh1ch the basal fee‘t are h-,

1
MK
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’ T . .t v ° ' ' ‘ ‘ . .
Lo . er ) .
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that transduction of the stimulus oceu(ts-when th'e.ci.lia ,

are bent towards the:.r basal feet. If thlS 51tuat10n holds

[

_’arranged at a number of dlfferent angles to one another, :

'then the organ would be ible to” respond to st1mu11 from a-

. ' | I ’ ..

3 ‘that septate desmosomes exist between adJacent cells 1n the

" end org%n. Loewenste’hn and Kanno (1964) and Kanno and

" of t1ght Junctlons and septate desmosomes is dlfferent the

. | 1
C desmosomes suggests tha/t these too: are. 51tes of low 1nter- :

'Ito nd Loewensteln (1969) demonstrated that the pas :

" of macromolecules may be effected through an area of

l

] Loewenstem (1966) have shown that tranSport of macro- -
. molecules ‘between cells 1n DroSthﬂa sa11vary gland is

. greatly enhanced 1n the reglon of the septate desmosomes -

. ‘

. contact as small as 1 pmz of contact betWeen the cells.

te

" Furthermore Potter, Furshpan and Lennox (1966) have shown

e that tlght Junct1ons are. 51tes of low re51stance between

'squld embryo and its yolk cells. Although the structure | )

L
fact that\cytOplasmc bridges: appear to eXlSt within the

,cell res1stance. _ Smce the re51st1v1ty of cytoplasm is

Q

. 'approx1mate1y ten - t1mes lower than the membrane res1stance, .

the cable propertles of the cytOplaSm 15 such that a. poten-

.t1al df suff1c1ent magnltude cguid pass electrotomcally

. to all the cells in .the \paplllae. Although d1rect10na1

’ ;.sen51t1v1ty is lost the level of sen51t1v1ty of the organ

. . . .
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.‘and

\\ .‘A' | . ! '\ \
X , S x‘.fQZ; " X
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15 enhanced 51nce the‘st'mulatlon of one cell w111 ,

"’-generate a response an or
"number of cells in the org

Vbe summated at the sense organ

suppOr
R B

receptors
‘ ';.;the

Stl‘

i: of- magn1tude greater by the

The response therefore may
\ N o . )

AT:;jfh tentatlve, ‘the electrophy51olog1cal results

he hypothe51s that th\ end lbrgans are touch.., _<

) ' ‘ :
e1ectrophys1olog1ca1 resultS'—"Whlle the traces demon-'

r T 1

jte the 11ke1y occurrence of electrlcal actlvltx, the o

51;e at wh1ch the act1VLty is’ gene ated 1s contentlous

‘ZThe

ten

‘The

L. cer

|ten

sug

pos

one

5ti

':the

«Wet

.. impe

’ p.ark

v,
dlstal @hlrd of the long tentac es, un11ke the short

taples, is exc1u51ve1y covered by\ the c1llated paplllae

c111ated cells at the, bases of the pap111ae almost dj_?'

I

\ C
acle stlmulated by v1brat10n was t e t1p, the results

gested that the respypses are’ derlve from the t1p,
51b1y from the paplllae. \A. 51m11ar p ttern follows when

|
examlnes the results from the second echan1ca1

. \
J

stlmulus ‘to wh1ch the Eentacles best re$ponded the,

"\

er Jet was th same stlmulus used by Gutseli (1930)

h1j attempts Zp dlscover the modallty to, wh1ch the long :
e

tacles respon

d. Unfortunately the stlmulei is broad

becauSe the 'hole tentacle 1s stlmulated it becomes -

~

. . ‘- " 4,}& o
There are problems assoc1ated w1th 1nterpret1ng1

ta1n1y bear mot11e C111a : Slnce tHe only portlon of the SRR

mulus, the water Jet. It is 1nterest1ng to note that SR

0551b1e to a trlbute the resPonse to the act1 1ty of anyj%‘

icu 1ar strz:ture., Furthermore since- the magnr&ude of Q*
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'. the stmulus 15@ 1arge and causes a large movement artlfact,

'only be. solved by further study S

s

”-‘A.l,t is qoncewable that the act1v1ty that occurs may be due .

A .
to actlon p@tentlals generated by the t1p of. the electrode .

.

i .
tothhmg the membranes of the surroundmg axons, and thus

.

: generatmg s urlous actlon ]potent1als.- Thrs problem can
4

'L
‘

A55um1ng that the {)esults are due to sensory act1v1ty,
t .\l, "

the response adapts rapfdly to the st1mu1us, and repeated

, ‘."stlmulatldn w1ll eVentually e11c1t no response.‘v

te

Further-
°more lrt requu’ed ;a\perlod of - up to- half an hour for the 3
/ ° 'Lh »e, " s v e
Sens1t1\r1ty to return. Zuortes (1971) has shown-that

vertebrate touch recepto s. also’ rap1d1y adapt to a st1mu1us

of constant 1nten8/ty and that the response to the stlmulus

1s transltory Since the scallop end organs reSpoxﬂl dna

srmllar mann'er, th1s prov1des more endence to support the

theory that they are mechano receptors.~ e

" To sum up. the dlﬁ\scussmn on- the ],ong tentacles, 1t Can o
e \

A e

be stated thab three types of c111ated structure or cell

@ - \

may b‘e seen to occur in the eplthella of the long tentacles. s “

e - £
Qf these three one 1s a dlscrete c111ated structure or

papllla._ Large numbers of these paplllae occur on the

chstal thlrd of the lbng tentacles. ‘The structure of
these paplllae has been descnbed and when cons1dered m
conjunctlon Wlth thelr locatlon the ev1dence suggests that

they are c111ated sense oggans. ~E1ectrnphysmlngrc,l

o TNIRT L
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studms performed on the pap111ae of the‘ long tentacles, ‘ .-
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whlle prellmlnaryl telntat1vely suggest that thep‘a'p'illae‘ CRLR N B

. may be receptors, and that they may reSpond to mechamcal SR

e . * e < N
\ ‘. BT . T 1 . S o . '~ EE T
N st1mu11.', A S ‘ o

L PR . ol s
1

The posnronal and structural factors already des- R

x . v
By

cr1bed are also true for the other sense organs. Of the

: structures descrlbed for the short; tentacles one i's the |
same as found ‘on the long tentacles, the other, the . s
ulrated cells in. the p1t are unlque to the short | |
tentacles. ThlS‘ latter structure' 15 slmllar to/the o

proposed\ chemo receptors found on the tentacles of the . ‘._,"'

: cockle Cardlum by Barber and anht (1969b) Thomas and ’
Gruffydd (1971) showed that a .chemlcal st1mulus was '
essent1a1 to 1nduce the escape respons'e'and\ s '

v that these c1lrated organs are respo ‘ |
th1s response. N i i |
. The abdomrnal sense 9rgan poses ‘ nter\esnng problem.; ‘
Dakm (1910) showed that when the organ was ablated no - Ly
behanoural mod1f1cat1on occurred when the rammal )na\s ‘ } E‘e
: stlmulated w1th a: number of drfferent modahtres.t_ . The
functlons it has been ;nost commonly assumed to carry out’ | N _

B .'_°..: " are V1brat10n detectron and olfactlon. Slnce the osphrad:.um

!

X of thls mollusc 15\ d1m1nut1ve 1t J}s poss1b1e that the BEREIREY o

v

-""f‘:abdomlnal sense organ has\an olfactory functron. It m1ght

. E ; "\‘be po1nted out’ that the so called "olfactory organ" of
“““ Y ,'le .'i,".iCephalopod molluscs has presented a smxlar problem w1th |

f '_:'.yno def1n1te modallty of response hav1ng yet been determned : SR
T - Vo TR . - S :
1_.. ) - -I-‘ " ' ".“\'. : ‘ l
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(see Barber and erght 19693, A Watkmson,". 1909) The " o .
crllary modlfrcatlons 'found m the abdommal sen/se organ
remmd one of those descrlhed in the frog olfactory L -
. ‘ " ;’.\',‘."receptors (Reese, 1965)I K Furthermore the cells of the “
o S abdom1na1 sense organ appear as brpolar neurods w1th the - .‘
y c‘1lra at the1r dendntlc pOI‘th]’l much as'do the cells 1na,.~
- the frog olfactory ep1the11um. One mlght argue however : ) _.
" that the c111a are not respon51b1e for the receptlon of .

st1mu11 and thlS ‘functlon is effected by the hod1f1ed

* l

N . whorls of m:lCI'OVllll that occur at the apex of each cell A S 3

- s

SRR,

- RN Mrcrov1110Us arrays have also been shown to occur in some
. e \ . ...‘. e P
NI of the \gasteropod osphrad1a (Crlsp, 1973 Laverack 1974

R Welsch and Storch 1969) It 15 qu1te p0551b1e that the

S Y S SN e -

i abdommal sense organ subServes two: functlons that of ' LY }
| cpemoreceptlon and perha /lso *the receptlon of mechamcal 8 y;
st1mu11.' Barley and/Lraverack (1963) and Storch and Welsch ; ‘ o ‘
’ - (1969) have shown that the OSphradlum o%‘some marme ' ~." R ;3 o
‘ }’\ gasteropods respond, to osmotr:c as wel\l as to mechanrcal WV R
0 . o
' ’ st1mu11. HoweVer 1t has been suggested that the means by st
| " whrch mechamcal stmulatlon is effected 1s due to a
dlstortzon of the ce11 membr@e and that the method 1s f".- u":‘
smllar when osmotlc st1mu11 occurs - ThlS hypothe51s gl " o ; \
" supported by ph)z51olog;cal e‘vr.de‘nce as,Ottoson (1965) has"‘;;‘v‘ é :
' - demonstrated that act1v1ty 1n the frqg musole splndle can:‘,‘.. ;
.,' be alter}ed by osmoflc st1mu11 actlng “on the sensorr bulbs ‘ ; ‘
‘. ’ of the splndle. " " . - L e 3 '
o U R ‘_" S . DQ -": PR L ; l'l,\ ;" !’ % :
S 3 3 . ' . i
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The follow:mg hypotheses are therefore suggested for
. ’ L c
S 'the functlon of the abdomlna]jv‘sense organ. There are two, R,
v p0551b1e functlons, the fz.rst beg.ng chemosensory,, the o e
e [ . s o o
'second bemg mechan1ca1 : "“ N Y
1 | ',I‘he chemosensory functm&_&s possz.ble for the A) PR
o follow:mg reasons\ o The oSphradlum whlch is. commonly
'fassumed to be 2 chemoreceptor in Lanrelllbranch moilusCs 15
- B small '~ The abdomnal sense Ergan possesses both posrtrohal*'*'
) ' and structural cr1ter1a hecessary for -a chemoreceptor.- .
- That 1s 1t pfesents a large ,eplthellal area dlrpctly to '.7,- ,}"l
°the flow of water around the mantle. St’ruc‘tural‘ly it has .
- both ‘the c11'1a whlch occur in- many chemosens ory systems oo
and 'modlfled m1crov1111 whlch have b.een shown 1n the
o B N '.'Y .
Tme gasterOpods to be funqtlonal in. the recept:,on of BRI
- R hrmlcal st1mu11. I . g ? ‘:' ST e (f.';
.*'.' The second type of functlon that 1t mxght snbserve lS ",,
; that of a mechanoreceptor. . Hartnoll (1967‘) has shown that
. " B
. P ‘maximus; orlents in a un1d1rect10na1 current flow 1n such, o
’ ’ ( ) N j : o ‘f\ “. . » :. ’ T .
‘a. manner that then' c111ary currents are ass1sted °by the e T
t1da1 Currents.- It 1# possxbl—e that the abdommal sense O A
organ may perform th1s functmn, thus fulfllllng the i K S ,
) flmctlon proposed by the ea,rly German h1stoleglsts.,:"‘f T . ; o
Lo Although the v15ceral gangllon of the " scallop rg_h\ e T T ¥
PR - e ° et . ‘.‘ *'l " '_Ii‘ﬁf‘}j “
large, apd the mantle 1s rrchly suppI:Led w1th nerves from AU i
1t the behaV1oura1 ’mvesugatl ns have demonstrated thatf ar -i:‘s P
the sense organs cof the eyes a TR o
- R v T
~ Ny . e : S N : el
N . "gn 1. . ‘." . - . ‘. ’ 'E'
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o é:tvae abge'to tuhctfgn'as 1solated un1ts when the nerres
| 'f'connect1ng'the mantle Tim to the~gan§11oh are removed -Q;f
”-Cohsequently it has been suggested that‘the c1rcumpa111a1°"&?

' !;"nerve 1s 1n gact a much elongated ganglrjn. Cer¢a1nly tpe

.. ?

- 'h1stolog1ca1 eV1denee sUggestS th1s the structure of the .

'nq@ve 1s remlnlscent of that of the v15ceral ganglron, R P

[ '-"

\ w1th 1arge cell bodles g1V1ng rlse to axons aué/—hef

T R

e L A e eI

N ”
oy f\\presence Qf numerous smaller celIs scattered throughout
T

I o N .
fvf: :J]sl'. the bundlesrof“axons.z In tfrms of energy saved the 1nte- " v.'.‘;j

¢t gratuon of- many of the st1mu11 at the mantle r1m would be.;
o Sae R DY S N ARy
..;, {gdvantageous., A s1m1lar,.1hough more complex system has-”th, Lt

y oo R
AR . . * o -..i.

e

T
et IPUISUINP D Syt

been descrlbed 1n the cephalopod molluscs by Gra21a e1

’ 1 R ® -

(19653, 1965b).; Thrs author has shown that 1ntegra 1on of j;lﬁ': ;

tact;le strmull derived from thé C11iafed touch re eptors

in the - suckers of these molluscs, occur at large encap\"'

1

L -_':gjifsulated cell bodles that 11e 1mmedla;¢£y 1nfer1or to the . .. ]

' s ckers-" The suckers are’ connected each other by a flﬁf,‘_ﬂ,;xc BRI

. - Ll ,
. lateral nerve network and the maJorlty of 1ntegrat10n oCCurs - N
\/ e . K i . o .
L at these encapSulated cells., Thus, only extreme st1mul1,.; IR

v ."_Af whlch requrre movements of the whole anrmai would reach

the central gahglla. Slmllarly w1th the scgllop, those ;.'p‘

f

,.éx.fﬂ st1mu11 that do not requ1re movemeﬁts uf the an1ma1 as a SR
Lt \ SR

' L,C,’ whoéez may be 1ntegrated at the mantle marg1n w1th1n the

L3

C1r umpall1al herve.‘ ; . “-~;Q';4“. "

— One may only speculate on how transductlon of‘strmull ﬂiz;‘_f."“

1." '.:..,.,\,r

occurs 1n these sense organs.. In hls rev1ew &iﬁcllla 1n fﬂQL':"
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¢ b i ol
1 ,:' sense organs Barber (1974) presented -a number of alter*-v- .

: nat1ve theorles of transductlon in: mechano receptors of °'”'ﬂ
- oy S ".

"’, Wthh he suggested that the Pleqo electrlc theory and the
deformat1on theory were the most.11ke1y In the former o
a ;;~ case the mechanlsm for transdyctlon is v1a the statlc f.::

-'f o electrre currents wh1ch are genereted:on dlstdrtaon of the g

L mucopolysaccharlde f11m Whlch Lﬁ thodght to eoat the c111a ;

k2

Fukada, 1974] The deformatlon theory suggests that 1on

».
o

s : "J.' o « = e o "\' <.
s '1t— permeabrl' y is altered»on dlstortlen of the cell membrane )
?“} : by movement of the c111a., The product of th1§“15 the Pl Yy
" RS 1; 1 : & ' " - _-.
organs descrlbed:here“the epzthellum 1s completely covered e

by a mucous coat. In the end organs each un1t is’ assoc1ated

ot b K -,lI . . ’:_.'.’..'u' : b :
aps th;s has some 11;::jpz‘:-¢:.;“

ff"the st1mu11.‘.;g'“i“'- .
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The eye regenerat1on experlments carr1ed out by Y

L] .~

Butcher in 1930 were repeated on t local spec1es of

scallop/LP magellanlcus///The results Tom these exper1-ff

r.

' ments were negat1ve.€ Two reasons have been suggested to

C attempt to explarn the fallure of the;b experlments. ;The‘"
f1rs€'poss1b111ty is" that the’Spec1es ysed by Butcher wasi}
dlfferenttfrom that used 1n‘th1s series of experlments, ;-hf
and that th15 affects the re growth Seoondly, the watér
temperatures may have been too cold for regenerat1on to

. occur, credence may be glven to thls theory by the fact ": ‘

that degeneratlon-of Qhe srtes from wh1ch the eyes had been ;ft‘iffﬂ;ffi,~,”‘P

removed had not been 1n1t1ated for perlods of up to one and
one half years.; f';-g‘:'vlc_“'ﬂf-, ff;;"ff -’{{i"‘

| The structure of the long tentacles has been exten- '{s;f;’
sxvely“stud1ed They bear c111ated pap111ae wh1ch rad1ate‘ff'

out from the long axrs of the tentacle at 90 . The paplllae-:‘

occupy the d1sta1 one: thlrd bf the 1ong tentacles and are:‘~j”‘,*\:;”

numerous there belng some 30/mm of ep1the11a1 txssue.‘.'~

.A“‘ n ,
-t These paplllae may also be observed on the apex of the short
tentacles. ‘Thé paplllae are 50 to 60 Fm 1ong and are :iﬁ;.};Li“ifr

attached to a basal lamlna on the central column of the

tentacleIL amd the exterlor of them 1s covered by numerous :jg;;'”

short mlcr0V1111.' There are some 10 to 15 sensory cells DRCSI
! ‘ - e
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; per pap1lla, assocrated W1th two or more MUCOUS O - ; o . ."J;,'.f_ﬁ

iA}

T

.‘support1ng cells. ;he c111ated cells bear4ﬁ;#to flve c111a

R e A L
. P .t

| at- the1r aplces, and the baSe of each c111um 1s surrOunded

.o .
S e,

‘by. a 51ngle row of m1crov‘111.: The c111a are, :'.oﬂified '

o %
[N
e
i

'and bear the normal number of. m1crotubu1es,.' 7 per axoneme. . -

The central parr of tubules have no, common ameiit Jind <\

.
H

"-!L'

': ;adJacent c111a, therefore 1t 1s unllkely t'

'beat metachronally., The prox1mal porthns the c111ated

, §s : : '
o cells bear many mrcrotubules suggestlng that the Qases of
_‘u"these cells become axons.. However, no def1n1te 11nk has

’A'been observed between the tentacular nerve and\the paplllaeJ:fv{7f‘Yf--”

Cllrated cells occur at the base of the paplllae and

\\.

. on the proxrmal two th1rd5 of the tentacle— These c111ated,-

.\-.-

cells bear m iy c111a, whrch have a: normal axonemal comple—c-ﬂ:;f"‘

’

‘ ment of 9+2 m1crotubu1es. The central palrs of tubules

i s. f .y ' . N 1 -
R e N . ",(:

}
l
: have a common allgnment and therefore poss1bly beat 1n .a-. IR T
.". o ot . 2
}
}

| metachronal fash1on.u These cells also bear macroc111a,:‘2_5 v?: ,5.:'“.f
I . ,;... . .

-

whrch are composed of from two to fourteen 9+Z mlcrotubularvf

e substructures that are bound w1th1n a 51ng1e membrane W*th-f‘;ﬁf?mk

5 the Central tubules hav1ng a common allgnment 'f';j'"‘ B g;{f‘
Electrophys1olog1ca1 experlments were pre11m1nary, o ”fV?“ﬁ
however the mesults suggested that the tentacle t1p ff,l:ffgzl;; '

N

responded to mechan1cal st1mu11. Due to the nature ofbthégj _,f' _%{‘ Ti'

~st1mu11 1t was not p0551b1e to determlne the exact

\\ structure from whrch the reSponse 'was der1ved 5';;i~ A;,‘*Q!f* i
o s R
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‘is_ sense organ., - Nj{‘“'l’r','lﬁf ;;.@“iﬁ'fj,].;--w

o
)

. surrounded by a. s1ng1e r1ng of m1crov1111, and have .a

]

] ) s K . . e S
. . . . o . Lol .
. . L . o R Lo . .o
. ~: e o .. s v oo ' , . L . e o
. - . S . T 5 o R , S
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B

~§hort tentacles, as well as paplllae 51mllar to those'

descrlbed on the long tentacles.A The flISt ce11 type has "' o

N\
many C111a per cell and the cells form a pad ﬂ51¢hated on

the convex portlon of the tentacle. The second type of .
o : AT I bl

. cell bears feW\\111a and the cells form a p1t 1n.the concaves
port1on of the entacle. The c1lla of both cell types are "

t .
standard 9+2 array of mlcrotubules.‘ ?he m1crov1111

surroundlng the p1t C111a are long and f111 the lumen of
¥

the p1t.. Th1s second structure has the apﬁearance of a.

.
U '
¢

The abdomlnal sense organ 1s a cxllated ped\of t1ssue

-

Af' \\some 3 mm long and 0 S mm wrde 51tuated withln the mantle

cavrty of the scallop The sensory ep1the11um 15 125 to

ettt

130 pm th1ck and rests on the basal lamina whlch 15

g ’

. .

" e

p1erced by a number of nerves from the post palllal nerve 1“
8t . .. ’
and the mantle margln. The sensory ep1the11um 1s c0mposed
: - .

of a number of c111ated cells beerlng a’ 51ng1e c111u

: s
. | WY / ..
a s1ng1e row ‘have a. common allgnment.- However th c111a of

‘, 4 ad]acenu rows do not have a common'al1gnment of the central
: tubules. A number of c1llated cells are assoclated w1th a ‘
N . .I . :” B

mucous ce11. The aplces of the c1l1a may be enlarged to

form-sacs contalned w1th1n whlqh are a number of vacuoles.ﬁ,

i

Although no- nervous t1ssue has been observed hlstolog1sts
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'-“studles be carr1ed out to elucrdate the structure of the

" workrng on the abdom1na1 sense organ of ‘the. Myt111dae have

a shown that the,baSes of the cells bec0me axonsr \\

and cell bod1es occur in i frequently ,R‘i-‘7§' o o O N &

X fwarrant the amount of t1me that would be\requlred to o

organ.i “ .Jf? 7ff:~~_j.- ﬂ@y‘”*‘”

.adequately complete the study

S b
. N

SRR PP lr’h.“ '~'{‘ ‘Iﬁ’f“.;
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€,

Ihbrlef hlstologlcal study of the nervous supply bf

the mantle margln and the tentacles demonstrated that the,
c1rcumpallla1 nerve has the appearance of a. 1arge gang11on, |

1-’ \ . Lt

i In conclu51on 1t 15 suggested that}a number of .;;ﬁu :i DN |
c111ated sense organs have been dlscovered:urtheperlpherl ; i )
i} and wrth1n the mantle.z The structure of the paplllae 1n ﬁ . l;:“f?f~
conJunctlon w1th the prellmlnary phy51olog1cal results A
suggest that they are mechanoreceptors. Further 1nvest1- f SRS | S
gatlons are. requ1red to demonstrate that‘th;re 1s a. d1rect R 'filf; G
) connectron between the pap111ae and the tentacular nerue. iii BRI
J*Further phy51olog1ca1 1nvest1gatrons of a srmllar naturel' . {t g
.l:would servexlrttle purpose as the amount of 1nformat10n ( 4 é; :
;\1éWh1Ch would be galned from th1s type of study would not i:}*f'7,r*diﬁ1ffféfﬁ3"

I,. "\:".,
It 1s suggested that further B

p1t cells of the short tentacles and the abdomlnal sense ;33t.:1a35;ﬂ"'
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