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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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" 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*

{..
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. ,
. . .
‘ , . . ‘

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

Jay

C

<
. PRI
SR AR VA e

.

ot vy,
i e

TIPS
R S

b SRR
"-“: iR it W ):' s ‘_.:

7"."%,.

i




"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

. . ¢ L - * ’ ) . N A .
’ 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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- ten

.‘and

\\ .‘A' | . ! '\ \
X , S x‘.fQZ; " X
DL ! v ‘ . ,‘ . ] . g 2\ ‘-
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*

wnr L
\‘ o s N
. . . . '
. A .
. .
5 .

S T N

e aT T

L

o

- .
e o3 P e A i S ¥ T i MR 1 0

ST P e » T ER
2 R a RS L T ..

e

S

EAatSe

e g e




i

el g T e

o ) "'.""f . L ) Lo J t’

n'.' ' ' . {» »

'. 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
L BRCTE
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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 :
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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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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
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~§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
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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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