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Stomphia"coccinea has been examined .in an_ attempt to proyide a’
. c a8

-

o

comprehen51ve 11ght (LM) and electran (FM) mlcroskip;; p1cture of an”

,the processes of up to ten types of cells. 'These nonnervous fibfes°may

anemone nervous‘system. Emph351s has. becﬁ placed 'upoh the nature of

the noﬁnervous‘eompomehts;of the subepithellal_"nerve plexus,ﬂ the

: w I : : o

question of mesogleal neurons:, and the:effcet‘of the {echnique of =

S}Udy on the.natufe of dhservatidns made.,o' _f' h _ p‘,'[" . “ \g:ﬁ'
Both the ectodetmal‘and endodermal nerve nets_are.smrroundeg hy

- ~
=] - . -

be at least nlne tlmes more numerous than the nerve f1bres,'and w1th

them form a dense subep1the11a1 "flbre plexus" erroneously 1ntenpreted

Vas,a nerve plexus 1n.prevlgus studies. In an attempt to dlscover the
o ' : i

structural and'funEtiomgl relation ofkthese cells w1th the nerve net.

©

2 d%taiied study of the'histology of the endoderm has been made, . .
hOWever,uno'indication'of'the function of any of the nonnervous fibres

-~

\,/ij been achieved. °
gALthough the ectodermal plexus is. ea511y seen on a LM level it is
'knewn‘only from the studies of von Helder (1877 1879) and from EM

1stmdy.' In place of the plexus most LM anatomlsts have descrlbed the

Y

“retlculum" as being the nervous system. EV1dence is presented that
nost of the flxatlves used in earller LM studles of anemones cause a

severe swelllng damage to the f1bres of the plexus In many*cases

'thls results in *the rupture of the f1bres and in; the scatterlng of.

-

Nthelr organelles, mak1ng the plexus 1mp0551bie to 1dent1fy,' Also, the~

o

swe111ng of the fibres plaees a mechan1ca1 stress upon the 1nterspersed

N . -

-y

»supporting—cellopeduncles, distortlng them'lnto:the-network known as .

a9 . > o

"’,.“:'
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the reticulum. 1t is not known whether such 'a fixation.artifact occurs

{n’the cndodermal plexus.
.

The endodermal plexus c ntalnb f1ve neural elements, an epithelial

-

g recepton and multlpolar, trlpolar, small b1polar, and large bipolar

A

- 8

‘neurons. ‘A1l five' elements had been dcscrlbed originally as separate

. cell tvpes, but 1eccnt stud1es have unlfled the latter three into a

o

51ngle type (Pantln, 1952; Batham et al 1960). The present study

supports thelr separatlon into dlstlnct cell types. ,\In EM study only

-

the sensory-cell axon.and the axon of one of the neurons have been
defined'by»their synaptic morphology.. Neuromuscular synapses have not»

been observed in the endoderm.

a
ES

‘The ectodermal plexus is subdivided into three zones: one. lies..in

° -

the tcntacles, oral dlSC and. pharynx, a second 1n the column that over- .

o
s
-

lies the sphlnctcr and a th1rd 1nothe pedal dlSC The column below the
level of the sphincter also contalns a sparse plexus but ;t is not
kggLn whether thlS belongs to the second or thlrd plexus. |

Seven neural clements have, been 1dent1f1éd in EM study .of 'the
ectodern,'no LM »obserVatlons have been obtalned Nerve- flbre types 1,

3, and 4 are found only in. t1e tentacle and oral dlSC, and type 2 1n

v 8

.theSe-areas and in the second plexus. Type 1 is the axon of the

c111ary -cone receptoT, . 2 and 3 are axons of neurons, and - tvPe 4 is a

<

flbre of uncertaln nature which 1nnervates the sunken ectodermal muscula—

tu%e;v Types 5 and 6 are found on1} in the columnar plexus, both appear

to be neuronal'flbres. The seventh neural element is an eplthellal

~ LA !
s

receptor found in the pedal dlSC. Nelther 1ts axon nor that of any

Q s B h.-“ _Du:.A
neuron has been found in the sparse plexus of the dlSC. LAl

°

s
e el



The mesoglea contains five cell and fibre types: the only nervous .

LY ,
clement is ectodermal type 4 (although it is found only in the mesoglca
it.is thoupht to be ectodermal since it 1nncrvate< ectodermal myscles)

The "small mesogleal cell" (Le hnssa s neurocyte and flblocyte) is.

described as being nonnervous because it does not bear synapses; however

"histochcmical study indicates that the cell may secrete catecholamlnes

n associated with ;he'ectodcrmal muscles.

. of the morphological criteria necessary for

D15cuss1on A
m,

'. R b‘\
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, have 1nf1uenced both the,formulatlon and the>1nterprefat10n of thls

‘and Te551er, 1966), the anemones have until recently appeared to have a’

Chapter 1 I ,
.> ~ S ?‘ ‘ . - -a ., ) N ' ‘ ’
..+ INWODUCTION | -

PR : A .o °

The obJective of the study which led to thlS theSJS was to descrlbe

,s & e R [3 s

the'anatomy and organlzatlon-of‘the nervous system of an'anemone.

Before beginning tﬁis report it'can be useful to quickiy deseribe some

aspects of the hlstory of- the study of act1n1an nervous systems whlch

.
S

Stu.d)’.o ] o Y »‘ A ‘,. » _ | . ‘l - .

N > “. ’ ’ e : . . - . ) e ° ¢.~ S e . - . N ' )
'“3_It,is well known that the Cn;darla constltute a 51gn1f1cant grQup
for the study of nervous systems W1th the perlodlc exceptlon of the
Porlfera they are thought to be the most prlm}tgye phylum to have a :» .
1 - o -

nenvous system that 1s composed of recogn1zab1e nerve ccils and the

presence, 1n some taxa, of systems whlch cpntaln boﬂh neurdha 2und

neur01da1 elements p0551b1y prov;des our clearest gllmpses at the

s » Lt ,"v . . =)

evolutlonary 1ncept10n of a nervous: svsten. Amongrthe Cnldarra there

nr

- are two groups, the medusae and fhe anemones, which have been of

.

partlcular 1nterest Although-they were 1n1tlally chosen\for study

prlmarlly because they were large enough to ‘be studied by the. technlquesl

» -

avallable to the ploneer cnldarlan neurophy51oioglsts both present

+

‘characterlstlcs whlch have 1nsured the1r contlnulng 1mportance in the

“study of pr1m1t1ve nefvous systems. Wh11e the medusae are the most

pr1m1t1ve anlmals tb have a centrallzed neixpus system and to have T

'sensory organs, w1th.the p0551b1e exceptlon of the Actlnullda (Swedmark o

_Jl

e ~
.

';51mp1e, stereotyped behaV1our and to bave a dlffuse nervous system

‘
con51st1ng of only a few types of neurons. rIndeed, the apparent

a .

T
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‘>-s1mpllc1t) of the anemoncs was so great that thc1r lcad1ng contemporary

\ ~

student once proposed that ]folt were p0551b1e to understand the c T

»

v :
mechanlsm of funct1on of any anlmal's nervous systcm then it was

posslblc to understand that: of the anemones (Pant n, 1952)

" This. image of 51mp11c1ty of the anemones has, hOWever‘ been L .

‘o , SR e

eroded by-recent behav1oura1 studles partlcularly those of FaZZtactts

~

and Stomphta (Rass, 1965, 1973), which 1nd1cate that the anemones can Lt

- > G

have a surpr1<1ngly tomolcx behav1our whlch exoeeds the apparent

capac1t1es of. contemporary models of the actlnian nervous system e [

.
“

Although some s1gn1f1cant advances 1n our understandlng of the actlnlan'_

¢

nervous system have recently been " made our’ p1cture is st111 1ncomp1ete
Batham, Pantln and Robson have dcmonstrated that much of the problems

» . -

and confu51on in the earlier neuroanatom1ca1 studles of anemones were

e B}

the result of st31n1ng artlfacms (Batham et al., 1961), and w1th

- s e

techn1ques which nlnzmlze these effects have developed ‘our, most complete

and accvrate pJPture of the‘actlnlan nervous system (Pant1n 1952; .

Batham et al., 1960"Robson 1961 -‘963 I965 Batham 1965). It‘would

o e

appear however °that thelr p1cture is 1ncomp1ete as’ they have not

dupllcated some obcervaxlons made 1n earller and apparently accurate

stud;es (von Helder 1879 Hertw1g and Hertwlg, l879~ Leghlssa ;949)

e
Py .

Also, neurophvs1olog1sts have recently developed technlques for recordlng}/
) /
from actlnlans brlnglng us knowledge of new conductlng Systems and modes

of organlzatlon. Unfortunately their" techﬁ1ques are 11m1ted to recording

from through conductlng systems and thus prov1de no 1nformat10n of much
. » /

of the nervous system.' - S

ThlS is the f1rst comprehen51ve electron mlcroscope (EM) study of

‘
.

.
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an act1nQan nervous gystem to be attempted As SuCh“lt can prov1dc not
only a_new level of knowledge butg by avoldlng the techn1ca1 problems:.

. S whlch .Jhave 11m1ted the 11ght m1crosc0p15ts, may prOV1de oﬁservatlons -of

9
. \

compdnents of the. nervous system that . have not prev1ously Ueen observed

u

. 'The study was 1n1t1ated to. prov1de a plcture of the neuroanatomy of the
.-: . sw1mm1ng anemone Stomphta coccznea through a correlated 11ght (LM) and ‘:.-3-
J‘X - EM study, 1n-Which: 1) the components of the nervous system are 1dent1—, .

) - fied and character1zed 2) the1r d1stribut10n is determlned and 3) T

- -
. &

observatlons are made of the pattern of synaptlc 1nteract10n betWeen

'the types of receptors, neurons, and. effectors. It is hoped that the
study w111 ultzmately prov1de a comphete plcture of the nervous system

and a pagllmlnary model of its . synaptag organlzatlon as. had been proven

' p0551b1e 1n an earller EM study of the. nervops system of a cerlanthld e
¢ T . ~»
' S (Peteya, 1973) ' However the nervous system of\§\ cocctnea has proven» g

'han was ant1c1-

. . : to bescon51derab1y more compiex and d1ff1cult to stud

pated and the present report can g1ve only a prellmlnary picture of

. . - parts of the nervpus system and almost no observatlons concernln;\zts\\\;\c

- ynapt1c organlzatlon L o e e o R

-3

In addltlon to ‘a descrlptlon of personal observatlons on the

-morphology of the nervous system of S. coceinea thls the51s 1nc1udes a

'report of some observatlons WhlGh the author‘belleves to have a per1-

pheral but 1mportant bearlngvon our “concepts of the act1n1an nervous .

o

system. These relate to. 1) the predomlnance of nonnervous flbres in

!

fthe so- called nerve plexuses ‘that have- been descrlbed in | earlier EM

v‘studles, 2) the dlscovery of a fl;;tdve 1nduced destructron of nerve ‘°'fi‘

'y ~

f1bres whlch 1nvaf1dates all reports of the ectodermal nerve net’
o LT N : o

o

e E . ' . . . ) . . . . .

o
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whlch descrlbe the ﬁxeticulum' as nehronai,.'S) observafidns of a
'," ' 'frxatlon dependent morphology of synapses which can have a strong influ-

enCe on the apparent synaptlc complex1ty of an actlnlan nervous system,

v -

- }and 4) some ideas concernlng cr1ter1a for a.hmrphologlcal rec0gn1t10n of

‘nerve cells and of synapses in. studles of primitive nervous systems.
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Chapterq 2 e ¢ -

'MATERIAL AND METHODS

Species Used

- The "detailed étudy has been nade oﬁ Stonphia coccinba'(hefeinafter

"referred to 51mply as Stomphta), for its’ 1dent1f1cat10n T hhve used the'

studles of Carlgren»(1949) and Slebert,(1973). In the case of Chaptén

S, study has been extended to use of Cer1antheopsts gmertcanus,

o

Anthopleura eleganttsstma Métrtdzum sentle, Pachycertanthus fimbrtatus

and Stomphta didemon. 'Certantheopszs were collected from St. Tereasa,

v e

7ﬂFlor1da and the others from San Juan Island Washlngton

Stomphta were collected throughout the,year by dredglng in the

ve

- San Juan Channel They were malntalned in runnlng water or in
.»closedfsystemztanks untll needed.‘ In the case of those 1n‘closed tanks
“no eninel.uas uéed:éfter four nonths. ‘All‘eninels usedbwere~$exualty
mature. and'hadAadbasaledisc5diameter of 2'cn~or.more.‘ | '
~As an 1ntroduct10n to'the morphology of Stomphia a hrlef system-
;tlc descrlptlon taken" 1n maln from Carlgren {1949), 1s presented

StomphtavcocCtnea (Mueller 1776) o _ T

Tribe o Thenerla 3 Carlgren 1899
’ Subtrihe Mesomyariac,' Stephenson 1921
¢ R - . e . ¢ -
Famlly : Actinostolidae - Carlgren501932,

]

" The basal dlSC of Stomphta is flat adhefent"and clearlyddistinctl

from the column It has well developcd c1rcu1ar and ba51lar muscles,
both ‘of which decrease in size toward the center of the dlsc., The

column is cyllndrldal, smooth and As: not d1v1ded into’ reglons. vThe
. . . . \ . R

5

-
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‘sphlncter 1s mesogleal strhng, and covers thc tentacles The circular‘
musclé'layer of the column ?s endo-mesogleal and in the: basal 2/3. of

the column it 1s we11 develpped The oral dlSC is large, c1rcular, and

K

/
bears 4— 5 cycles of’ tdntacles “The 10ng1tud1nal ectodermal muscles

Y

"of'the tentacles and d1sc are formed 1nto tubes that are sunken into

" the mesoglea. There are uSUally four cycles of - mesenterles (6+10 .16,

32) of wh1ch 16 are perfect and sterlle All but the yourigest imperfects _

' are fentlle and bear gastrlc fllaments tomphia‘hasrno acontia. The'

mesenterles bear ‘three muscle f1e1ds a dlffuse retractor,. an exception--

a11y well deVeloped parletob351lar, and a weak radlal fleld All threc
are'endodermal muscles, although it has been reported that the retractbr
15 mesogleal (Slebert, 1973) 1 flnd that only about IO/ of the mmscle .

flbres are mesogleal -A repqrt ‘of the cnidom has been glven by Slebert

e (1973 R ‘
. Techniques of Anesthes1a T < SR A

o .
. . ) AN Va
\\ N : //

Because of the 1ongstand1ng preference glven to narcotlzatlon of
anemones by MgCl2: (or MgSOu) by hlStOlOngtS, ethologlsts, and by’ phy51—

~

'>ologlsts 1 had umquestxonlngly accepted thls narcotlc for use in my

study owever, late in the study I dlscovered that magne51um narcotlza—

':tlon for 16 hrs; whlch is necessary before a Stomphza can,Ee dlssected.
.occa51ona11y produces an extreme ve51cu1at10n of sOme of the ectodermal
.neurons, the axon ‘of the c111ary-cone receptor (Fig. 77), and of some

-,mesodermal cells (F1g 41) L1m1ted tests w1th chllllng,iMnC12, Ms 222

and wxﬁh urethane have prDV1ded no sultable alternatlve to MgClz

o

‘ A}l flgures and descrlptlons in this report are taken from anlmals that

- a

a
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were narcotized in a mixture of equal parts-o?gsea‘water and 6.7% MgCl,-
6H,0. , ‘ : ) .

- . - . i . -
It -is usually qu1te dlfflcult to narcot1ze an anemone in total ex-

+4
_pans1on. Mg is a slow ~acting narcotlc and h1stolog1sts usually

1ncrease 1ts concentrab1on irfa tank slowly to av01d the ‘animal contract-
e ‘
>1ng in response to its presence (e.g. Leghlssa 1949 Batham et a1.,

1960) . These d1ff1cu1t1es can be av01ded in Stomphza by 1ntroduc1ng
. the animal to full strength narcot;c wh11e it is swimming. At the end

_of a sw1mm1ng bout there is a refractory per1od of 15 60 mins, durlng

[y . -

" which the anlmal is fully expanded and highly 1nsen51t1ve to st1mul1,

@

_by the end of this perlod the animal. is suff1c1ently narcotlzed that

. it cannot 1n1t1aq2 any behav1our. It requires considerably longer
narcotization, however, before an amimal’can be fixed or dissec*ed
-~ withodt . gross'tissue contractionl

Narcot1zat10n for 16 hrs is mecessary before an animal can:be

dJssected 1nto 1nd1v1dua1 mesenter1es. Although dlssect1on is des1rab1e

‘ 4
for f1xat1ve penetratlon, the long narcotlzatlon necessary may 1ntrodpce

artlfacts, thus pref1xat10n dlssectlons were performed only where neces-

sary, in ‘the case of flxatlon by 0sOy4 and KMnOh. In the case of flxa—

‘tion by aldehydes and most flxatlves for LM usage it was p0551ble to

fix the undlssected an1mal by perfu51on This allowed narcotlzat1on
‘to be 11m1ted to 8——10 hrs and provided tlssue in a more complete’ .

expan51on _that could be had if the anlmaLs were d1ssected prlor to

fixation. To perfuse an an1ma1 the tips of the.pr1mary and secondary

[

- tentacles were removed and the‘anlmal placed into fﬁxatlve. Fixative

\

was then p1petted down the mouth for a perlod of several mlhutes, after

3¢

N
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whlch the anlmal was transfcrred to fresh f1xat1vc and pcrfuscd agaln.

0

The anlmal could then be dlssected during f1xat10n ‘with much less

d1£f1cu1ty thanv1f it were dissected alive.

Histo]ogi'da] Methods o .
. \ ' .

More than 100 hlstologlcal technlques have been employcd in this -

o

study. Thls sectlon is therefore 11m1ted to a report of only those few .

[ . o

fixaiion, staining, and histochemical procedures that proved to be the 4
most useful. : : ‘ o -

v

" Light Microscopy oo

Classicai histology

Most of the flxatlves used for LM hlstology cause damage to,:

a

IS

_destructlon of, he ectodermal subep1the11a1 plexus. ‘As a resulT the

have been used in thls study only in my °investigation of this artlfact

The technlcal sectlon of thapter 5 prov1des !!!alls of these flxatlves.
Descrlptlon of only one technique w111 be given 1n this sect1en'

1t 1s .one of only two technlques found that glves a good v1sua11zat10n _1_

of the mesogleal cell plexus. It has been  found, that flxatlon for 5 hrs

in 3—-49 formic acxd and 0.1% 0504 1n water at 20°C. creates a metachro—
mat1c reaction to toluldlne-blue staln1ng of araldxte sections. The )

< v

result 1s an. intense staining of all ceil types in the mesoglea and

with 3% form1Cwac1d of a small number of random ce11 bodles in the'

N\
endoderm ; The technlque could not be used for whdle mounts as osmium °

>

_ darkens the t1ssde too greatly to be seen through

o °

.With these éxcept1ons mdSt of the LM study has come from 1-2 =

’ .
thlck sections. of araldlte embedded materlal that was prepared by the .

+
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fixatives used for EM study (see below) Wax—embédded material proved
\ 1I

‘useless bécause of the poor resolutxon afforded by such thick sections.

~

Macerattans .

A mod1f1ed HertW1g precedure has been used for preparat1ons of
macerated tlssue The or1g1na1 technlque (Hertw1g and Hertwig, 1879,
p.n457), using 0. 02° 0s0y, in 0.1% acetic ac1d in sea water as a f1xat1ve,
d1d not preserve a11 components of the ectodermal fibre plexus (see
Chapter 5) and is recommendcd aga1nst The author's mod1f1cat1on.nses

.a longer flxatlon 1n a hlgher*concentratlon of OSOq which prOV1des a

superlor f1xat1on but which requires a longer maceratlon and does not

1prov1de as good a d1ssoc1at1on of the tissue:

1) fix. for 12 24 hrs in 0 05/ 0sO, and O. 26 acetxc acid in sea
b
water at 20°C

- 2) maceraee for 3—4 days in. 0.2% acetic acid in sea weter at 20°C"

. y ' . .
3) dissociate and mount in 'Aquamountf (from E. Gurr).

Whole mounts -

Most parts of the body of act1n1ans are thin enough that they can

 be examlned in whole mounts Spec1f1c stalnlng of such preparations has

-

prOV1ded the maJorlty of our knowledge of the actinian nerv0us system.

<

Whole mohnts from all parts of the body (other than the sphlncter)

have been prepared for study by a varlety of procedures, 1ncLud1ng all

of the hlstochemlcal technlques llsted below Neuronal sta1n1ng,_

~

however, has been achleved only 1n preparatlons of mesenterles tha; were

‘stalned w1th “the Batham 511ver 1m€regnat10n (Batham-et al., 1960) “the

. H00d alc1an—b1ue e051ne technlque\(Wood 1963), or by a mod1f1ed '

--‘zlnc iodide- osmlum technlque (Mart%n et al., 1969)




-

_ The Batham- -silver 1mpregnat10n ‘ . ‘ ‘ ‘

1)

3)

4).

5

6)

7)

2}

‘rinse in dlstllled water e

'r1nse fbr 10 secs in d15t111ed water

-3 mlns in freshly made 5% sodlum thlosulfate

‘fix for 24——48 hrs in 3 parts satdrated aquoous picric acid.

'and 1 part stock: commercxal formaldehyde at 20 C

rinse in several changes of 70% ethanol until the leaching
of picric acxd is minimal. Durlng this rlnse the anlmal is

dissected xnto individual p1eces and tied to slides W1th

o
-

cotton thread.

[¥)

wash for 10 min in d15t111ed water

€ min in 20% AgN03 in the dark - _'

-wash in several changes of d1st111ed water

10

1mpregnate for 24—48 hrs. in freshly made 1mpregnat1ng solution -

L
~

at 35°C: o ‘ f P o . "
2'ml 1% AgNO3 in d1st111ed water
2. ml 10% pyr1d1ne in d15t111ed water
14 ml 0.2M H3BO3 .

6 ml O. OSM NazBuo 10H20

180 ml d1st111ed water . T L S

2—3 min_in 1% hydroqulnone and Sé sodlum sulphlte in dlstllled

ater

o s

rinse for 3 min 1n runnlng water “

3 10 min in 0 20 AnC13 W1th a trace. of acetlc ac1d

[

e -

3

rlnse 10 secs in d15t111éﬁ water

.place in 2° oxal1c ac1d unt11 neurons can be seen

-

I T 4
wash 10 mins . 1n runnlng water = g .

at this time 1t helps to wrap the sllde in c1garette paper to



°

kecp the tissuc flat

4

17) dehydrate slowly, clesr in methyl benzoate, s&nd imount. under

pressure.

.

Wood's aniline blue-eosine techniquc (Wood, "1963):

11

&

This technique is belitved to be a histochemical procedure for the .

localization of adrenaline and noradrenaﬁine (Wood, 1963- Wood and

s

' {
"Lentz,~1964). In the 1nvest1gator s hands, Kowever, it\appeared to be

a general sta1n stajning’ every’ type of cell that he had observed on a *

v

LM level. The _technique has been used w1thout modification except for

the concentratlon of ermaldehyde. Wood recommended nsing 4% formalde—

”hyde rather than 400, however, it was found that the latter 1nproves

‘staining 1nxen51ty. Also, changes have been made in the- ‘rinse té

accommodate the d1ssect10n ¢

-

1) fix for 24 hrs 1h fréshly mixed f1xat1ve made from:

10 parts 2.5% chr207 and 1% sodium sulfate in
0.2M acetate buf{er at pH 4. 1

. 1 part stock commercial formaldehyde -
adjust to pH 4.0—4.2 at 20°C

e

2) wash in several changes of’d1st1f1ed water for 4—8 hrs

)
[
durlﬂﬁ'whlch the an1ma1 is d1$sected and tied to slides
'.

3) stain for 1?——20 mlns 1n freshly-m1xed staln.

1 part 1% eosine Y in d1st111ed water
1. part 0.5% aniline blue in dlstllled water
1 part 0. 2M acetate buffer at pH 4. 0

- > adjust to pH40at 20°¢C .
, L :
4) the t1ssue must b& dehydrated rapldly to ‘avoid a cowplete

.

éxtraction of eosim. Best results ‘were. obtained w1th.§he

} _:'fbllowipé:schedﬁieé_ o ‘ ' . !

e
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o | .1 dip mda;n}gi water T o
e 30 secs in 95% etHanol [ . | o . o
30 'secs in 100% bthanol L, ) L
. * 3mins in a change, of 100% ethanol I .
5) clearcin Xylene, and mount undex ptessure.. ‘ R
! o ¢ ." & ';‘ . 0
< o
Zinc-iqgide- -osmium- (210) impré’gnation 0 T ’

. Although z10 has been used to.stain organelles in Hyd’ra (Elias et'- w .
al., 1972), it has not pneviously*been uged .to provide speciflc stamréa .. .
of neurons ln a cnidarian.~ Development of "\;ch a techniques is 1mportant
‘ for cn1dar1an neuroanatomists not only because 1t will prov1de a new
technique for V1suallz1ng neutons, but 1t 15 one, of the very few tech—

niques which provide the poss1b111t~y of sequential LM and EM study gf a

neuron. The technlque used. in this study'is a slight modification of’ s

one developed for cephalopods’(Martm et al. P 1969): Q °
1) fix 3-—4 hts in 4% glutaraldehyde in equal parts of sea L C
water and 6.7% Mgc12-6uéo at 4°C ' _ > .
2) yagh S mins each ‘in 3 changes ofisea water-MgCl, . ° o

[«]

3)° postfix 18 hrs in ZIO at 4°C ‘ ‘ - o

© 4) after washing, the tissue can be'mount(ed for 1M or
dehydrated and aral,d1te embedded for M. = K
’ e Preparatlon of 'the ZIO solution: . - A

° =}

, Shortly before its use prepare a solutmn of 7.5% °zinc powdera and _ to.

2.5’6,1odme.g stir well and f11ter, chill to 4° C. At the time. of flxa- ‘e
. S C L0 .. 3
tion tl{is is mixed wxﬂx 4% 050;. in dlstllled water ‘at a ratio that v_arl_es :“

£rom 1: 1 to 2:3 plus -3 parts of water. L1tt1e variation in’ frequency

of- stalned cells or of staining 1nten51ty has been seen with these ’

3

chaﬂges in reagent concentratmn. - . . T e _ s




‘not.. 51gn1f1cant1y 1mproved the!flxatlon quallty Therefore thlS tech— S

-with the buﬁfer system recommended by Martln for the ZIO medlum have

4 : . - ’ T : N ° . \
In the tentacle th1s procedure glves adequate flxatlon qua11ty of

the - mesoglea and endoderm to allow EM study, but the ectoderm is too
. 2 N [
damaged to be studled Tests wﬁxh better aldehyde preflxatlons and .

nlque has had little’ value here for EM study " of the var1at10ns
- o .

examlned the procedure descrlbed here is.. the orte whleh has prov1ded the:

T

__—Pest LM—leveI 1mpregnat;ons. R i‘ I B B ‘ A 9, ? ;

t

a

a

P%otography fbr lZght mtcrosqopy

F1gures 49 50 55 56, 57 and 58 were ‘made- on a Zelss:'Ultraphot"

o

~ with Polar01d type 55 P/N f11m at a negatlve magnlflcatlon of X 1250 to

a

R

X 1700 All other 11ght m1crographs used here were made W1th a Relchert

'Photoautomat' on a ?elchert 'Zetopan w1th Plus X fllm at a negatlve

~

magnification of X 500. - o AR

[P

cerlanthld flxatlve

—r—

"ElectronaMicroscopy\'A H' - o R » ”lﬁu4 8

0.

”Fixatzon

a, : . .

om an initial survey of f1xat1ves two were chosen for general use:

s (1973) modlflcatlon ‘of. Luft S (1971) glutaraldehyde ruthen1um
red flxatlve and saturated KMnOu 1n sea water—MgClz.A L1m1ted use was

also ‘made of Westfall s (1965) modlfled Dalton*and of Péteya s (1973)

e RS

o’

: Q s el !‘. ': : i

Cavey's f1xat1ve S sl r;';; '.a‘» e

i
T

Of the f1xat1ves examlned thlS has glven the best general flxatlon. g

o

.
-]

However 1t is’ not opt1mal for the f1bres of the ectodermal flbre

.‘plexuses, thelr morphology is flxatlve dependent and Cavey 's does not




‘allow Tecognition of'all=ty?es of.fibre5'nor identification_ofhthe

\glves excellent flxatlon of some parts of the body (e g the column _w"

synapse of‘;Ee\c111ary cone réceptor
1) f1x 4 hrs in 2° glutaraldehyde in 0. 2& sod1um cacodylate
w1th 0. 275M sucrose and O. OS ruthenlum red at’ pH 7. 3
) L LAY v
at 20° c oo e
_ . ‘ - o L e E
2) wash 15 mlns 1n 3. changes of. O.lM'cacodylate at pH 7.3

3) postflx l——2 hrs in 1——2/ Osoq 1n phosphate

P . . 7
- - T T v e '
Permanganate in sea water MgC12 e L 0 e

1 o . -

£

R "

Permanganate 15 one of the best f1xat1ves for ve51c1e bound

proteans that are’ assoc1ated9w1th catecholamlne storage and thus‘prdv1des .

PR < «

a d1fferent1at1on of neuronal ve51c1e types that is superlor to .more .

.’\‘

conventlonal f1xat1Ves‘ Thls partlcular flxatIVe was developed for use "

’as an alternate to the Rlchardson (1969) f1xat1ve : Whereas Rlchardson s

R

"ectooerm), Otner’deU§ \c se—vhe—tentarle andcoral dlsc,ectgdermL

. )' ' o'
-y 2)fwash 15 m1ns 1n 3 changes of sea water MgClz at 4-C gid

. Westfall's f1xat1ver~f”. S Fi

v’

' are very poorly f1xed Thestechnlque described here affords a relatlvely

- - . Ry . ,

"poor, but adequate, flxatlon of all parts of the body

.1) f1x 1 hr in- saturated (abdut 0 8%) KMnOu in ‘equal. parts of sea

-

L4
.o

water and 6. 7% MgClz - 6H20 at. 4°c _'_h,:.-~: ERE

3 ostflx 1 hr 1n 1% uranyl aeetate 1n sea’ water M Clz ‘at 4 C.A
P g .

Thls f1xat1ve has no clear value over other 6sm1um flxatlves, but .

I S
s ‘a popular f1xat1ve in EM studles of Cn1darxa

1) f1x 1—-2 hrs 1u 2' 050u and 1% KzCr207 in 78% sea water at ":‘f '
Cpm7.davratc. . T L
AT oy ; ;

5 - L - o



Petexg“s flxatlve o o : g e s e

o
i .

This flxatlve was developed in an EM study of the neryous system

- ,of erzantheopsis amertcanus; of ° over 20 aldehyde flxatlves exam1ned ‘ ,
\ o s, :
. thlS one was the best flxatlve for synapse and nerve morphology

.~ 0 . 1) f1x 2——4 hrs in 2%, glutaraldehyde and 2% paraformaldehyde

* A

~in 70% sea water at, pH 7.6 at 4° C
2) wash 15 m1ns 1n sea water at 4° c

3) postflx lﬁn:1n 1—-2/ OsOq 1n 0 2M Sorrenson phosphate at

- pH 7. 4, oDurlng flxatlon the solutlon “is warmed from 4° to’ 20° C.

Dehydratton, embeddzng, and speczmen preparatzon-?

All tlssue used here was- dehydrated in ethanol and embedded 1n 8

'Araldlte § Sectlons were mounted on Fo;gvar coated grlds and stalned

'w1th uranyl acetate and lead c1trate except for some of the hlStO—
e : .
'chemlcal preparatlons whlch are spec1f1ed 1n the follow1ng sectlon..?

Grlds were exam1ned in’ e1ther a Phlllps 'EM .200 or, EM 300 electron

‘o

.mlcroscope,'

b Htstochemzstry Al PRI R el T e e
B : vy :o.. R ‘

) Blogenlc amlnes are W1de1y d1str1buted among the €n1dar1a,_ and
have been hlstochemlcally 1oca112ed 1n presumptlve neurons in two .. .-

- _spec1es of anemones (Dahl et a}., 1963, Wood and Lentz 1964) : Early

in: thls study 1t.was found that catecholamlnes could be locallzed 1n

ERERY

J; several cell types,.lncludlng nervi;flbres, by EM 1eve1 Chromaffln

' techn;ques and by 1ncubat1ng anlmals in exogenous amlnes Subsequently

-a number of LM—level am1ne-h1stochem1cal technlques were°exam1ned in:

P

bdth the hope of flndlng technlquesfﬁhlch could give 2 LM—level v1sua112at10n
. ’ RV Do s : s ’
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4
Q

.of neﬁrons Although- all of these tthn1ques demonstrate amines 1n

—~
.

gland cells and some other nonnervous cells none have proven suffi--

o

16

c1ent1y sens1t1ve to 111ustrate neurons except for the Wood and WOods

technlques They are llsted here only as a record of what has ot had

.

'.C)\The'Leghlssa (1949) chromargentlc, on a M level.

[

_anY-yalpe_forvstalnlng neurqnslln th154study.

Chromaffin féactidps o : S e .
A) F1x%t10n in 2.5% KZCr207 in acetate buffér at pH ‘5. 6

-(Hlllard and Hokfelt, 1953), used only on a LM revel

" B) The Jones (1967) ChromargentIC‘ on .a LM level.-

D)iThe Wood (1963) an111ne blue- eo%lne technlque (see above ‘

“for a descrlptlon), on a LM level. ., - R

E) The WOOd chromaffln tecﬁhlque for catecholamlnes (Wood

1966), used on both a LM and EM level ‘._ '-

- ’ o°

"F) The xanthydrol technlque of L1111e (1957), ‘on a LM 1eve1.>‘

,G) The Woods (1969) technlque for cateeholamlnes, on both a.

u;._

. LM and EM level ) ,1,v o

@

:f H) Nlnhydratlon subllmatlon (Hortenberg and Bendltt 1961);

3)

‘~The 1odaff1n reacilon of Hzllard and Hokfelt (19533

B) Hakanson (1971), on a LM level

L.
©

on a-LM level.x

RS

.1) Jalm—Etcheverry and Zleher s (1968) chromaffln on a LM '

o

level. ,1_°q‘

o . Y

Argentaffln reactlons

4

' A) Fontana (1912) (as c1ted in Gray, 1954); on a LM level. ‘
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S ' ’ ' S .
'Tetrazol1um coup11ng of monoamlne ox1dase, activéted by

noradrenalfne QT by 5- hydroxytryptamlné (Chayer,_et al.,,‘

' '1969), on a LM 1eve1. o s ~¢/”//’o‘/— " :
'5) Drug-h1stochem15try _ ;--' e . o .
A) Preflxatlon 1Aeubat10n w1th noradrenallne has been used
. in ;5 attempt to 1ncrease the effectlveness.of several . Y
o of" these techniques (IB 1E, 1F 1H 11; and 4), .;; .'~‘ -
’»ﬁj Iﬁcubatiop w1t£ o~ noradrenallne or w1th metaramlnol to': ° .
modlfy ve51cle morpholog; -on_an, EM level »
. ) T . . G" - v d
e[Of these technlques only the Wood technlque (1963), descrlbedo ) ~;f

rd

above, glves a LM level vlsuallzat1on of neurons, and only ‘the tech—

nlques of Wood (1966), Woods (1969), and drug hlsxochemlstry haVe

prov&ded ‘an’ EM 1eve1 1oca112at10p of amlnes 1n sensory and nervous

fibres.

They are de$cr1bed in deta11 here . T

Wood (1966) " for- catecholamlnes*and'indolamlneéf-ﬁfQ s L;" L f - 1[ -

s

o '3.)

1)

. 2) wash overnlght in 4% éue;QSeéin O.iM_eéeodyléie'étupH_7;2 -

f1x 2——4 hrs 1n 4% glutaraldehyde in O. IM’sod1um*cacody£a%e~—~f~«u__~*_

at pH 7 2 at, 4 C ,’-”. .9"

.‘,-

at4c'
1ncubate 24 hxs in ZwS%.KZCEQ07\and11%véediﬁﬁ-éuiphate_iﬁ' 'r'

."-' p . Ty '. e .

ZM acetate at 4 C.

a) 1f pH 1is 4 1 a11 catecbolamlnes except adrenallne are
. stalned , 4 . L A}

b) 1f pH is. 7 0 a11 catecholamlnes .are mlsplaced (Wood 1963)

v

ctlons of thlS tlssue may be stalned only wlth lead C1§rate.r
. J PR “-vv' e



Woods (19690, for catedholamlnes

1)A°f1x 1 hr 1n 2 5% acroleln (added at’ use) in O.iM.NazCr207:f

,,at pH 7 0 at 0 C

N . .

-_2)2'1ncubate 1——2 hrs in 0. lM NaZCr207 unbuffered at pH 3. S-—4 0

b at 0°C

-3 the sectlbns may be sta1ned only with lead c1trate.

i . T

gIncmbatlon An metaram1nol (modlfled from Hokfelt, 1969)

1) narcotlze for 12 hrsh;

&
- 2) .remove an1ma1 to narcotlc conta1n1ng Q. 02 g metaram1nol

bltartrate/loo cc (100 ug/ml free base) The medlum 15"

s replaced with freshly made med1um every 2 hrs, to insure

- °

V.agalnst decomp051t10n of the’ metaramlnol SRR ;C\

~ ! ,\cl

3). After 9 or. mere hours' 1ncubat10n the anlmal is dlssected ﬁ”

and flxed in permanganate in sea water-MgC12 (see above for

”'de:crlptlgn).

s .
o,

Y I“C“bat““ in. cl-m-mradrena1.me cmodlfl-gd from Hokfelt, 1969) : . o

1) narcotlze for 12 hrs

5 . e

2) remove anlmal to narcotlc contalnlng, per 100 mls, 0 005 g

S

-m-noradrenallne, 0 200 g anhydrous glucose, O OZQ g

°ascorblc ac1d and 0 005 g EDTA

)

3) After 3 or more hours' 1ncubat10n the anlmal is dlssected

and flxed ‘in permanganate 1n sea water—MgClz (see above for vp‘

descrlptlon)
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Chapter .3, e L E

THE ENDODERM -

'Introduct1on LT e

The most clearly understood c0mpopent of the act1n1an nervous
' system is that part whlch 11es in the endoderm This is in part
because of the greater 1nterest that ‘the endoderm holds, 51nce 1t
.contalns the muscles that medlate the nost obvreus behaV1ours, and’in.
“.part because of the unusual technlcal dlfflcultles 1nherent in the.
bstudy of the ectodermal neural elements (see Chapter S) Although
_much is known of the endodermal nerve net from ‘the LM studies of
'rBatham (1956 1965 Batham et al.; 1960 1961), Pantln (1952) and
Robson (1961 1963 1965), the p1cture 1s st111 1ncomp1ete, and there

'has never been an EM study of the endodermal net.

In‘addltlon to reportlng some new observatlons on the nervOus.

u.system thlS chapter reports the dlscovery of a complex subep1the11a1

'plexus of flbres, on an EM level ‘1n place of the sparse nerve net
vgexpected from LM studles. Such plexuses are found in the ectoderm of

E every'anthozoan examlned by EM and ‘are Now - known in the~endoderm of

-
a

'Dendpophyllta (Kawagut1 and Yokoyama 1966) Atptasza (Amerongen, e
1personal communlcatlon), and of Stomphta (th1s the51s) There 1s,
"f”however,_no LM llterature of these plexuses other than the reports of

' von Helder (1877 1879) Evzdence w111 be presented below (se

w, o,

N

'vChapter‘S} that the ectodermal plexuses were not rediscovered untll

"h.hthe advent of’EM studles because they are destroyed durlng flxatlon by

-most of the flxatlves used in most LM studres of anemones. It rs
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,‘genera ly belleved that. the plexuses are composed primarlly or pntlrely

of: nerve.flbres (for rev1ew see Chapter 6) however analys1s of the f

ectddermal plexuses of C. amertcanus (Peteya, 1973) and of Stomphza (see -

.'(Chapter 6) and of the endodermal plexus of Stomphia (thls chapter)

‘1nd1cates that they contalbn larg%mbers of nonnervous flbres ‘.,I_fj S

»

these flndings are representatlve, a relnvestlgatlon of these 'nerve
plexuses' w111 be necessary Moreover th1s is be11eved te be the
‘ftrst report of -an aggregatlon of nonnervous tlssue that is spec1f1ca11y

assoclated with a cnldarlan nerv0us system. ‘As a start toward the

analy51s of. the plexus thls chapter 1nc1udes a report of the hlstology

e

of ‘the - entlre endoderm, 1nc1ud1ng ‘a characterlzatlon of most_ of the cell .

and flbre types wh1ch form the plexus "A 51m11ar attempt to characterlze

T'vall compcnents of the ectodermal plexuses of Stomphza (see Chapter 6)

has falled because of the greater complex1ty of these systems, thus for
RS W&nmv . K

'the present the endodermal plexus must serve as a model system.

. °
o &

fMatemal and Methods N P T

.a. ;

For M study all parts of the body have been examlned although

observation of neurons has because of technlcal 11m1tat10ns,‘come

"fexclu51ve1y from stretch preparatlons of the mesenterles. Staln1ng of

'1ga1c1an blue

.nerve cells has been achleved w1th the Batham sllver technlque, Wood's

° o

with a. 21nc 1od1de osmlum {ZIO) 1mpregnat10n. Most of

éYls descrlbed below from LM study could best be 111us-'

. thq ,non.nevrvou'
v hnlque but could also be sta1ned by almost any/
“siIVer.- , - amine technrque employed in- thls study.

F ',servatlons the stud;bof the endoderm 1s 11m1ted to those'
areas.indlcated,an»Frgure 1}, It w111 be descrlbed elsewhere (Chapter 6)

e ol " e . g . Le SRR
« N :

%



: water.

Results-

that-there are considerable problems, in‘fixation‘of the:ectodermal

_neurons for’ EM study; such. problems have not been exper1enced in study

. of the endodermal plexus and the only con51derat10n made here in

a

Judg1ng flxatlves is quallty of, f1xat1on Therefore most EM observa—

P

-vtlons have come from tlssue flxed in Cavey's or 1n permanganate in sea

-

4
o

General Htstology

Throughout most of the body both the endoderm and ectoderm of

uanemones are- organlzed as” 'eplthellomuscular eputhella. Such a
‘tissue is composed of three layers a.superflclal eplthellum, an

' 1ntermed1ate nerve net (or nerve plexus), ‘and a basal muscle layer

21

(Flg, 2) “in Stomphza there is- con51derab1e dlgre551on from thls plan

of organ1zat10n 1n ‘that ep1thel1omuscular cells lack muscle flbres in’

I

-

the endoderm Ain the" gastrlc fllaments) and 1n others (the sphlncter

) ’some areas (the ectodenm of the pharynx,'column and pedal d1sc,,and i,

and c1rcu1ars of the cqlumn and pedal dlSC, and the ectodermal muscles

the hlstology of the endoderm is relatlvely s1mp1e ‘as .can be determlned’

"and gastrlc fllaments) is composed of only 11. cell types " the: epl-

5 /, .

thel1omuscu1ar cell a gland cell the amoebocyte, a cnldoblast two

o

types-of neéurons,

. of the tentacle and oral disc) many oOr a11 of the muscle cells and the1r

vf1bres form 1nto tubes whlch are sunken 1nto the mesoglea. Nonetheless,

.by LM the endoderm throughout the body (W1th the exceptlon of the gonads

?types of prev1ously undescrlbed nonnervous cells, a redeptor “and four

g

<
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The endbdermal epztheltum is composed of the cell bodies of the
epithel1omuscu1ar cell and of a small number of gland cells; eceptors
V_and of new-cell type 1. Although there is a cons1derab1e var1at10n
in reglonal hlstology, each of these cells 1s‘f§und throughout the body
‘The cells are organlzed into a columnar eplthelium, and have an?ap1ca1
Junct1onal complex con51st1né of a band of septate desmosomes 1—3 1 )

in depth thtle has been done in this study to 1nvest1gate these
Junct:ons but they are not believed to be a dlfquIOH barrler since thef
* are permeable to. phosphotungstlc ac1d ruthen1um red and blsmuth 1od1de
(g 3. o )
The fibre plexus 1s ‘a 1ayer of flbres, 1y1ng between the epwthe11um
_Jand the muscle layer, that varies in size from 20 fibres in thlckness'
at the 1nsert10n of mesenter1es to the: column to a layer of scattered
solltary flbres in the tentacles : It 15 composed bf the nerve net and

o -

A the processes of flVe nonnervous types of cells whlch do not appear tov

. have been descrlbed prev1ously. The amoechytes Lle in ine*plpﬂd%, but

0

do - not contr1bute flbres to 1t. There are few records of the eX1stence;V
:of endodermal plexuses, and there is some questlon of thexr general i‘
7.occurrence 1n the Anthozoa slnce they appear to be lacklng in Metrtdzum -
.(Grlmstone et alh, 958 Batham, 1960)
The muche Zayer is pr1mar11y composed of ‘the contractlle procesSes

of the muscle cells 1t also contalns the cell bodles of some: muscle
chlls, the axons of the receptor and of ‘some types ‘of neurons (Robson, ¢
1963), and of . the nonnervous flbre types 2 3, 4 and 5. . The muscle

flbres are apposed to the mesoglea, and thus form a simple sheet in wh1ch

. the flbres ‘are orlented parallel to the endodefma} surface. In most.
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parts of the body the denslty of flbres is 1nc1eased by pleatlng the

o

sheet of flbres upon lamellar exten51ons of mesoglea (Fig. 2) or by

formlng the sheet 1nto cyllndcrs that are sunken 1nto the mesoglea

(F1g.p2) . The endodermal muscle flbres are organlzed 1nto about 10

functional f1elds and are respon51b1e for all behavxouxal act1v1ty in

: $tomphzq ?ther;than some aspects of tentacle_and,oral disc MGvement,

. Endodermal @&l Types

- " ¢ The epitheliomuscular cell:

© ° . -

 This is the most common type of cell in the endoderm; its presence
is integral to the organization of the endoderm into an epithelio-

muscular epitheliumu Its,horpholégy'is reasonably well known (Robaon,'
1957; Grimstone et @l., 1958) so. its.description here is limited to its.
~ relation to the nervousosystem : ' ST

Those cells whose cell bodies 11e in the ep1the11um are. polygonal

coLumnax gg]ls (Engs. 4, 5) whose 51ze depend§ on . locatlon and state oﬁ

contractlon of the tissue. The1r surface is 1rregular w1th numerous,
i

-

- 1ndentat10ns that appear to be 51tes of phagocyt051s (Flg 5) their

only prOJectlons are a number’ of m1crov11]1 and c111a. These cells are

°

“the major s1te of food adsorptlon and d1gest10n -and are character1zed

by. numerous 1ysosomes and electrqn dense ves1c1es (1600——3200 A 1n_

-

d1ameter) (Flgs.(4, S). In the ‘endoderm of ‘the Jphlncter, column,

L]

pedai di¥e, ana meseﬂterles many-of the ce 11 bodles of thls cell type
are sﬁhken into the muscle layer and are in dlrect contact w1th the;r

i’ - muscle f&bres (Flg‘ 6): Th15fpopu1at1o%aff ells does not appear to be

w - - |

. ' assoc1ated:w1th ‘food metaboltSm as they only rarely tontaln lysosomes.
. ;I' .. P

.



: sectlon below.-

k4

Each cell ‘that 11esw;n the.eplthelium bears one or more peduncles

each of whlcﬁﬂtermlnates in a'T'. Junctlon to form a single misc¢le fibre._

t'Dependlng on the degree of tlssue contractlon the peduncles are 1—5 ¥
‘>in length -and 0.3—1 w in dlameter. Un11ke any of the ﬁ;bres of’ the —

. .plexus through wh1ch they pass, the peduncles have a granular cytoplasm

contalnlng numerous m1tochondr1a, ve51cles, endoplasmic retlculum, and

small bundles of fibrils {Fxg.-?).” This. and thelr orlentatlon perpendlc-

ular to the tlssue surface d1st1ngu;ghes the peduncles from the flbres

f the plexus . » 'h: o ST

Because of the.1mportance of~the muscle system in a discussioh'of'
.

~the nervous system ‘the muscle f1bres will be descrlbed in an expanded

b ) . DR e

The and cell o ' < . -
.The’ endoderm of Stomphta contalns several classes 8} glandicells,,
A 4

“but only one is found outsxde of the gastr1c fllaments. Thls 15 a large

.the enterochromaffln cell system of hlgher phyla (V1a111; 1966).\V

s - N

eplthellal cell averaging 10 v in diameter, that is 1dent1f1ab1e byrlts

- -

lVO 7——1 5. u. dlameter ves1c1es (Flg. 8) Thls type of gland cell does not

bear a basal process, and thus does not gontrlbute to the flbre plexus,”
They are found throughout the body, but are most common on the

mesenterles in -the: area between the retractor and the free edge. As

fgseen before “in Ca?ltactts (V1alla and Casatl, 958) the ve51c1es of thls
s -cell sta1n 1ntensely 1n amlnerglc hlstochem1ca1 proced res and the

:cytoplasm shows a monoamlne ox1dase act1v1ty. On th1s b351s the d%ll

- "ﬁv

.has been termed a chromaffin cell and 15 presumed*to be h@mologous ‘to:
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In this study it has been foﬂnd that the frequency of this cell varies
among ‘animals and. appears to vary through the year- however, the seasonal

‘data necessary to verify this latter possib!11ty have not been kept

" Chidobiasta s .

" Endodermal cnidoblaSts are known in»Stomph"-only 1hvtheﬁfilaments

(Siebert -1973). 3 In the present study a singl bservation has been

o made of a cnldoblast in the endoderm of the pedal disc.. From this

-
a o

observatlon however, it 1s not p0551b1e to g1ve an 1dent1f1cat10n of

‘the type.of nemdtocyst or to describe the cell.

. Amoebocytes

<

. Th1s is" the only other’ endodernal cell type to have been descr1bed

..
.

in the recent LM 11terature except for presumpt1ve neurons. The. .

.amoebocytes are wanderxng phagocytes that are found 'in all three tlssue

I

layers In the endoderm they are always located in the plexds and

‘contrary to—prev1ous reports (Batham et al., 1961) never g1ve rise to-

T somes,»;7_. - .~_]‘

processes. Thus they do not’ contrlbute to the structure of the plexus.

The cells are usually elongated andAflattened in shape, averaglng ‘15 u
1n length 6 B 1n Wldth andg2 S u in th1ckness, thus in; sect1ons the
qells always appear to be blpolar in shape (F1g 9). The cedls are
-characterlzed by ve51c1eswthat are 2000-—3600 A in dlameter and whxch
' sta1n 1n 511ver 1mpregnat1ons (F1g. 11); on an EM level the ves1c1es
are spherIcal ‘to’ rod shaped electron dense, and e1ther dense- cored or L
h:solld (Flg. 10) dependang upon the f1xat1ve.l The amoebocyte~can also -

be 1dent1f1ed by the presence of large lysosomeS/that conta1n eosxno-

ph111c crystaIS‘ 1t is the only cell-in the plexus that contains lyso-

R " . R . . 0""



New caZZ type 1. ' C o _ ’
5 In- the’ whole moﬁ%ts‘of mesenteries in this studyOtwo types of

_ cells‘vere observed which do not correlate to any known cell type, yet
o 0
: . )
they~are'common°cells which staln 1ntense1y‘w1th most of the techniques

esed”here.‘ Wh11e 1t is possible thut some earlier descrlpt1on has heen
'overlooked it is certaxh, however, that’ neither cell has beenOdescr1bed
in any of the’ papers of Leghlssa, Batham, Pant1n, or Rohson. o .
The flrst is an ep1the11al cellothat is found in allaparts of the]
’ body,'but wh1ch is most frequent -on the mesenterles. Its cell body .
‘d. kﬁ;fhlies at the base of the ep1the11um and glves rlse to a 51ng1e Narrow
‘ proceSs to the tlssue surface and one or more basal processes into. the?
f1bre plexus (F1g. 12) “The cell and its £1bres are packed wlth fut
spherical vesicles (1006 SOOd X) that sta1n intensely w1th every
s11ver and LM- level amlne technlque used maklng thls éell type a .

~

fprOmlnent feature of the endoderm‘ On an EM level the ves1c1es may L "

o . - it o - S LT ‘

a collectxon of small dense care ves1c1es and large granular and 5011d
’

Lo 'V°51°1es: dependxng on the type of flxatlve. .""f e ,
L R “ oosT .,*‘ “{5 O - R ':'.f e
s . “New ceZZ type 2 I S A 3' *J;°,~._ ..f "'"-.,

. SR .o Thé second new cell is- a subep1the11a1 cell found in the plexus

':vthroughoux the body.’ It is characterlzed by a. populat1on of small
;r.-i ves1c1es (600—-780 A as measured by EM) that sta1n by both 511ver and

:amlne technlques.; The cells are hlghly var1ab1e in appearance (F1g 13),
M e

[ . s e e

. _ e 0
'j-ranglng In shape from spher1cal to,flbrous, and altheugh they may g1ve

4 »rise to an anastomosing wéb of‘f1bres md%y fbrm no f1bres.' Many of - the-e

“fcells“aré bf- or tr1polar and thus can be confused w1th the Smalg ) :

. ~ .
' Y . IRy L . - -~ B
LT R - o
. S . T Ty - . : =6
LR . O ) p . s L . -
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bi- and tripalar neurons descrlbed below They'are-distinct jhoweverf '
s . » .

in that the technlques used 1n thls study staln the ve51c1es of this

! -
.cell and the cytoplasm of the neurpns Also the flbres of thlS ce11
7 T

<)

are usually 1rregu1ar in d1ameter wh11e thase of the neurons havc a

regular daametér (except when prepared byvthe Batham technlque) Fhls :

-"varlatlon 1n size has allowed the fibres of thls cell but not “its

P e

cell body, to Be 1dent1f1ed on an EM 1eve1 the flbre w111 be descrlbed

beLow in the sectlon concernlng components of the plexus. :

X

Recept@r o
Previous stud1es (Hertwrg and Hertw1g, 1879 Leghlssa, 1949

,~Pant1n, 1952 Batham et al., 1960 Robson 1961 1963) have demonstrated

"a small blpolar ep1the11a1 receptor that has one to three basal axons

) that 11e in the plexus and the muscle layex. They are: found scattered
&
throughout most ‘of the body and are partlcularly numerous at the Junctlon

of the mesenterles to the oral disc, cgﬁumn and pedal dlSC 'As_;

‘ ?111ustrated bx}the plates of these papers there is con51derab1e varlatlon‘:*
in thls cell's morphology creating some - dlfflculty in 1dent1fy1ng it here.

It has been’ p0551b1e however, to 1dent1£y ‘a receptor 11ke cell in

o

maceratlons and in Z10 preparatlons (Flg 4).

As. seen here, the receptor is 10——30 u 1n length and about 1——2 u o

o e

in d1ameter in _the. dendrlte and 4——10 1 1n dlameter av the nucieus. The

> "2 o

dendrlfe bears a. 51ng1e c111um surrounded by an 1rregu1ar rlng ofﬂmlcro-

?

v1111 (Flgs. 15 16 17), occas;onally 1t also bears a small projectlon

o

whlch does not reach ‘the tlssue surface (F1gs.,14C and 17) All cells
seen here have elther oné or two axons: The dlstrlbutlon of". the.
. receptor d1ffers from that reported prev1ously 1n Stomphza (Robson,

. . R - e - 0.
‘ Lo : . E I



.28,

j:1963) ‘in that 1) they were found in the tentacles, and 2) the reported

Jtmﬁof the receptors at the Junctlon of mesenteries to the oral

Aw'aggregat

" disc” 1s almost nengglble "' ,V s ”.: S e - . R
b - - . . __’. (u

Although the cell can ea511y be 1dent1f1ed .on.an- EM level’by 1ts o

o

*.shape’ and dlstrlbutlon, 1t 15 d1ff1cu1t to 1dent1fy it as a receptor

because of the 51mp11c1ty of 1ts sensory apparatus ° The c111um is a .t -;/:;v.

.‘.9 +.2 whose basal body “has a basal foot and an accessory centr101e~

3

0 .9..

(Fi’g". 15) ;g is. unmodljled from the c111a oh eplthellomuscular cells
1 d 1n the dendrlte hhlch

’ n ‘some receptors mlcrotubules are- foun

,vexcept tha

‘ /attach to the basal foot The mlCrOV1111 ‘are less than 1000 X 4An I

dlameter and less tHan 1 u long; they do not contaln bundles of f11a-

P

ments (Flg. 16) as are found 1n the stereocmlaa of some other receptors. VTR

of Stomphta (Chapter 6), and are 1ndlst1ngu15hab1e from the mlcrOV1111

R

‘%n eplthellomuscular cells (Flg. 17A) "The receptor contalns two o e

classes of ve51c1es One,.whlch 15 found 1n large numbers throughout 7y

the celf and axon,-ls a SOlld or dense cored Ve51c1e (700——1800 R) ?"hji o -l .

r(F1g ]7C) whose morphology is dependent upon the £1xat1ve . The other ﬁ'

class cons1sts of a small number of agranular ve51cIes (500——1100 A) e

“that are fOund 1n the axons and whlch 1nc1udes the synaptlc ve51c1es

(500——900 A) The axon and 1ts synapse are. descrlbed'lp the follow1ng

_sectlon concernlng the components of the f1bre plexus._’~ : ~'~‘2

The Zarge and small btpolar neurons R

These are large cells up to, 4——8 mm 1n 1ength ang_wlth axons up to

0

= 1 0 u in dlameterﬁ that are belléyed to constltute the through conductlng

k)

system that medlates protective wrthdrawal. They form ‘a network through_,tﬁ],z

(for technlcal reasons it is not known 1f they or’. Qo ks

ERR

out the mesenter1es

0‘1
o ‘o




“any other neuron lies-over'the parietohaSEIarsj (Pantin,’IQSZ;ABatham i
o ‘o é .
et al., 1960) whlch extend Onto the column over the- sphlncter and .o
e . .
' descend into 1t (Robson, 1965) ‘ Robson (1963) has noted but not

'-111ustrated or’ descrlbed a smaller blpolar neuron also known from the

: Q: studles of the HertW1gs (Hertw1g and Hertw1g, 1879) and Leghlssa (1949)
whlch 15 found on the pedal, dlSC, column anid mesenterles, and presumes _;;*}5
- o . ‘.O
”'lt to be part of the same class of neurons ‘as the large b1polars.. Also,

el

the small trlpolar neurbn descrxbed below has been descrlbed .as’ a

varlant of th1s class (Pantln, 1952 flg 6) The presence of the el s
.- blpolar neuron in. the endoderm of the oral dlSC and“tentat1e5>1s i e
. uncerta1n, Robson (1963) presumed 1ts presence but has never seen 1t._

Batham (1965) on the other hand reported ‘that they extend from the e

2

mesenterles onto ‘the d1sc where they CTOSS the mesogleaoto run in: the -

2

. ectodenm of the dlSC and tentacles.' Although the latter 1dea fltS w1th -

. s ©

phy51olog1ca1 knowledge, the valldlty of the report 15 questloned and

<
. AN a 2
. ol A : . - N & e
| * ° . [ - ¥ o

B needs ver1f1cat1en. '_' * - e o e

- . e . £ B @ ‘e 2 B @

s, The endodermal nerve net is’ a remarkably dlffuse system (see 5,-_" Lo

Pantln, 1952 flg 13) maklng EM study of 1t througﬁ’random sectlonlng ' 0.57
: almost 1mp0551b1e, n?rve f1bres and 1nterne3ra1 synapses havewbeen ‘seen. :( tAq"
'~g, too rarely to allow a. character;zatlon of any of the(perVe flbre types,v : )
f‘ f "and p0531b1e‘nerve somata havereeneseen only three t1mes 1n thlS L.”_itv,£;9
:hmstudy Alihoaéh for th1s(reason the.study has be;n 11m1ted 1arge1y to;b& - _i?'

a2 . 1;:. a . 0 . Q'llo.\

f&; LM observatlons, ‘one 1mportant dlscovery has been made.‘ thatothe - g'ﬂif-a
”‘J“*;<b1polar neurOp descrlbed by Batham@ Pantln and ﬁobson 15°attually a o
. PR W

? coilection of three tynes of neurcn that are d1st1nc; both thelr e

7 <

‘f€Q~51ze and sh&pe (compare F1gs 18 19 20 21) and by thel‘astalnlng Ca e

o
Cagy

3 %
1
9.
Q
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;-affinities (Tab1e°1) - Both‘thelsmall bipolar and thertripokar'cells

KR ,~that they had’ descrlbed as var:ants of the large blpolar neurons are

b

’h. ) dlStlnCt classes of neurons Thelr 1dent1f1cat10n as, separate types

.‘O“‘ . -

of. ceIls was not poss1b1e 1n the studles of Batham, Pantln and Robson
: fbecause the’ technlques whlch they had used only rarely stalﬂ elther: o
the small blpolar or the trlpolar neurons (Table 3@
T In thls stuay LM sta1n1ng of the 1arge and small h1polars has

been obtalned only on the mesenterles, and, l1ke ﬁobson (1963), this
. v
'1nvest1gator has been unable to. flnd"any neurons overlylng the darkly

sta1n1ng par1etoba51lar muscle f1e1d Both the large and small blpolars

" e, ~

o . ,'. o =
are‘splndle-shaped and 1nvarrably‘bear twd‘opposing axonS’which rarely
o branch (F1gs. 18, 19) .- The large cells are 3-—12 p in dlameter and

14——70 u long (Flg. 18), and the smaller ones are’ 2——3 u 1n 31ameter

and S——12 u long (F1g ‘19); The axons ofvgwen'the largest b1p01;;>

&

=
~511ver procedure ‘the axons are 2——4 u in dlameter, but thls and the

e 3

unusual var1cos1t1es of the axon’ (Batham et al., 1960) appear to be a..

‘ T neurons oare less than 1 ¥ in d1ameter. In tissueaprepare‘d b);.the‘ "Bat'ham

°

e flxatlon art1fact.» Although the. large and small cells approach each
-other in size, thelr separatlon 1nto two classes is clearly demonstrated

: - by comparlng the size- ranges of observable blpolar neurons in ZIO

preparatlons (wh1ch stain onﬁy the large class) agalnst “the range of

' neurons seen in WOod's preparatlons (Wthh sta1n both classes) (Flg' 20)

| "°_ MuZt‘LpoZar neurfon B

- ) Thls ce11 is- known only from nethylene-blue preparat1ons of the

L8

columm endoderm of CaZZtactzs and Stamphia (Bobson, 1963 1965).

. . )
R the Batham 511ver preparatlons of nesenterles 1n thls study this ce11~'

-
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o . .. . e e

was: found on the retractor face in, the area between the parletal and o

Sl

-Vretractor musgles,abut stalnlng was ach1eved too rarely to deflne the. .

.,. : . o

11m1t of’1ts extens1on onto the meSentery. As seen here it is: a C . s

B Stellate cell about 15 u in dlameter, whlch bears f1ve to eight
. ¥ ‘ ‘
unbranchlng axons (F1g 21A) Nelther the cell nor 1ts axon have been.

"nldentlfled on an EM level. . ';-i Q’J‘;.." R ' B ,'" gf’-'ifﬁ Lo
' The trinZar neuron_-‘ '»,"'ﬂjl - N ’"fffoa"» R
- ;”' Thls cell has been descrlbed prev1ously as a rare varlant of the. S ST
‘o B B . X

_.bip01arhneuron of: Batham,vPantln, and Robson (see above) The trlpolarv

1S

-ﬂcell 1s, however, dlstlnct from both the 1arge and small blpolar - ~-.6,f
. neurOns descrlbed here ‘3h 1ts sta1n1ng afflnltles (Table 1) It is
fOund throughout both faces of the mesenterles (except in the area of

the parletobasllars) and 1n tlssue prepared by the Wood's a1c1an blue "’

}‘” or by the ZIO procedures~1t 1s relatlvely common on% trlpolar cell S
: . o b . © . . ; . ) ]
belng found . for every flve to six large blpolar neurons._ e “i;' L R

The tr1polar neurons are small 3 x11-u to 7 X 17 u, trlangular

cells uhxch vary 1n shape from equ11ate;a1 tr1ang1es (F1g 21C) f@* ”'-"‘v"t
. cells that have two axons dlsplaced onto a 51ng1e end of. the ce11 |
(Flg. 210) Many of them have an- aggregatlon of s11ver stalnlng 'b ’-.J . »h,h

, materlai near fhe or1g1n of the1r axons (Flg. ZlB) '.' ‘Q

°

T%e Ftbre PZexus' . d':,,'br‘-t‘:.rv; : '%,:'; 'ijLP' e e

The plexus Lles 1n the zone between-the eplthe11um and the muscle _
. lay'erl,.o It 1s composed of‘the axons -of the four txpes of neuron and of
the receptor “the. processes of new-cell types 1 and 2 (flbre types 1 _°‘

,and 2))”and of three flbre types (3 ‘4, and 5) whlch have been’

R
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‘. 1dent1f1ed only on an EM level.’ FOr convenlence, Table 2 prov1des a j e

summary of the character15t1cs of the f1bres 1dent1f1ed on an EM level

T4t
.

The degree of development of the plexus varies through the body,

and closely parallels the development of the nervous syséem even though
. 1t appears that less than one in- ten flbres 1n the plexus are: neuronal

e Thus 1t varles frdm a layer of scattered, sorltary flbres in- the f_

-otentacles and oral dISC to a layer over 20 flbres thlck at the Junct1on Lo
Yy .

" of the mesenter1es to the column and pedal dlsc The plexus is. found

throughout the endoderm w1th the exceptlon of the gastrlc fllaments .'i '

The medlal lobe of the f11aments has a small plexus, composed of R

f1bres that are not found elsewhere 1n the endoderm, whlch does not

.0-. -

extend into’ the 1ntermed1ate tract or the Iateral lobes.~ In thlS work‘?

e

a study was not made of th;s second plexus and it 1s not known whether

it has communlcation w1th the gene;al plexus or whether it contalns

RN .
2 3
Wlth the except

! neural elements 5{
| on of the plexus of the gastrlc fllaments the - ‘ﬁ; s

w'endodermal plexus shows Ilttle reg1onal varlatlon,rn comp051t10n or ofd :;ﬁ
'organlzatlon. A11 but one of the 51x types of fibres whose dlStrlbu—v-._:

: tlon has heen determlned (types 1 2 3 4 S and the receptOr axon)
have been found 1n all parts of the body examrned. In the column and
pedal dlsc where the muséle layer 1s partly dlsplaced 1nto the meso-ﬁ-v.:”
glea, the plexus ShOWS some - ev1dence of belng organlzed 1nto two layers -
(a superf1c1al and an 1ntramus&u1ar layer) whlch dlffer 1n comp051t10n,

n or1entat1on of the f1bres and 1n the1r spat1al contact w1th the

muscle layer.v.
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". - ‘_’ Fibre type 1 belongs to the cell descr1bed above as new- cell type 1

_ iﬂ }' It is found throughout the body but is. most frequent on the mesenterres.

N L3

T :' Each ce11 bears one to three processes (Flg 11) that lie exc1u51ve1y - ,flu

“in the superf1c1a1 layer of the plexus.j The processes are no more than e , .

40 Ry in length and are between 0 2 and 2 W 1n dlameter. They are

- .~

characterlzed by the presence of large numbers of the 5011d v651c1es
; , (IOOO—LSOOO A) (Frg. 22) that are found in the cell body bThese

ve51c1es staln for catecholamlnes by LM h15tochem1ca1 technlques and

@,

. show ‘a weak response ‘to preflxatlon 1ncubat10n in- metaramlnol The only

- »

) other contents are a’ small number of 700 R agranular ve51c1es retlculum,-

v

m1tochondr1a, and glycogen. The flbres occa51ona11y come into. close

- s
N o SF

contact Wlth muscle flbres, but there LS no. ev1dence for a specrallzed

»

contact or of ve51c1e aggregatlons in these areas. Also, no evrdence
was found that these f1bres bear Junctlons wrth other cell types or are S

engaged in secretlon of the1r ve51c1es. S

E%bre type 2 is the process of new- cell type 2 ~ Although their :
ce11 body has not been observed on an EM level, the1r processes are

‘s

ea511y 1dent1f1ed by their large and 1rregu1ar size, ranglng from

B

‘ 0. 3—7 u in dlameter. The flbres, whlch are found throughout the body'

11e only in the superflclal Iayer of the plexus and may cause a dls—
placement of the eplthellum overlylng larger var1cos1t1es (Plg. 23A)

They are character1zed by the presencé of two types of ve51c1es~“ the

Tﬁvf ‘more | numerous type is a spher1ca1 ve51c1e (600——800 b§) that is dense

. - .

‘ cored in, Cavey—flxed tissue and solld w1th Petpya flxatlon (Flg.,23 P ;7'.§

» -

B and C) the other 1s a small number of agranular ve51c1es averaglng

,S40'A.1n dlameter, found pr1mar11y in the var1c051t1es (Flg 23C)
. . . N ' - "’o' " o v . .. "-“.v . : K ~
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L The electron den51ty.of the dense corcd ve51cle$ 1susensitiye to
. - _
metaram1nol 1ncubat10n 1nd1cat1ng shat these ve51c1es contain-cetcchol-l»
'amlnes, they also stain by the Wood alcian blue and by the Batham°‘
technlques.b | - / |

o

Ftbre type 3 is fbund in both. 1ayers of the plexus throughout the

body, although 1t is most frequent in the column and mesentery. It ; .

Ce

;1sza small fibre, O. 2 u in dlameter, w1th'per10d1c varlcosltles-up to:

L US 8‘u-in diameter. It conta1ns two - classes of ve51c1es, one 1s a.
e '6* !

- dense core veslcle (600—-800 K) that is found throughgut the flbre and
the second is a 5011d ve51c1e (1200——2000 &) that is rarely found 1n

Y
~ the var1c051t1es (Flg. 24) ThlS flbre is known only from EM study,

‘its vesicles apparently do not sta;n,by any'offthe LM procedures .

“

'employed - e - | . .

R .,. . In the column and pedal dlSC'the majoritf of-these'fibreS'are‘
found in the 1ntramuscu1ar layer of ‘the plexus where they are in close .
assoclatlon w1th the type B form of muscle fibres:. . Although the- flbres, v

':partlcularly thgér varlcosltles, are oﬁten closely apposed to’ the muscle

flbres there 1s 11ttle evrdence of ve51cle aggregatlons,at these s1tesi
° : . . .

v

~and’ there 1s no 51gn of memh‘ane spec1allzat1ons.

L

Fibre type 4 is known only from EM sectlons of the columnIWhere

i

it is. rarely found in the 1ntramuscu1ar layer of" the plexus. "Iteis a

Re ..

small flbre’ 0 4"0 8 “ in. dlameter, WhOSe 1.3 u var1c051t1es are “,'LJ°,
f1lled Wlth opaque ve51cles (650-—1500 X) and a small number of 1106 R

dense—cored ve51c1es (F1g 25)0' @‘_f'.'g' . R .
RN ‘ S T TR D
F%bre type 5 is also known only from EM study.- It is foénd;im_the o

. . ' L . . . . ot e
. . . i . — . E : : o y <. *

e
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’ 1ntramuscd‘ar 1ayer of the plcxus of the ‘column - and pedal dlSC and 1n

the superf1c1al layer in the rest of the “body. It is 0.2 w in d;ameter

L >

w1th 0.4—1.0 ¢ perlodlc var1c051t1es The flbre is- characterlzed by s

u

: large numbers of 5011d veslcles (1000—1500 A) that are concentrated IR

L to contain m1crotubu1est2

-'w1th1n’them. In add1t10n ;o the dense core ve51c1es the axons contaln

[+

in the varlcosltles (Flg 26) It 15 the on}y endodermal f1bre type,i

other than recognlzed receptor and nerve- cell axons, that has. been seen

a

The azon of the receptor is eas:.ly recogn1zed on an E;Melevel by ’

content of the same dense core ve51cles (700——1500 A) that characterlze

-

the cell body (F1g. 17). The flbres may be either unlform 1n dlameter
at about 0. 15 u or they may have var1c051t1es of 0. 2——0 7 » in d1ameter '
{ . v . 9

every 2——4 H along their 1ength If there are var1cos1t1es there is a

strong tendency for the vesxcles and other organelles to be conCentrated,c

P

-r

By m1crotubu1es mltochondrla,,glycogen swollen membrane sacs and. &

;

.

small number of agranular ve51c1es of varylng 51zes, -

These f1bres have been observed &hroughout the body, and are .
3 S .

concentrated at the Junctlon of mesenterles to, the column and pedal dlsc,

/ :
They 11e in both layers of the plexus, and- show a strong tendency to. run -

«

, w1th the muscle fibres even runnlng w1th the muscle bundles that run - .

<

under the 1nsert10n of mesenterlés to the column e

o

The sensory synapse has been 1dent1fled (Flg 27) . it'appears to

be poorly fixed in Cavey flxed mater1a1,ahowever 1nterneura1 synap5es°

[

= in the same tlssueashow relatlvely good preservatlon (Flgs. 28 29)

“The area of appos iti ’n is dlstlnguxshed by an 1ncreased eLectron densxty

of tbe pre- and postsynapt1c membranes and of the 1nterposed extra—. o e

o

cellular~space and by an 1ncreased separatlon of the two flbres from ' -

* ©
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-ngO 200 R in the surroundlng areas to 200——250 A in the area of the
Junctlon A In the ad;acént cytOplasm there is an aggregatlon of

uagranular, 1rregular1y spherlcal ve51c1es . These are 500— 900 X 1n

'dlameter and are 1dent1f1ab1e -as the ve51c1es found scattered through
(.b3 . the axon in onsynagflc 51tes. The postsynaptlc flbres\appear to all
- be of a sLngle type -but they have only partly been characterlved (see
n‘.helow)q : S o . o e »

Neurons.;_ As seen by LM (Pantln, ]952 fxg. ]3) the frequency
<of ‘Weurons in the endoderm of anemones is much lower than that of the
‘ ectodermal'neurons in both anemones (th1s thesls) and cerlanthlds
(Peteya, 1973) Thus, although it has been poss1b1e to }earn somethlng

*of the ectodermal nervous systems through observatlon of random /

sectlons * the same technlque of study has prov1ded almost- nothlng of

the endodermal : system. L ’ .
Two or poss1b1y three types of. 1nterneura1 nerve flbres have been

bserved . Most .of the nerve flbres have been recognlzed because they B

4 .

are postsynaptlc flbres ‘at’ receptor synapses (F1g 27). A11 sueh

, flbres appear to be a 51ng1e ¢lass containlng mlcrotubules and $mall

o

agranular ve51c1es, but the organelle content is too 1ow to permLt a.

MLl .\~

second p0551b1e type of nervg flbre is seen in the unlque observatlon

@

of the postsynaptlc fibre in FLgure 28; its 1rregu1ar agranular

ve51c1es are larger than those seen in any other flbre 1dent1f1ed It
has been pQSSlbIe to characterlze only the. thlrd type of nerve flbre

o .(Flgs 28 29), although observed in only f1ve eases its large aggre—

gatlons of synaptlc ve51c1es, both at synapses (Flg 28) and at

characterlzatlon of a f1bre type upon the 11m1ted observatlons here @ :



s

nonsynapt1c areas permits its characterization. The synaptic vesicle
are betwoen 600 and 900 A 1n dlameter sbherical and agranularfin

aldehyde-f1xed tissue. They, some - larger agranular ve51c1es, m1cro—

[P . R b

tubules,/and glycogen are the only organelles observed in these'fibres;~"

' The gap 15 200 A w1de, and no gap or cytoplasmlc spec1a117at1ons are
aeV1dent. In two of the- 1nterneura1 synapses seen there is a sac of
.{agranular retlculum closely apposed to ‘the postsynaptlc membrane (F1g
1 29); because 1t 1s absent in other synapses of this type (Flg. 28) its
51gn1f1cance is uncertaln

| No neuromuscular synapses in the endoderm of Stompnta have been,
found in th1s study even though all maJor muscle fleldS have- been

studled and a varlety of f1xat1ves used, o - " {

The‘MHSCZe-System

The muscle system offactinians is surprisfngly complex in compari

son to the organlzatlonal complex1ty of the rest of the body < It formsw'

37

)

about ‘ten funoxlonal flelds, some of which ‘are capable of both fast and

~s10w contractlons. Although phy51ologlsts have bu11t an exten51ve

- knowledge of the phy51ology of 'neuromuscular preparatlons', anatomist

b.e

have done 11tt1e to prov1de ‘the basis needed for such studies. -Histo-

= o

10g1cal studles have been 11m1ted to the dlstrlbutlon of muscle flelds

xy -

.and to ba51c aspects of the organlzatlon of the ep1the11omuscular cell

'(see above for, descrlption) (Batham and’ Pantln, 1951 Robson, 1957)

@

It is. currently be11eved that there 1s only one funct10nal class of

“o

muscle f1bre 1n anemones (Batham and Pantln, 1951' Robson 1957), and .

' therefore that 1t rece1Ves a double.’ 1nnervatlon (Horrldge, 1956)

‘However thlS 1dea is based only on the erroneous 1dea that the muscle

~
o

S

e



o

- derm and ectoderm of Stomphta' and 2) that thelr d15tr1but10n 1nd1cates

that SOme muscles, such as the column c1rculars, ‘are organlzed 1nto two -

flbres all 1ook alike 1n LM study.v Therefhave been no EM.(except for‘

Grimstone et-al., 1958) or hlstochemlcal studles of an actinian muscle

”system

The ‘present report is limited to two observatlons 1) that two >

- e

' ;morphologlcally dlStlnCt types of muscle fibre aré found in the endo—: <

functlonally dlscrete zones A more complete study 1s in progress by

Am%rongén-. N

As descr1bed above the cell bOdleS of some muscle cells are ep1— T

thellal 1n locat1on and are 301ned to the flbres through a peduncle, . _?i

while- others are fu51form cells sunken into the muscle layer wh1ch are..

dlrectly attached to thelr muscle f1bres : Although flbres that attach

d1rect1y to the1r cell bodles contaln more organelles 1n the area near S

thelr attachment than do those flbres wh1ch attach to peddﬁcles there -
is no other morpholog1cal dlfference between the muscle flbres borne by

.

' cells in these two pos1t10ns.. Both types of muscle cell may bear ) el

e1ther of the types of muscle flbre descrlbed below (types A and B)

¥ .’.'

ZThe assoc1at1on .seen in the c1rcu1ars of the column and pedal dlSC, ofF

. type A flbres w1th sunken cell bodxes and type B flbres w1th eplthellal'

ells is probably due to<ahe organlzatlon of those- t1ssues rather than_

'v”to the ex1stence ofcd1fferent cell types. ‘_.b“ '!°'

R

» The type X fibres are b 75——1 75 u ‘in m1n1mum dlameter, averaglng

1.3 u, ana the type*B are 0. 5-—1 5 u 1n m1n1mum dlameter, averag1ng 0. 6

o

H; nelther type appear to be strlated. *The contractlle f1br1ls f111

the f1br& w1th only a small number of mltochon"drla and glycogen

g o -
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partlcles 1nterposed w1th1n the f1br11 free areas. w1th1n the mass of:

flbrlls. There are other areas of sarc0p1asm, located adjacent to
the periphery bf the fibre, whach are dev01d of flbrlls and have an.

accumulatlon of m1tochondr1a and glycogen.' No evldence of a sarco-'-; SN

' 1)

plasmlc ret1cu1um as 1s found 1n the ctenophores (Hernandez Nlcalse

1974) and- h&gher phyla, is found.. ”:- o ' S o

e

\Muscle fibre type A has two types of f1br11 that are dlsposed

‘parallel to, each other The thick f1br1ls are 99h-170 A in dlameter

'and appear as. hollov tubes 1n cross Sectlon (Fxg 30). These frbrlls

. show the bandlng cha?ﬁcterlstlc of paramy051n.‘ In the-same sectlons,o

.geometrlc order. In 10ng1tud1na1 sectlons the th1ck flbrlls do not i

e
-

-

»

appe&T regularly spaced (about 350 A apart), although a hexagonal array

., o p

1s sometlmes apparent the f1br115 are. not dlsposed in-a prec1se ERE .a‘ BN 1

- <

the d1ameter .of the thln f1br115 is approx1mately 60 k. They have no:

o

. assoc1at10n thh the thlck f1br1ls (F1g 30) “but are found soattered.

;throughout the f1bre 1nclud1ng those areas wh1ch do not contalnvthlck'i

f1br115. lelted counts 1nd1cate a ratlo of about 10 thin- f1br115‘ o
to 1 thlck f1br11.» Dense bodles,‘found 1n smooth muscles of some
1nver§ebratés - are not found in elther ‘type of muscle f1bre

|
The type B muscle’ flbres d1ffer from A fibres pr1mar11y by the

/P‘ -

: »tpresence of paramy051n 1;ke f1br115, 70— 400 K in d1ameter, 1n place

‘;of the thlck f1br115 found 1n the k f1bres In 10ng1tud1na1 sections -

"~the paramy051n 11ke f1br115 a}e 5p1nd1e Shaped and show the perlodlc

<«

band1ng (Flg. 31 1nset) that dlstlngu1shes paramy051n in muscle fxbres

f‘1n other 1nvertebrates., Thelr tapered shape accounts for - much of the °

-s1ze range as measured in cross-sectloned f1bres. They are surrounded

°
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- catlng that the twoatypes may represent dlffqrent states. of coﬁtract1on

. DR " o N @, . Lon ’
[J IR B . .o - LI . . ‘ .
A . Y . D o s

(Flgs. 315,032 33) a - * 4 |
The type B f1bres§dre hlghlg vanyable in appearance and maﬁy
s i

appear to be 1ntermed1ate between types A and Bo(ths 32 33}, lndi

<,

O O‘. b

or exten51on of a 51ng1e type of muscle f1b¥e rather than twoodlstlnct

o g i 0 »

. ¢

the degree of conver51on bf an A f1bre 1nto a B f1bre by the relatxve‘ 5;-1

s »
%

frequency of thlck to paramyosinvllke f1br1ls and by the dlameter of

> g o~

these f1br1ls. In f1bres that have on}y a feg paramy051n llke fxbrals‘ :3

-

they are only 70——180 K n dlam.ter tFlg 32) whereas 1n ?rb!es that

have only a few. th1ck f1br115 the paramy051n-11ke flbrlls JSproach 400

o A v . - B R M .'
R in maximum dlameter (Fig 33)° ,?{ . Lo ;L'¢ ‘v_’ ;mv
e N Q o

There is, however,,some e,v1d gce that the A w fllﬁ'es ’

represent functlonally dlStlnCt c ses of mu§c1e°f1bres. ,In“mast pf

the muscle fxelds the.A flbfes aré elthertthévonly'type fbund (as in

,,; 3 -

the transverse musclea or else cemPrlse 97—-99% of thOSe fOUDd (as in _‘g

-

-the c1rcu1ar muscles of the tentacle and oral dlSC‘ the sphlncter and

- b" .o o
-3 -

retractor)- In contrast the type B flbre 1s the only type found in Tﬁ
‘ﬁ LN

the parletals and comprlses over 70% of the muscle f1bres 1n the - &
R - ] - 5 e ‘-'

‘c1rcular muscle of the columnt?nd pedal dlSC {FLg@ 21, thus there 1s a’

&

clear assoc1at1on ef B f1bres W1th'muscLes 1nvo}ved 1n°sw1mm1ng. More--h

over, there 15 ev1dence ﬁhat in the'c1rcu1ars of”the celumn and pedal

oo -] " . ~

dxsc the A and B f1bres may have dlfferent mechanxsms for 1nnerv£t10n.-

s
-

Unlrke the circulars of,Mbtrmdtum (Batham and Pantln 1951), 4

cxrculars of S%omphza are organized llke a mesogleal sph1ncter (Fig 2)

y

- morpholog1cai cla%ses of fibre.: Inﬁeed °1t seems possxble to d;stlngu1sh.a

*o
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. All of the type B flbres of the 01rcu1ars aré found in a band nt the

’ endodermal face: of the mesogLea- whlre all\%f the type A fibres are o

L “&!
'found in tubes that are Sunken 1nﬁ§ thd mesoglea. Unlike the sunken

D A daee

'muscle tubes of the tentacle ectoderm (spe<§hapter 6) these tubes hav

; EY .
' oneVbr been seen to- fuse w1th the overﬂylng éndoderm and they only .

rarely contaln a nonnervous element of the plexus THe A fibres’

e N

‘therefore appear to. be* largely sealed off from the endodermal nervouSv

@ -

REER 'system whereas the layer of B flbres is i dlrect contact with' the

? o
3

fibre plexﬁs. HoweVer 51nce 1t has not been possible. to 1dent1fy

- " e . S

'neuromuscular synapses 1n the endoderm any idea of’ the,lntcractlon e

. between the nervous system and muscle system 15 premature.

s

. . . R
. . » . FRE - b
- o . . : . " v

- .. Discussion. T U -

Most .of our h15t6Iog1ca1 knowledge of anemones has come from

© 2

f\neuroanatomlcal studles whlch have devoted 11tt1e attentlon to AON-

, e Spt >

-remaln our major source of anatomlcal knowledge..

‘o - -

concepts of,xhe actlnlan endodermal neerus system. 1) that it 151%,
. 4('

‘composed of tw1ce thefnumber of herve- cell types that have been,

.. - : _'descr1bed prev1ou51y, 2) hat the nervous system 11es withln -a compl?x

~

:;plexﬁs of f1bres of unkn- natureg and“3) tbagisoxe df the muscie

B ;f“';flelds contaln what appear Y “be two phy51blog1cally and functlonally

[ . Loy 2. . IR - °
s T 7 .

Mis subject to

9%;;  TPhe Nervous System - . -
The,histologiéalkstudyiofﬂﬁétinian'nérvous systems

@

R L . - o g0




several technlcal and’concept“Al d1ff1cu1t1es (see Chapters 4 S, and

/o
7) wh1ch have Ied to a, llterature wh1ch 15 1arge1y a collectlon of

<

*‘-contradlctory accounts., Onry the endodermal neural elements have lent;-

.themselves to ana1y51s, some of the elements can be traced back as far

hh«ﬁgs ‘the Hertw1gs (Hertw1g and Hertw1g, 1879) and‘ detalled model of

,','the endodermal nerve net has recently been worked out by Batham Pant1n o

:and Robson (Pant1n,,1952 Batham et al., 1960 Robson,_1963) ACeorqlngt;f.

2

to. the1r studles the endodermal nerve net con51sts of three elementS'

‘vl) a- blpolar, ep1the11a1 receptor Wthh is. found concentrated at the

»11nsertlon of the mesenterles to’ the oral dlSC, column, and pedal dlSC

i d . L e

‘and scattered -on the oral d1sc, mesenterles, column and pedal dlsc

2) a large b1polar neuron (belleved to represent the "through conductlng—wf‘

system“) whlch is’ found 1n the pedal dlSC, mesenterles,'column, and ordl

dlSC, and. 3) a large multlpdﬂar neuron found onlyhln the columnt)
N o .
The present LM study 1s based on two technlques ZIO 1mpregnat10n

« and the Wood’s alc1an blue technlque, not prev1ously utlllzed in- the

' study of cnldarlan nervous systems (although it should be noted that the V‘

;app11cab111ty of. the Wood technlque has aiready been noted by Wood and

-7Lentz, 1964) Through the use of these technlques two new types of -

%neuron have been demonstfatedsv These are a. small blpolar neuron, fr§st

V

jf descrlbed by Legh1ssa (1949), and ‘a, trlpolar neuron whlch was probably

f1rst descrlbed by the Hertw1gs (Hertw1g and Hertw1g, 1879) » Bo n.gell
o . 5

[ /

-‘types were seen An the studLes of Batham Pant1n dﬁp Robson (Baﬁ&gn,

;1952 Batham et al., 1960 ﬁobson 1963) but were 1nterpr?ted as belng

P,
v



'?; 4) a small blpolar neuron whlch is 2 3 u 1ﬁ élameter apd 5——12 u long,c

w’f the . Junctlon of mesenterles to the colU%n; to. recognize the receptor ando

: . 9 S
- e R °0 - .0 ° - o
~ s coe U @ g 0 so.
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rat1o of 5 to 6 1: 1 for the large blpolar.:;smdil bipd%ar'; trlpolar'

"'.'u

cells._ Each 15 a separate cell nype d15t1ngu1shed by 1ts slze S‘hape,-° L .;;f;'fi

o Cy ten? ; . .“l

and stalnlng affrnltaes (Figs. 18 19, 20 Zl,gPable 1) On thexbaSQS'; e o

e P 5 o os : L@
: of the present‘IM study §QN:s°propOSed that the endodermal nerve heb>'5 B A

o ) o ° - ArS ,=,

- of Stomphta As composed of flve elementS'“ 1 and 2) the réteptor and s e Some

5 ah‘ 3 o ‘c. o »n"x‘: PR A“n.

large muLtlpolar neuron as desérlbed by RQbsoﬁ (1963),c 3) a large h'h .o

blpolaraneuron whlch ds: 3-—12 u fh dlameter and°14 78 i 1n 1ength,ﬂ :5'

. © © 0o

teoe T . e. DR L o
pnd 5) a small trlpolar’neuron whlcb is about 10 len average diameter.f%” ) ; 57
vo,:O . ) e A ® . ;
Even w1th bhe add1t1on of these new’ nerve- cell type§ tﬂe endodermal Sk ) »f
: nerve netAls swlll hlghly dlfrZSe, oeklng;lterM»enaly51; ;hnough studva.i o ;;: t
l¥°of ra;dom‘sectlohs 1mpractreal. Thls stud; he; been 11m1ted to the EM : ;f,”‘OQ e
j~ obs;rvatlon of onIy a small humber of possi¥ e f1bres,if1ve'_;"o " i;}' iq“"g
b';,lnterneuronal Junctxonal complexes, and f30551b1é nerve somata - IR

Therefore almost nothlniahasubeen 1e EM morphology of the f“»n-of=ﬂ

o % co . e - PR

Lfﬁelr concehtratmon at Lo e

1nterneorons¢ It has been possxble,

v - o

o

-
Y <, ‘m

1ts axookend synapse but 1t appears that thls asAthe oni;daspect of hﬁ:i f; ﬁ%
the endooermal nerwé net that can be éas11y studled ylthout the develop—5 i%
‘ ;wnt of a techndQue wh1ch‘w111 permlt the sequent1a1 LMnand EM examlna--m_é‘ 'f
B tlon Of'ldentlfléd neuronsjolln the study of vertebrate ﬂervous systems 1?
}j Golg1 1mpregnat10ns‘have been suecessfully useo for sequent1a1 studles
(Blackstad 1970).. Although Golg1 1mpregnatlons are belleved to be’ ;
; worthless 1n the study of anemones (Batham etqal.; r961) et“should be .
Yep0551ble to develop:a comparable technlque sultable fA} anehon; research SR
"ﬁ';s1nce both ZIO (Mart1n et al., 1969) and methylene blue (Rlchardson,d;:-j;f .'hbl°j€
‘» L | 8 5 n4ke . - _°$< o
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"Thé'Fib;elﬁlexuskl o '*%f, T I :-4_" - o b

20 record of a plexus 1s that of von Helder (1877 1879) Mho was d1s-.

cred1ted by others who falled to- see a plemus 1n thelr own studles

and Quaglla 3

°. 9

\

1969) 1mpregnated neurons can “be stdalgg on an EM level _ With.the ¢ -

development of such a techn1que 1t would be p0551b1e to ﬂocate a deslred

‘xype of nerve soma or. 1nterneura1 )unctlon, gut it free from the t1ssue,'°yﬁ

- N . ) C .
B ° @ @

.and resectlon 1t for EM' 1ts potentlal valueeln the study of act1n1an

-

nervous systems is 1mmeasurab1e. o R L . o 'f - L

‘e R *\.\
2 S o

Yal : 0 EEE o . o - »

ﬁittle 15 known of the nature of the flbre plexus, the only LM

y . ﬁ\

(Herthg and Hertw1g, 1879) However a flbre plexus, currenily thought
to be a nerve plexus, has been found 1n the ectoderm of every actlnlan,

.:_\»‘

. . i .
P & BN

ceri‘anthid aogdreporar1an e)gamlned by EM (Kawagutl, 1964 Leghlssa
1

Kawaguti and Ogasawara 1967 Westfall et al., 1970'

” Peteya, 1923 unpubllshed) and 1n the endoderm of the coral Dendrophyllza

a

(Kawagutl and Yokoyama, 1966) Azptasza'(Amerongen personal communrca—'
txon) and Stomphza (thls the51s)..The redlscovery of a plexus wgs delayed‘

unt11 the flrst EM studles 1n large part because the flxatlves used by

’most anemone llght mlcroscoplsts destroy or. severely damage the

. components of‘the ectodermal ‘plexu \s thus mak1ng them d1ff1cu1t or

‘t “al -

‘.1mp0551b1e to see (see Chapter 5) When f1rst seen An EM study the

"'plexus was thought to be an extraord1nar1ly complex nerve plexus whlch

o <
.o

_for some reason had been mlssed 1n earl1er LM Stud1es (Kawagutl, 1964),

‘o

st subsequent workers have not questloned elther 1dea.a However,

n

'detalled study of the components of the plexuses of Cerzantheopszs

(Peteya, 1973) the tentacle ectoderm of Stomphta, and the mesentery

e L w73v;—a‘},
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endoderm of Stomphza shows that only 50% to’ less than 10 of the fibres:_ S

in these plexuses are neuronalu R,

4 '

" Thus we are presented w1th a complex of celils), bout'which‘almost

fnothlng is known whlch 1s 1n 1nt1mate assoc1at1on wlth both the nervous

system and the muscle system._ Such an assoc1at10n of cells w1th the '

te

"nerv0us system is unprecedented 1n the Cnxdarla, and-it, is temptlng to

vpostulate that these nonnervpus cells could have a trophlc functlon on:

~~,‘ e

the musoIes-or neurons or serve as a g11a or’ represent the neur01daF

o~

conduct1ng system that 1s belleved to. ex1st in anemones (for review see

- ":‘ : - - . ) '“.
Shelton, 1975) LT l'_f' : I

.o e

Although analysrs of the functlon of the nonnervous ‘elements of
;the plexhs W111 llkely requ1re exten51ve experlmental and hlstochemlcal
”pwork the f1rst step must be to se]ect a model system for analysls andw'\
f_to bu11d a catalogue of tbe cell types that*contrlbute processes to a ¥

Q

'plexus. From my experlence, 1n Stomphta the endodermal plexus is

';preferred over that of the ectoderm for such an analys1s. The ecto—'
:dermml ilexus can be hlghly complex and its comp051t10n var1es Anc

‘dlfferent parts of the body and between spec1es It 1s dlfflcult to

'study,gand because of the flxatlon artlfacts d1scussed in Chapter 5

¢ e . . “. e

, 11ttle is.. known of 1ts hlstology.” In contrast, the endodermal plexus

o

'iof Stamphta contalns only 5 types of. nonnervbus flbres (some of hhlch
'fare also found 1n M@trtdtwn and Atptasza), ‘all but one of éﬁe non-[a

nervous flbre tvpes 1s found thropghout the body, and we now have a
KX I o

-‘_clear plcture of most of the endodermal neural elements.".

-

Th1s chapter 15 largely a report of the efgorts 1n thls study to‘

4

i[catalogue the cells whose processes form the endodermal fibre plexus.

Ty.hfil'
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The report is 1ncomp1ete,‘some of the cells descrlbed are known only an roﬁ

elther a LM or EM level,u nd some others have been seen’ too rarely to, be'

.descrxbed here, Desplte th1s it is apparent that there:are no. obv10us

anatomlcal clues as to the funCtlon of any of the nonnervous cells or’

*

.flbres of ::f’plexus. Only two obServatlons of poss1b1e value to th1s'

questlon h been made 1n,thls study., F1rstly, that none of the non-

a

'nervous flbres form recognlzable )unctlons w1th elther the nerve f1bres fl

or the muscle flbres. However, several of them Tun for long dlstances .i?

;_along muscle f1bres w1th only a 200 K gap separatlng them, such app051—

I8

ftlons between putatlve nerve flbres ‘and muscles have often been descrlbed_
‘ dﬂas functxonal Junctlons in othér 1nvertebrate phyla (Rosenbluth 1972%
'chKénna and Rosenblyth 1973) and : 1n the vertebrate autonomlc nervous-“
"-fsystem (see Bernett, 1972 for reV1ew) Sec0nd1y, that several of the

>f1bres of the plexus (types l,c , 3) contaln catecholamlnes and show an

,vuptake of exogenous catecholamlnes No ev1dence however” has been

tvfound that any of the flbres are secretory. -

Mentlon must also be made that an argument can,be put forward s

agalnst the 1dea that the nonnervous components of the flbre plexus have'

’any particular and spec1al functlon. The ectodermal flbre plexus of

;'flbre is a process from muscle cell peduncles whose functlon 1s to

‘o

‘CertantheopSts conta1ns only neural elements and a "type B flbre" of

known nature (Peteya, 1973) Subsequent study has shown that the B

H
A

'»i1ncrease the area of contact between the muscles and the nervous system

(Peteya, unpubllshed observatlon) : Thus the- nervous system of th1s

cer1anth1d does not have any assoc1ated nonBervous cells to whxch thls

@ o ~

spec;al £nnctzon could be ascrlbed.
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‘,~rhé Muséig §ysteh’ _

. . . - : ‘ S
In contrast to the flndlngs of pFev1ous studies‘of‘aetinianfmnscle_
>:f1bres (Batham and Pantln, 1951; Robson 1957 ; Grlmstone et ‘al. }958),A>
it;o morphologlcally dlStlnCt types of muscle frbres have been obserQed
'1nfStomphta. . The -two types, A and B merge 1nto each other 1nd1cat1ng>
't~that they may represent drfferent states of contractlon of a 51ng1e
type of muscle f@%re rather than be1ng tWo dlStlnCt morpholog1ca1
: classes In a study of contractlon states of the tentacuiar muscle
of Chrysaora flbres 51m11ar to type A in thlS study were’ de5cr1bed as
belng fully exten@ed ‘or else as contracted whereas f1bres 11ke my type

¢

B were descrrbed as belng partly extended. (Perk1ns et al 1971) Slnce
‘a comparable exper1ment has not been performed here 1t cannot be deter—' "
'mlned wheth%r the A and B’ fibres represent two. states of expan51on of |
"-a 51ng1e class or whether they are two morphologlcally dlStlnCt classes “ff
’Nonetheless, ‘the more 1mportant questlon of whether they represent two ;
'.%phy51olog1ca11y dlst1nct classes can be answared If they are. dlstlnct =hlf
’h morphologrtal types the1r dlfferlng morphology 1s probably the express1on o
of some phys1olog1ca1 dlstlnctron On the other hand if they are’
s1mp1y two states of a. srngle type of mscle, the fact that they are
found in dlfferent states of exten51on 1n a single tissue 1mp11es e1ther
, that they have dlfferent restlng lengths or that one is betng ‘held 1n a

»state of contract1on by some Mg -1nsen51t1ve mechan1sm. In elther case ’

both a phy51olog1cal dlstrnctlon and the p0551b111ty of separate 1n—

. nerVatlons qf the type A and B muscle\ﬁ;hres is 1mp11ed .

If 1t is true Jkat the two types of muscle flbres 1dent1f1ed here

rep sent two physrologically or functronally dlStlnCt classes of muscle o

i i



1contrad1cts an assumptlon that is ba51c to’ the 1nterpretat10ns of

vt e,

cell,,then thlS is the f1rst such recpr§ﬂfﬁw£he Actiniaria'and dirécfly ,

phy51olog1cal studles of actinian 'neuromuscular preparatlons'

¢
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- . Chapter 4

S THE. MESOGLEA

P

. Introduction -~ - o ' f g

o )
: s
.

) . ’ m
The mesoglea 1is ‘a connectlve t1ssue,fanalogous to mesoderm, that

Lt

lies between the ectoderm and endoderm,ln all parts of the . body and

between the two layers of endoderm that form the mesenter1es It 1s

,composed of ﬁlbrous proteln embedded in a muc0polysacchar1de matrix

and a varlable number of one or more cell types dependlng upon the

B taxa.v The ‘mesoglea of anemones is partlcularly well developed and

-~

contalns a large varlety of an- unknown number of cell types thhough

the actlnlan mesoglea fs of spec1al 1nterest 51nce its cellular complet—'

o “y

1ty matches that of the mesoderm of some hlgher phyla 11ttle is known‘
of it other than 1ts blochemlcal and mechanical propertles (for reviews
‘see G Chapman, 1966 19743, lts cellular components are ‘almost unknown

‘The major problem l:mltlng our knowledge of the mesogleal cells ¢
is conceptual. ’lhe questlon of the presence~or absence of- mesogleal

neurons is the greatest controversy arlslng from studles of the actlnlan '

nervous system. Transmesogleal nerve flbres and endogenous mesogleal

“
P e

. neurons have been descr1bed in. most studles of anemone mesoglea and a

clear plcture ex1sts of three mesogleal cell types (theAamoeboqytes,

flbrocytgs and neurocyﬁes) from the LM studles of Leghlssa (Leghlssa,
1949 1965 Leghlssa and Mazz1, 1959), although he has not - been able

to 1dent1fy the neurocyte 1n EM study (Leghlssa and Quaglla, 1965)

The maJor argument agalnst the. exlstence of mesogleal neural elements
< :

: 1s the-clalm of the HertW1gs that such elements do- not. exlst in the

«



anemones (Hertwlg and Hertw1g, 1879) Klthough lt might be expeCted'
that‘the Herthgs' report would have been replaced by the f1nd1ngs of.
'subsequentﬁstudies, part1cular1y SO 1n 11ght of the long standlng LM L“
and EM knowledge of a mesogleal nerve net in the related Alcyonarla

.(chkson, 1895 Ashworth, 1899 Ka551anow, 1908 TltSChaCk 1968, 1970

Bulsson and Franc, 1969 Bulsson, 1970), the reverse has occurred Qut -

of an exaggerated respect for theseﬁfamous hlstologlsts contemporary

@

: workers have dlscredlted every study that has reported the presence of -
..mesogleal neurons or transmesogleal nerve . f1bres (Pantin, 1952 Batham
, et'al. 1961) Even though these .same ‘workers have Subsequently |
reported the exxstence of . transmesogleal nerve f1bres (Batham, 1965
Robson, IQQS), rev1ewers contlnue to follow thelr 1n1t1a1 papers and
1gnore ﬂhe flndlngs of the detalled mesogleal studles of Havet (1901,
_1922) and Leghlssa,.acknowledglng the ex1stence of only the amoebocyte.
(Bullock and Horrldge, 1965 Josephson, 1974 ; G Chapman, 1974)

Thls chapter reports the presence of three endogenous mesogleal
cell types: the amoebocyte, the 'small mesogleal cell' whlch is’
'comparable to Leghlssa s fxbrocyte and neurocyte and a new cell type"
found only in the tentacles, oral disc and pharynx.‘ he only neural -
'element found 1,n the mesoglea is a presumptlv’ectodermal nerve fibre

"whlch 1nnervates the sunken ectodermal muscles aof - the tentacles and

‘oral disc. -
Matﬂials*and- Methods -,

In contrast to the experlences of previous studies it 'was found

t d1ff1cu1t in this one to staln mesogleal cells for LM study A Of‘all

|

3



B

the LM tcchnlques employcd (sec Chaptcr 2 for a list) oniy 210 impreg-
natlons and a. technlqueldeveloped here have prov1de& a con51stent and
adequate LM V1sua]12atlon of meSleeal cells ~ The ZIO technique gives .
. an 1ntense nonspec1f1c stalnlng of mesogleal .cells in the mcsenterles
" in -areas where the t1ssue is ‘thin and contalns few overlylng muscles

. (e.g. Lhe free edge of the’ mesentery) ‘or 15 relat1vely thick and //

contalns ‘few muscles (e- g. the mesehtery near the sphlneter) If the

tissue is th1ck and contalns a thlck muscle layer only the muscles and-
a few endodermal cells will - stain. Also Araldite. sectxons of tissue:-

flxed in 3——46 fofﬁlc acid-and. 0. 1% 0s0,, show an 1ntense sta1n1ng of

all cells 1n the. mesoglea when sta1ned with toluldlne blue Unllke

the ZIO technlque ‘this.one 1is appllcable to> all areas of the body i
L‘Slnezkhoth technlques staln “all tynes of mesogleal cells the shape of’
fthe cells is the only character by whlch thettypes descrlbed below have
been dlstlngulshed | ‘

‘ <

For EM study the Cavey and Peteya fixatives were found to. be the

3 ®

.most sultable for general hlstology._ The 'Wood and Woods chromaffln
technlques and preflxatlon 1ncqpat10n with metaram1nol have been used

l - for the EM—level 1oca112at10n of catecholamlnes in the 'small mesogleaI
cell' (SMC) , Although 11m1ted examlnatlon has been made of- the mesoglea
throughout the body, thls report is llmlted to LM study of mesentery
whole mounts and’ to EM study of mesenterles, column, tentacle and oral.

’ aisc? . j o h"° B u'.t d dfh ‘ - | |

Results _

@

In LM examination of mesenteries two populations of mesogleal cells



']

are ev1dent One s the amoebocyte, wplch through its"largeusize;

lysosomes, and hlghly varlable shape is e3511y recognlzed and has
( o
'1usuolly been 1dent1ﬁ"u as an amoebocyte in prev1ous studles (Havet,

"1901, Leghxssa 1949; Batham et al s 1960). The other, wh1ch I will

“call the pqall mesogleal cell (SbC), is a small b1— tri-, or mu1t1—

-
A

‘polar cell whlch has flbres that may. or may not branch Thls cell has
elther been 1dent1fied as a’ neuron (Havet, 1901, 1921 Legh1ssa, 1949),
separated 1nto flbrocytes and neurons, (Leghlssa and Ma321, 1959

Leghissa, 1965), or else has been overlooked or confused with amoebo— fb
‘cytes in most other studles | '

The mesogleal amoebocyte has the most variable shape and appearance°,

of any cell type 1n an anemone._ In the mesenterles they vary from

spheres ‘to long f111form cells, but are usually elongated and only

Tarely bear P2 S. - In the tentacles and oral’ dlSC the amoebocyte

is usually elon d and may bear up to eight processes that are_w

.

: usually only a few m1crons 1n length (Flg 34) but wh1ch may be as
.

large as. the: rest of the cell (F1g 35) In 210- 1mpregnat1ons the

' amoebocytes sta1n 1ntense1y, more SO than the SMC only the cytoplasm Vo

and some ve51c1es staln leav1ng the lysosomes and other vesxcles clear o

‘(Flg 37) T T e

T

; On an. EM level the amoebocytes are characten1zed by thelr lyso-

'somes and by large numbers of dense core or solid ve51c1es (1500——3800 R

. 1
~'and 1300——2000 A) and by a small number of agranular ve51c1es L

(650——800 A) (Flg 6).: The appearance of ‘the electron-dense ve51cles

EY

. ;is dependent on the flxatlve, “in. Peteya—flxed tlssue the smaller class

is more electron dense and is compressed 1nto rod shaped v951c1es,>

PR L



I S 53
whileﬂwith Cavey fixationAthe.shéller class is only slightly nare dense

and both sizes are sphe&ical (Fig. 36j U ".'f . "\

gg o It is dlffleult to oonfldently 1dent1fy the other mesogleal cells

as a single cell type as is done here. As Leghissa has shown (Legh1ssa

- . ) and Mazzl, 1959; Leghlssa, 1965) the1r appearance is h1ghly varlable

After 1n1t1ally descr1b1ng the ‘SMC as a s1ngle class of neuron .
(Leghlssa, 1949) he separated thenm 1nto the neurocytes and flbrocytes

He reported that ‘the neurocyte °is- d1st1ngulsb€a from the f1brocyte by “¢"

. A- .
1ts larger volume, 1ts dlfferent stalnlng afflnltleS larger nucleus to

cytoplasm ratlo,'and by the tendency to be blpolar rather than" mult1—
polar .agranular rather than granular, and to‘have flbres that branch‘l

LT only rarely . The Z10 observatlons in thls study closely follow those
| of - Leghlssa in that nearly all of the b1polar SMC observed can be Loe

ﬁdentlfied as 'neurocytes' or 'flbrocytes'; how‘ver ‘no clear sub—

o dlv”51on can 'be made of. the tr1- and multlpolar SMC of Stomphia. More-

R # .
'hghinatlggrof'thegﬁﬂ ells indicates ‘that all of the ‘SMC are .

‘bf' 51!13},13 j«ga;? cfesp;hte xhe&?vaMa xon' in shape, Leghlssa also ‘has
L % . - - )

2%

o

tr1polar (Flgs. 39, F G H., 40 A, B), ;

’; 3'x 10 u, Lor multmpolar (Flg. 40, C,D,E, F G), 4 x 12 u, in shape.

- The nuole1 of the bipolar cells are ‘ovoid and f111 much of the cell

e’
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bodies while those of ‘the tri— and multxpolar cells are circular and

o . -

proportlonally smalder.‘ They are easxly d1st1ngu13hed from amOebocytos =
L
by the1f smallel 5120 and small. unifor@—d1ameter f1bres.~ The descrip- .jl’

~ tion of amoebocytes that have long branchxng>f1bres (Batham et al ’%, -

191961) is‘probaoly the result of cgnfu51ng«SMC thh amoebo;ytes.

b The.cﬁearest ev1dence thag the SMC 15 composed of two cell types

comgarable~to the flbrocyte aqd neurocyte of " Legh1ssa is found in the

B
[ o

morphology of thé bipolar cells. gg‘Legh1ssa»has shown 3 small number

t - >

+of the blpolaf“cells are cheracterlzed by & cytoplasm Wthh contalns

“no. v1s1ble ve51c1es and py a. relatlvely large (0 3——1 u) fibre wh1ch ’

. is granular and thelr f1bre

- rare to flnd a blpolar cell

- '1nfrequently shows first order branch1ng (Fig o38 A B G) Most of the

maln1ng b1polar SMC resemble the fxbrOcyte in that their, cytoplasm _

'anch frequently (F;g, 38 D%F G) It is-

appears to Be 1ntermed1ate between

‘ -~/ ji v
'these states in that it granular cytgplasm and unbranchlng flb o

o’ .
[4 . N e

" or is agranular and branchlng - In contrast numerous b1polar cells are :

P i

' Seen whlgh appear to grade 1nto tr1polar cells 1n that they have a

'-th1rd fibre wh1ch ar1ses.from-e1ther one end or from the m1dd1e 6¥ the

splndle shaped cell body (Flgs. 38 E H. 39' A B), Thus the blpolar

- SMC of Stomphza closely resemble those.of Acttnza (Legh1ssa 'qd Mazz1,

-1959) and appear to be composed of a dlscrete class of 'neurocytes' k
ST
and a class of 'fibrocytes' which grade 1nto the trlpolar flbrocytes.

”The tri- and multrpolar cells are more var1able in shape’than the

= N -

"bipolar SMC but are usualry elongated 3——4 i%AO—-IZ u, and usually -
- L .
: nge rlse to three to. f1ve processes.“ Thsar nucle1 are spher1ca1 and

:proportlonally smaller than those of the blpolar ce&ds.; Thelr flbres"

e
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and cell bod1es ma) contaln small stalned or’ unstalned ve51cles as 1n
~ ,.5 .
. \
the b1polar cells -and the cell bodles also may contaln large unstalned

0

ve51c1es (Flg 40&) whlch are noet seen ‘in the b1polars  The presence

“of neither type of ve51cle ean be assoclated w1th “the occurrence of

- <

- S branchlng of the flbres ' The flbres Qf the trl- and multlpolar SMC

are estlmated to be Q. ——O 5 uin dlameter, w1th rare var1c051t1es
that are up to 2y in dlameter Although the flbres of some cell§ do
not branch those .of mest cells show flrst second and thlrd order
dlchotomous branchlng (Flﬁ 40 A B E) ) In almost all cases of

branchlng there is a large aggregatlon of cytOpla;T' 0. 5—-3-u in di%

ameter, at the Junctlon of the branch, in extreme cases therefore the

Junctlon may resemble a t1ny trlpolar cell (F1g 40A) and give the fn'
/
1mpress1on that the net“ork formed by these cells 1s a syncytlum "

esplte the great var1ab111ty in shape and appearance of the SMC

‘ ." ‘f'on a LM level 1t appears from EU stqdy that all of them belong to a

s1ngle morphologlcal type In EM study only three typeS/of cells and

two types of flbres can be " found in the mesoglea of Sfc"phta they are .

.

the amoebocyte, the SMC a cell that is found pnly in the tentacles,»

i oral disc, and pharynx the axon of an ectodermal nerve whlch 1nnera

»

" vates the sunken ectodermal muscles (see Chapter 6), and one, flbre

-

F4 C -

'seen too rarely ?“\have been Identlfled 1n earller 1M studles.
As seen by EM’ the SMC 15 an 1rregularly elongated cell (Flgs

42) that has ‘a proportlonally smaller nucleus ‘than the amoebocyte

and whlch contalns moTe. mltochondrla and retlculum than does the

O

- amoebocyte The SMC 1s characterized by large numbers of sPherlcal,
to" elongated ve51cles (1200-—3700 R) that, 1n aldehyde flxed tlssue,'

4'\} ‘.\:,.' N
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‘are-solid (Fig.' 43) but whlch in permanganate-fixed tissue are solid-.

or dense-cored. = - . .

.other or wlth amoebocytes, and have never been seen te form 1nter—~'

- of the SMC but not the cell bodles, regularly 1nvade the tubes of

a

‘There {s some evidence that the

.histOIQgically different from

2

Therewis nq direct evidence, from this EM study, td support

LeghiSSaLs identification. of somegqﬁlthese cells as belng a: separate

classfof neuron. The SMC only'rarely come 1nto contact w1th"each

s

&

" sunken: ectodermal muscle flbres (Flg. 44), S0 that at any p01nt along,

the tube one to four SMC flbres can be found Althoughathey do not s;’
/ B v

appear to form Junctlons w1th the ‘nerve’ f1bres or w1th the, sarcoplasmlc

exten51ons of,the.muscle f;bres ey are in close prox1m1ty to both

LA Pan

1bres that are Klthln the tubes are ¢

Aose that lie in the mesoglea prov1d1ng

prellg}nary ev1dence that the S%E may have ‘a secretory Tunctlon.wy5e.5

*

1. Although a large number oE cell types of Storphta gontaln oL

catecholamlne (CA) conta nlng ve31cles ‘as ev1denced by their \j7

LN

- c iy

: ab1116y to take up exogenous/ A, only a few contaln sufch1ent1y hlgh

"'/

. endogenous concentrat1ons to show a p051t1ve reactlon to the EM-level

9

chromaffin technlques of Wo d (1963 1966) and ngds-(1969)..'These are;

e

N
‘the lysosomes of ectodermallamoebocytes, the secretory ves1c1es of

i h

some ectodermal and endodermal gland cells, the large ve51c1e found in

- ,ectodermal f1bre ty‘pe 2, and the veslcles of the S\C (Fr,g. 45) Thus

’,the ve51c1es of the SMC have not only one of the hlghest endogenous

lhlgher than that of theyves1cles of some ectodermal neurons known to -

3 A

=

cellular Junctlons, Houever, in the tentacles and oral dlso>the flbres '

v

"7concentratlons of CA among the cells of Qtomphza, but a c0ncentrat10n L
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K . . . - " . u o

’ cgntaln CA (see Chapter 6) Only those cells and flbres that 11e free

.lln the mesoglea have chromaffln—p051t1ve ve51c1es those;w1th1n-the

muscle tubes are always negatlve. ThlS apparent decrease in CA content

"‘of the ves1c1es can bé explalned in only two ways. 1) that the: muscle

H

fibres constltute a penetratlon barriér to- the flxatlve wh1ch allows

for a greater pref1xat10n=loss of CA from the processes w1th1n the//

s;tubes than from those w1th1n the mesoglea, and 2) that the SMC is.
. o oy
”_secretory, and that 1ts mechanlsm of CA release does not 1nvolve the

;lossiof%the ve51c1e or 1ts matrlx. From present knowledge nelther
L . o\
poss 1 'y 15 acceptable the questlonﬁﬁﬁ a secretory functlon of tRF

isMC w1k1 requ1re further study before it is resolved

S 2. Preflxat1on 1ncubat10n of an an1ma1 in metaram1nol shows an uptake

of the exogenous CA 1nto two types of - ecgodermal nerve flbres, -

_Lnté several of the nonnervous endodermal flbre types, and into the :

3

.ve51c1es of the SMC (Flg 44) Although uptake of metaramlnol 1nto the

’ectodermal and endodermal f1bres was regularly seen the results w1th

a

“the SMC were often negattve or questlonable In ‘some cases one tentacle"‘

'--Vfrom an anrmal would be negatlve whiﬁe the next showed an 1ncorp0rat10n

's

1nto the SMC 1mp1y1ng the presence of an unknown varlable in the -

'}tlssue whlch affects oBservatlons of the SMC or-of a hlgher sen51t1v1ty

v,

'of the SMC to Mg —1nduced 1nact1vat10n of CA uptake than 1n the other,

oaa,

o

‘cells studled

.

. h:»other cell or fibr types found 1n the mesoglea. . One is the ectodermal

9.t

ol
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bof muscle fibres it'1s frequently found crOSSing the mesoglea between

fromreaeh ;n thelr size range., ~Z e !

ad;aeent tubes (see Flg 92) arid neuromuscular Junctlons are often
/ - B

found on sarcoplasmlc exten51ons of the flbres which have extended out

from the tube rather than into 1ts core. ThlS zabre will be descr1bed -

\
v

in the follow1no chapter, 1t ‘is ment1oned here only to" record the

presence of a known nerve flbre w1th1n the mesogle% The . second is a
i ““

flbre characterlzed by solld_ve51c1es (1000——3500 A) (Flg. 46, A B)

It is the process of a large, S x 25 u, mesogleal ce11 of. unknown

nature; the cell body has been observed only once, on an EM level ‘and -

4

B
.‘w

its shape is therefore unknown It is found in low numbers oz%ﬁgan 7

the mesoglea of the tentacle,.oral dlSC and pharynk The th1f&f1s,

/ "y

: ©r
known from a unlque observat1on of a f1bre ‘in- the oral disc mesoglea

s

(F1g. 47 A ,B), whlch contalns agranular ve51c1es (500—-1300 A) s.

e ve51c1es are 51m11ar in appearance to. those found in ectodermal nerve

flbre type 4 (Chapter 6 Fig. 48) and to those found at endodermal

[
1nterneural synapses (thapter 3; Flgs. 28 and 29) but are’ dlStlnCt

Dlscuss1on ot R : i o
R | T : R . G
e In’thls study, .as in any neuroanatomlcal study of the mesoglea of

-2

ca -

gn anemone, there is only one questlon to be 1nvest1gated 2 whether‘

=

there are neural elements in the mesoglea.‘ Although 1t415 a questlon

that is bas1c to our understandlng of the anemone nervoug system, it 1s

~ ,‘,».

.a cpntrover51a1 subJect 1n whlch speculatlon has effectz?ely been

i discouraged.’;;‘}-j : l‘”;: gw ; :_}W, S f'r”'“A : °j e

) E



= 1959; Leghmssa and Quag11a, 1965) all reports of mesogleal neural

\

mesoglea, and that the only s;te of functlonal 1nteract10n between thef

- e

_ectoderm and end derm was at the aboral edge of the pharynx where the

two tlssue Iayeks are in dlrect contact (Hertw1g and Hertwlg, 1879)

' Although severél subsequent studles have 1nd1cated the presence of a

mesogleal nervous system in anemones (Havet, 901 ;97 Parker and

\Titus, '1916; Parker, 1919 Legh1ssa, 1949, 1965; Leghlssa and Mazzl, .

N elements have been reJected (Pantln, 195 Batham et al., 1961 for

rdylews see Bullock and Horrldge,\1965 and p. Chapman }974) This is

2

a partlcularly questlonable action’ 1n 11ght ‘of our detalled LM and EM

. knowledge of ‘a smm11ar‘mesog1ea1 nerve net in the Alcyonarla (chkson,
1895; A'shworth 1899 .Kasianow, 1908; Tltsghack 1968 1969; Bu1sson

~and: Franc, 1969 Bu1sson, 1970) ' As ‘a result of thlS adherence to the .

.

Hertw1gs' claim that the anemone mesoglea does not contaln nerves there

is little known " from accepted studles, of the mesogleal cells other

than that amoebocytes slmllar to those 1n ‘the ectoderm and endoderm are
also foun& in the mesoglea. " .?.Q A - ' vj‘; el
. Since’ theltlme of the Hertw1gs there has been no generally accepted

mOdlflC&thnS in our understandlng of how the ectoderm and" endoderm .
1nteract other than. 1) to postulate 1nteract10n at other known 51tes

of dlrect contact between the two tlssue layers (Pantln, 1952 Batham :

et al., 1961 Robson, 1965); ) to suggest that endodermal receptors

%

~can be d1rect1y st1mulated by mechan1cal stlmulatlon to the.column

ectoderm (Passano and Pant1n, 1955), dnd most 51gn1f1cant 3) to clalm'

that the large blpolar endodermal neuron crosses the mesoglea to

| 1nnervate'the~sunken sphlncter muscle fibres (Robsbn,,1965) and to'

R o

"v'.ir""' o ‘ Ll
Ao T - . Ll

.
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enter the oral dlSC ectoderm (Batham, 1965) Despite these=new reportsv«

of transmesogleal ‘nerve f1bres there is. 11ttle more known of the meso-
- S

p'gleal hlstology than the Hertw1gs had shown, the reports of the flbres'

~are poorly documented and need uggifhﬁatlon, -and the only recent’ ig&ﬁr
'.hlstoloﬁigal study of the mesoglea, cher than Leghlssafs ‘EM studles,

f‘has descrlbed only the amoebocyte f?oung, IQfI' c1ted by G. Chapman,

-1974) However, there now ex1sts prellmlnary phys1olog1cal ev1dence

for a transmesogleal pathway in the column of Stomphta (Lawn, personal

1

‘communlcat1on) W1th the comlng of such knowledge a closer 1ook w111
have to be taken ‘at ‘the mesoglea and at Legh1ssa s studles.

N
." *

mesogleal cell types and off two other cells, known only from the1r

h f1bres, wh1ch mav belong to the mesoglea or to one of the other cell

layers.‘ Observatlons allow llmlted dlscu551on of the poss1b111ty of .

'1the occurrence of nerve fibres. and of neurons 1n the mesoglea

z

Many anemones, have sunken muscle flelds Stamphta, for etample,"

' has sunken ectodermal longltudlnal muscles in the tentacles and oral,
disc, c1rculars in the column and pedal dlSC and a sunken sphlncter;'

If such muscle f1e1ds are neuronally 1nnervated we should expect to

-

' f1nd transmesogleal nerve flbres runnlng from the muscle tubes to the :

‘nerve net in the overlylng eplthellum. Robson s (1965) claim that "the
_large endodermal bipolar crosses the mesoglea to 1nnervate ‘the, sunken

.,sphincter of CaZZzaetzs is' the only credlted report of thlS txpe gf

1

A nva51odii§'neurons 1nto “an anemone mesoglea unfortunately, however,pff"

s "

':‘she d1d not substantlate her clalm w1th any mlcrographs. The report

'.1n this study of an ectodermhl nerve flbre in the tentacle and oral

o

The present study has 111ustrated the presence of three endogenous
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K
»
o

d1sc of Stomphta (see Chapter 6 for deSLrlpt1on) wh1ch runs thrﬂegh the
mesoglca separatlng adJacent muscle tubes 1s therefore the flrst docu-
mentation of a nerve f1bre Wthh 11es in an anemone mesoglea spec1f1c—

ally for the 1nnervatlon of sunken musculature.

v

The question of whether elements of - the ectodermaliand endodermal
nerve nets cross the mesoglea - to enter - the other layer is mgre dnffl- P
cult to explore. Such f1bres have been 1dent1f1ed in only thﬁee studies’
H (Havet, 1901; Leghlssa, 194Q .Batham,‘1965) and -as already stated L ‘t,”é
' Havet and Leghlssa have been dlscredlted for the1r descrlptlons of ¥ .;

\

',endogenous mesogFEal neurons and the report of Batham 1s too poorly
: -documented to be readlly acceptable. The present study can prov1de
l1tt1e relevant 1nformat10n ‘on the’ quest1on Large areas of the meso-."
glea of the oral dlSC have been examlned on an EM level w1thout obserV1ng '
:any structure which could be 1nterpreted as a transmesogleal nerve f1bre,
but such f1bres could ea511y be mlssed if thelr den51ty is low.
Aecordlng to Leghlssa (Leghlssa and Mazza, 1959 Leghlssa, 1965)

‘there are’ three types of meSOgleal cell one of whlch he\thought to be
Ta neuron however, in EM study he has been able to. 1dent1fy only the'
"amoebocyte and f1brocyte. From the present EM study it appears clear Lo
hat the f1brocyte and ‘neuron descrlbed by Leghlssa -are.a 51ng1e cell

type, descrlbed here as. the 'small mesogleal eell', but the resplts E ;'

T

‘ of th1s LM study are not as clear. In LM study the ma;orlty of the
: . [«

o

‘blpolar SMC conform Closely to Leghlssa s descrlpt1on of neurons and - '\

a ﬁebroeytes but the frequency of 1ntermedlate cells among the tri- and *

is - so hxgh that thelr subd1v151on ‘cannot be accepted

.

‘cugrence of zones of mesenterles whlch N

PR
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conta1n only neuron like or. fibrocyte—like cells indicates that there,
may. be some . Valldlt) to Legh1ssa s classiflcation of these cells. _

" This small mesogleal cell 1s known on an EM level only from the -

studles ‘of - Legh1ssa and myself Nelther of us have found 1t to form

.synapses or other spec1allved Junctlons with other types of cells'ﬂ

) thus the clearest ev1dence of its neuronal nature is lacklng Clrcum—

\ -

stant1a1 ev1dence has been presented here that may 1nd1cate a secretory
nature of the SMC The ve51c1es 1n its processes contaln relatively
fhlgh levels of & CA as ev1denced by a p051t1ve react1on to the Woods:

chromaff1n reactlon and they take up- exogenous CA and in the tentacle

and oral disc,: where the cell's processes are assoc1ated w1th the.

o sunken ectodormal mu5c1e f1bres the ve51c1es have a measurable lower

concentratlon of CA as eV1denced by a negatlve reactlon to the Woods

@

reaction. If thlS apparent drop 1n ‘the concentrétlon 1s related toa -

secretory act1v1ty of.thls cell, then the SMC may be seen to be °
; secretory or hormonal in nature. Clearly 1t 1s doubtful that a secre-'
ftory mechanlsm ex1sts 1n whlch there 1s no loss or change in morphology
_of the ve51c1evsuch as appears to be the case here. Nonetheless, it

‘1s hoped that these hrstochemlcal data w111 prov1de a basis for further
study of thls almost unknown class of cell. |

k It is cIear that we know very 11tt1e(of the- degree to whlch the.

anemone nervous system 1nvades the mesoglea. Although it appears that
some sunken muscle flelds are 1nnervated by ‘fibres of neurons that
:extend through'the mesoglea from the overlylng nerve net, there 1s no

) clearly demonstrated case of nerve flhres cr0551ng the mesoglea to

1nterconnect the eotoderm and endoderm or of endogenous mesdkleal

Loa o

2 neurons. ’ ' o h

-
»

a



~ erroneous belief that that was the only mesogieal cell type. Of

63

Our knowledge of the hlstologv ‘and functlon of the nonnervous meso-

glpal cells is . also 1nadequate What little is kn.wn of thelr functlon

'from the few recent studles of Polteva (1970f‘and Young (1971) (both as e

.c1ted in G. Chapman,-1974) has-been ascrlbcd to lamoebocytes' in the

iy

partlcular 1mportance for future stud1es is our need fo;'a detalled .

“

knowledge of the phy51ology and the hlstochemlstry of the small meso-‘A_

bgleal cell,

»Q;;‘, 3@"



" Chapter 5. |
A STUDY. OF THE FIKATIVE-INDUCED DESTRUCTION OF COMPONENTS
R OF THE ECTODERMAL FIBRE PLEXUS OF |
| ACTINIANS AND CERIANTHIDS |

troducot'i on,

-

Everyone whq has endeavoured to anatomize one of the
Actiniae must acknowledge the excessive difficulties which"
-accompany the attempt. The irritability of the. muscular.
tissues, their per51stent contractioen during manipulation,
the, confu51on caused by the abundance, of different cellular = =~
-h15tolog1ca1 elements, and the- general sliminess of the wvhole,
render the minute examrnation very troublesome and usually
very unsatlsfactory . : . »

: ' 'Duncanu(l874)

SRR

From the’earliest studfes neuroanatomistS'working on Cnidaria have

felt a need to 1nclude wlth their. data an- explanation of why the1r ¥,

studles have achieved so littl Even today the nervous System of

»

Cn1dar1a artlcularl that of the anemones is re uted to be amon the
P y P g

most dlfflcult for the LM hlSthOngt to study Partly as a result of
this our 11terature is a collectlon of contradlctory reports. It has

been only since 1952 when Batham, Pantln, and Robson 1ntroduced new

‘and standardlzed technlques of staining neurons, that a reproduclhle

.

plcture Was been obtalned of some aSpects of the nervous system (Pantin,

19525 Batham et al . 1960, Batham, 1956 1965 Robson, 1961, 1963
1965).' Cbns1derable problems remaln however. There have‘been only tﬁo:

. gene}ally aecepted add1t10ns to our knowledge of the ectodermal nerve

net since the Hertw1gs study (Batham, 1965 Robson 1965) Slmllarly,‘

o

almost nothlng is* known of the -esoglea (for rev1eWrsee Chapter 4).

/o,

©
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(/<' of greater'impqrthnce'then the incompleteness”of our knowledge‘is

&
that there is evidence. that our entire concept of the ectodermal ‘nerve

Lo

net 1s_1ncorrect. Recent EM stud1es of the. anemone nervous system‘

. (Leghissa and Quagjia, 1966; Kawaguti and Ogasawara,‘b967;'Westfall;

.

;1970; Peteya, 1973) have revealed a dense‘ectodermal p}exus of fibres -

& ) - - - . )
that has never béen seén in LM studies except for the lonngbrgotten

'.4studies of Von Heider (1877, 1879). The only explanatlon suggested for

Ananastomosxng web of peduncles and branchlng receptor axons has been

thls is that the maJorlty of the presumptlve nerve fxbres are beIow the

'level of LM resolutlon (Kawagutl, 1964) However, von Helder S accurate

.descrlptlon of this fibre- plexus dlsﬁroves this poss1b111tf/and also

prOV1des an alternatlve explanat1on for the inaccurate plcture seen in
all subsequent"LM studles of sectloned t1ssue Von Helder descrlbed as

being nervous. a dense plexus of flne-dlameter clear flbres that lie in

‘the lattlces of the "Iﬁterbasalnetz" (- retlculum), a network of darkly

sta1n1ng flbres whlch he descrlbed as the- peduncles of eplthellal
supportlng cells. He had used 1% OsOu n sea water.as a flxatlve
although fixatiVes that contalned only OSOu had fallen into dlsrepute.

by the 1870'5, thus his’ nerve plexus was dlscounted .as a fixation artl—
. 5

'fact when 1t ‘was not found 1n studles based on’ t1ssue flxed by other
_f1xat1ves (Hertwlg and Hertw1g, 1879 p 582) As a consequence ‘the

:Hertwlgs, and most subsequent workers, have 1nterpreted the ret1cu1um,

whlch is the only remalnlng 'subepithelial tlssue, as- belng composed of

.

the nervous system and of‘pedumcles. Torelli's (1952) theory that

cerlanthlds have no nervous system and that the ret1cu1um is ‘an

generally dlscounted _and 1s dlsproven by the recent EM-level demonstra&

“tion of a nerye net in"a cer1anth1d (Peteya, 1973)L

- Q

. .mv

e
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.from San Juan Island Washington.p

o - . . ) .\
- . . . - . \

Whlle recent EM studles appear to have conflrmed von Helder S .

observat1ons “on the nexrvous System there is- st111 confu51on over: the

'nature of the reticulum. It would appear that the ret1cu1um is composed

of'the SUpporting—cell peduncles, ‘as von Header.had sald- however,‘ln.

every specles that. thlS writer ‘has examlned the peduncles do not 11e in

o R

) the conformatlon descrlbed by von He1der or by any other worker.

Moreover some questlon must be ralsed as to how the ectogermal /

-

nerve net and flbre plexus have largely escaped recogn1t10n for almost

b

a century.' S1nce accurate observatlons of the plexus have not been

66

made until the relntroductlon of OsOa as a’ flxatlve in the EM studies L

_cited above, 1t would appear that the morphology of the plexus and
_p0551b1y of the retlculum\1s 1nfluenced by an unknown f1xat10n artxfact.
_Thls chapter is a’ report of ‘a. EM and EM study of effects of h1stolog1ca1

f1mat1ves on the gross morphology of the ectodermal plexus of the o
’;tentacles of several cer1anth1ds and actlnlans. A newly d1scovéred
'_flxatlon art1fact cau51ng the apparent destructlon of the flbres of

- some types of cells, 1nc1ud1ng neurons, is descrlbed which. precludes the

p0551b111ty of an accurate and complete observat1on ‘of the nervous

system in studles that use many of the’ most commonly used hlstologlcal

l

flxatlves. o v t

Materlals and Methods

s
.

 Two cerlanthld spec1es, Certantheopszs amerqpqpua and Pachydertan-

P

thus fimbrtatus and three anemone. specles. Stamphza.coccmnea, Mbtrtdzum

sentle and Anthopleura eleganttsstma, have been used for study.

'CerzantheOPSts was collected from St. Tereasa, Florlda and the ‘others

oo N
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'thevfibre ﬁlexus; 2) those Nthh produce lxttle observable damage to

g s e e
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Prior to flra oﬁ”khe animals we*e narce}mzed and dissected 1n equal

mo

parts of sea wate ;‘g@ﬁs z“GN!QQ OXJmately 50 histologxcnl

f1xat1wes have\bEen éxa ed 1nc1ud1ng most of those used previously in

" studles of actlnlan and cerlanxhld neTrvous systems. Tables 3 ang ‘4 11st o

the f1xat1yes ’thelr components, the fixation times,. d whlcb spec1es
were flxed in each The prOcedures for the preparat1on and usage of a

flxative have been taken from the sourcoi cited‘1n Tabkb 3 All fmxa-'-

3

tives were. prepared 1mmed1ate1y before their use., - Isolated tentacles?

e

were flxed in the 11ght (except for the Kenyon fixat1ve) and at 20 c

(except for the two Alexandrow1cz f1xat1ves which were at 4 C)} in, qbout

ike
507 t1mes their” volume of f1xat1ve. After flxat1on the tis sue,Mas
c,/ y §' v —, ;
deﬁydrated in efhanol (except for thosé flxed in the Alexandrowacz =

. e
flxatlves whlch requ1red butanol- ethanbl dehydration) and was embedded

¥

'1n Araldlte. Prelimlnary work us1ng wax embeddrpg'proveﬁ useless because

of the relat1ve1y poor resolut1on of deta1ls. i”r‘i” ‘ ‘.;,p’ig
Wlth the exceptlon of Flgure 49, which ;s fromva 8: ﬁ~wax'%ECfidudl

all 11ght mlcrographs were made from'ﬂ——Z u%Arald1te secﬁrpns th;; wér;

stéined,;n toluldlne blue.

o .

‘ g

~ As indicated in Table 4,,the f1xat1ves examlned may be separated

o e’.‘

into three greups/on the ba51s of the degree of damage that they cause' % y

to the fibres and. peduncles., 1) those that produce a retlculum that has
the copfiguretion reperted 1n most studles and whlchedo nbt preserve S
efihg? the p}exus or te the peduncles, and thus do not present a ret1cu1um,

.w
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E tmd 3) those fixatives that preserve the fihres of the plexus but. uhieh

cause the1r swelling, a swelllng which causes a mechanical distOrtion of ‘

b

;'the peduncles.,

‘ Tﬁe Rattculum

“+

A retlculum is formed by 12 of the. flxatives tested ihEIhdiné mahy

- of the;most popular' Bouln BraS11 Batham, Fol VomRath b SdSa, Orth,

‘;Zenker Helly, Zenker s w1th formic.acid forma11n~acet1c alcohol and

“DeCastro. When examined in wax Sect1ons such t1ssue reveals a retlculum :

: “‘\/ : .
1dent1ca1 to that descr;bed 1n mOSt of the ear11er studles of’a roticulum

CFLg 49) In such thzck sectlons the retxculum appears as a dense net—
“Qlwork of 1nterconnected flbres that lxes between the eplthelaum ana :he
muscle'layer. The fxbres e1ther 11e 1n the plane of the retzculum or"
else run through it from the eplthellum to the mesoglea but it is not

p0551b1e to d1fferent1ate the two groups of f1bre by their sxze orm-

sta1n1n characterlstlcs. flbres of the ret1cu1um freel 1nterconnect
g

‘and appear, as - Torelllngscrlbed (Torelll,

52), to be a network of ﬁ
~branching flbres. ta R ,-_ "“3-€}f:;p;f;;: ’ e o
In th1n sed%lons the separat1on of the flbree 1nte two classes isb

.ohyxous (Fig. 50) The radial’ elements, 1nterpreted as peduncles, are
thicker and do not branch or 1nterconnect thh each other or w1th the
’ flbres lylng in the plan% of the ret1culum, the second‘ poss1g1y nervous.
,fibre appears “to ‘form a branch1ng network.and usually canhot be traced f‘.
1nto “the- ep1the11um or onri‘ihe neSOglea. Wh11e 1t 1s too fine a deta11
- to reproduce 1n photographs it can sometxmes be seen on the mncroscope

.'_that both types of flbre aég aggregates of a frner flbre and that at

e J . . .-

"’5
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Junctlons in the retlculum-these flne fibres may cross .over from one

I3

bundle to another Thls wWas seen bv Tore111 (195“) uho 1nterpreted some <

<>

/of the flne flbres as belng branchlng receptor axons that Tun along -

anastom051ng peduncles.' EM examlnatlon, however, 1nd1cates that a11 of -
CetA 8

he small flbres that compose thc lafge f1bres of the retlculum are of-

S TS

"‘a sangle type;- The two types of bundle seen in LM appear to dlffer only '

o

in the nﬁmber of” flbres that they contaln (F1g 51) ’ It is p0551b1e to

.Ldentlfy these flbres as the peduncles 51nce thev can be traced 1nt8

the eplthellum where some°301n wlth supportlng cell cell bodles also

- B

;n EM stud} of‘osmlum-flxed tlssue the only comparable structures W1th1n :

A~ . . . [ ]

the zone of the retlculum are bund es of m1crof11aments that run w1th1n I

¢

BRI

u

s% v [ o g ._‘ Q’Lk
the peduncles (Flg. S’) (Peteya' 1 73 Chapter 6 of thxs the51s, and ‘ >

unpubl1shed) .'7 fH":- ;' SRR o L

. Injtassue preserved by any of these f1xat1ves wh;ch produce ‘a.

retlculum the only hlstologlcal élements that can be 1dent1£;ed by LM

S ,\

study, 1n£1ud1ng dark fleid phasea in’ the zone of the retipulum aﬁp-ame

v

pedﬁncles of support1ng cells and of Luscle cells, “and the cell bodles

of muscle cells amoebocytes and neurons.' In such tlssue the f1bres R

v
. .

whlch comprlse the subep1the11a1 plexus cannotwbe seen and EM exam1na~ )

. .>f“ e J A

tlon of Batham~f1xed tlssue 1nd1cates that the plexus is not present 1n

that tlssue (F1g 51) Slnce there 15 ev1dence-that the f1bre plexus gj;f NE

&

15 composed of as mapy as ten dlfferent types of flbres (Peteya, 1973

Chapter 6, of thls thes1s), 1t wodld appear that the mechanlsm whereby
the fxbres are destroyed is nonspec1f1C‘ 1ndeed of 511 the f1xativesfsfi;§'

3.

whlch destroy flbres only the Hertwrg maceratxng fxxatzve distxngulshes L S



<9

\4 .
«©

..‘i . s ,v . - " : - : ! .;. " i .
. ! . : ’ ’ -

types only.

"The FLbre Plexus -7 o o A : e T

Most of ‘the flxatlves 11sted in Table 3 preserve the flbre plexus N
Sy o -,

1ntact but w1th con51derab1e varlation 1‘?1 the aVeTagé dlameter of the
-flbres (Flgs. 52 So, 55, 56 57 5& 59) Such uswelllng 15 al,gp seen

in some f1~<atlon procedures for EM study. Out of ovcr 40 flxatlves

£s

sl fo?ﬂwthat thls wr1ter used :m the study of Qtompina and Cemantheops-z,s

'ﬁ;‘;/”.or%iaigé_'f'de-dlchromte flxatlves (Wood and Barrnett 1963 'doods, o
IBE L ki S S
- ‘1969) caused 8 notn:eable swelhng of the flbres in S'torzphta but 1n

‘l:’ o

SRS Cemcmtheopszs each of more than 20 aldehyde flxatlves examlned z:aused

-

a swelhng of the flbres (Flg. So) that resuluted ‘in some cases, n,the

o #

‘rupturmg of flbres,‘lncludlng those of neurons and of nerve Somata )
(Flg. 54) and in the deformat;:lon of the :mterspersed support1ng—ce11
‘ ;peduncles. From observation of varylng degrees of flbre swelhng and '
) ot of t$ conc,onutant peduncle deformatlon d. modei has been developed
relat:mg the destructlon of the flbre plexus to $§1CUIUIR forn’t%z
L There is 11ttle ev1dence acf f;lbre swell:.ng in osmum— and - ’
S 'permanganate-f:.xed tlssue and it is beheved that these fxxatlves
.;presept a ‘normal' plctu:re bf t'\e plexus and of the supportxng-cell L t
g ,..._,‘peduncles (Flg‘s.ﬂsz 55 56) In such ilssue the pedtmcles un in a
dlrec; course from theu ce\l boc(hes in the ep1the11um to, the mesoglea,

'they do not cluster, brangh, or anastomose (except in Hemdzwn, where

: v R :
the peduncles are clustﬁred at tncxr msert;.on to: the ne.soglea) Thus L

o \. K ‘- :;-

gegembhng thé retlculum, as descnbed above or ;'\ ghe 11tera— -

= ,;“ 1n v{’ 11 flxed tlssue (Pigs. SS 56). In hddltum, .a'_‘
‘l‘éﬂas i&ent:.ca fo ,,that descrﬂ:ed b)‘v von Hexder (1879) 1s apparent




1
¥

:I,They are. well characterl’ed from the peduncles by thelr llghter

’_~pH 7. 3) (F1gs 59, po 61) In‘preV1ous studles fbrnaldehyde—f1xed

wt""’;"j‘v"' )
1 :

b"The plexus c n51sts of & layer up to 20 flbres in th;ckness of
_‘tlghtly packed flbres that are orlented para11e1 to the t1ssue surfhce

. and whlch fxll the space between the ep1the11um ‘and the muscle layer.

-Although qu1te varlable between spec1es in 1ts conStltuents (Westfall
R - .

'et al., 1970) the plexus appears sxmllar ‘on a LM lewel in all the

Z.Spec1es examlned here. - The average dlameter of the- f1bres 1s less than

-0 3 u makxng them Just v151b1e 1n 11ght mlcrographs (F1gs. 55, 56)

o

sta1n1ng, but 1nd1v1dua1 types cannot be dlstlnguished on a, LM level
Among the f1xat1ves that preserve the plexus“there are a few thata~
ud1d llttle .or. no v151b1e damage to the flbreS' Champy, ohnson

Flemmlng }382 and ]884 Flemmlng w;thout acetlc ac1d fbrmlc ac1d wlth

t osmium (Flg. 56), aﬂﬂ Herman But most caused a swelllng of the flbres:f

*to two or more t1nes thelr normal 51ze. Beyond-a certaln degreebof

So-e 1n51ght 1nto the hechanlsm of the fbrmatlon off the ret1cu1um

N I .

Y
H

'it1ssue flxed 1n‘10% com-erc1a1 fbrnaldehyde (1n sea water, adJusted to

X +

&

71

A and the dzsappearance of the plexus can be pad from EM examlnatldn of _t.

:*;fvt1ssue has been reported to have a ret1cu1um 1dent1ca1 to ﬁhat described

tabove, and no f1bre plexus was seen CTore111& 1938). However, 1n LM

ff;da1k~fie1d phase study of 1-—2 u Araldlte ;ectlons the plexus is: eV1dent

ol

”t“ and a retrculu-, 1n the sense of a netuork-l1ke configﬂ!itxon of the -

L3
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" plexus. o LSl i

;.

T

- . -
e

those'fixntives'ghat*p:oduee¥a>§e;icu1um“aﬁd those which preserve the
‘ ' o e ‘ » ’ . T

v
< . . - . |

dnlike the -éu;ipdrting-céfl peduncles in tissue which show a true'

retlculum, those in formaldehyde—fi«ed(tlssue are all ﬁttached to the .

e mesoglea Most of the peduncles are found lylng 1n bundles of flve to

ten whlch Tun 1rregular1y through the fxbre plexus to the mesoglea '

< s

(F1g 59), seen in ‘thick sectlons the bundLes overlap g1V1ng thevfalse
1mpre551on of a. retlculum Thelr aggregatlon 1nto bundles supports the

theory that the 1arge radlal elements Qf a retlculum are. bundles-of ;;

peduncle:, and by 1nference that the 51m1lar th1n flbres are solltary

¢ . .4‘~ . B

ppduncles Also, sxnce the peduncles are normallx sep

thelr aggregatlon durlng fxtatlon in whlch this degree of flbre swelllng

is seen 1nd1cates that the resu1t1ng pressures between the,Peduncles and

>

fxbres causes a rupturlng of the f;bres. It 15 poss1b1eéthat wlth
L

greater swellxng of the flbres some of the peduncles that are not

-

bumchgg into these low—pressure channels, created by the ruptur1ng of
- €
f1bres, ‘are d1slodge3\from the mesoglea to form the smaller unorlented

elements of the ret1cu1um ;_1_ v o ;7“” : FE ef ;
The 1nab111ty to resolve the f1bre plexus i formaldehyde«flxed
tlssue except by dark f1e1d phase l1ght mlcroscopy appears to result

«

from a poorer flxatxon of the f1bres than of the surrogpdlng t1ssue .

(F1gs. 39 60 61) “While the cell menbranes anq moOst, of the’ orgaﬁelles :

are preserved in botéw%he flbres (F1g. 60) and in the peduncles and

-nscle flbres (F1g._61), the cytoplaSn of - the fxbres g; vashed out and
N

,contalns unusually low numbets of’organelles.. Also, the nenbranes of

bOth ihe flbres (Fxg. 60) and of the cytoplaqmlc rldges of the muscles

@»,
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.

otcurs also in f1x1t10n procedures that do not preserve membranes and -

»mlcrotubes it would appear that nothlng would,be left of the neurons .

determlne lta relat1%n to the neérvous syst""

fsupportlng cens,

. -
@

(Figs. 59 61) haveebeen hrdken'by'the swelling of the“fibres and.

musclesi' Thxs damage is 11m1ted in the case of the muscles and it 15

C easy to :race their limits (Flg 61), 1n the case of the flbres, however,

n"

it is dlffxcult to find enough membrane to dlStlngUJSh one fibre from -

®

‘ another (Flg. 60). ° If thls'damage seen . thh-flxatlon by formaldehyde,

o

and assoc1ated eells.ofvthe plexus*but their nucle;, m1tpchpndr1a, and

.vesicles. u"._ R _“”‘ C ."'“4“ ;@-'

B S
b e

. ‘. . . T
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Discussion = . e S - (LR

Wet*’c&lum A‘.A‘ ) . ‘ " . ' ) | o ‘_ . : " . ‘» ﬁ
B The purpose of thls study ha: been to defxne the retlculum and to/A E

to the flbre plexus. :

< " .
There’ have“been three fﬁeor1es of the nature and compos1t10n of the retlc-;
,.“ .‘&' ﬁ .
ulum‘ 1) that. 19‘15 couqued of the peduncles of the supportlng cells

e d »

and that the flbrei of‘the Pletus lie between them (Von Helder, 1879

",Peteya, 1973), 5) thzt 1t is made}up of both peduncles and neurons and

that there is no. f1b plexus (Hertwlg and Hertwlg, 1879 McMurrlch

+

>

1890 Cerfontalne, 1909 Torelll, 1938 Leghlssa 1949 Aﬁéﬁi‘1965), and

‘3) that the retlculum is composed\ofnpeduncles and of receptor axons, and

&

R _that there is no nervous system CToreill, 195’). Further, there is
'con51derab1e varlatlon 1n the detalled descrlptlontof -the appearance of

.. the retlculun, although all stud1es, except Peteya (1973) lhave agxeed

o

'_that its" constxtuents are 1nterconnected to. form a network It s been Rt

'ﬁ{vfound here thaf the ret1cu1um is couposed solely of’the peduncles of “ 915

-~
and tha; thexr morphology 15 dépendent on ‘a prev1ously




undescr1bed flxatlon artlfact. In weli-fixed tissue'the pedunEIes run“

) radxally‘ frg thelr cell bodles in t;he ep1the11um to the underly:mg o
: N :
_mesoglea, 1n.thls conformatlon they do’ not const1tute a retlculum, in the

. e

) sense of the network that has been descr1bed 1n all prevxous stud1es.

'Many f1xat1ves, howbver cause.a severe swelllng<)f the flbres Qf the

:fpletus whlch in turn mechanlcally dlstorts the pedumcles 1nto a network

G

it is in this dlstorted conformatton that the peduncles compr15e what

.

as been descrlbed s the retlculum. S K _ ':1--~'1 : -
. . ¢

E ) an ear11er study 1t was suggested ;hat the retlculum be def1ned
by its components (Peteya 1973) However, after see1ng the great varl-

atlon in the appearance of peduncles it 1s now clear, that the retlculum )
4 oK

must be defined by its morphdiogy' that the retlculum is a network lxke

'conf1gurat16n of the supportlng cell peduncles. Defxned~1n th1s way,the N

\
‘term not only eneompasses all prev1ous structures descrlbed under this’

term (exeept for the ,'retzculum' of . fomaldehvde flxed t1ssue wh1ch ‘?‘s

5
been shown here not to be a ret1cu1um0 'but may cont1nue to be used to
descr1be thls partlcular type of tlssue forhatxon.

-
-

e The presence or absence of a retlculum, 1n tissue belng used for
study of the nervous. system, is of some dlagnostlc value s1nce the

f1xat1ves that produce one do so'by cau51ng ‘a severe swelllng damage to

©

e . ot

the flbre plexus whlch makes the plexus dlfflpult or 1mp0551b1e to see.
1n LM study.- EM study of tlssue flxed 1n formaldehyde 1nd1cates thet J

sone flxatlves preserve the plexus but modlfy the stalnlng and opn;cal

4,.

prOpertxé§ of the flbres SO that they can ‘be..seen,, 1n thls wr1ter s

Therefore\é in- the case of

S R g - REARY

e o B expenence, only nth phase m,;moseor‘

v o . B .’ . v,»

o
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Mlller (seev'l'abie 4), the - pOSSlblllt)’ exlsts that the stalnmg p"tocedhre

determlnes whether or not the plexus can be v1sua11zed Of greater .

s i'fnpoi‘tance, howeve'r, is that many techniques:’, ‘1nc1ud1ng most ef ,those

-

used m prevmus stud1es of anemonedlervous systems, apparently destroy

the flbreoplexus : whlch mcludes the nerve net dnnng fixation. This
I T L DR T ee B . .

concluslon 1s base’ﬂ an three observatlons 1)“ that, durin‘g thes 1ast -

.-

: century anemone ﬁ1§t01‘0315ts I.?gwpuﬂ amn over 100 wo’!“’k years studylng '
o . . e;f_ s .

a number of specmes of anemones w1th a large nmbe%”of Wa,nlngﬂ’a‘ind
fxxat1on procedures but. have never @xcept for v&x Helder) observed
.the.f:xbre plexus- 2) in study here the plexus cannot be resolved in
trseue h.w1ng a retxculum even mth Optlcal enhancement of th1n sections;

3) in the case of tlssue flxed 1n Batham s t'he, flbre plexus cannot be

1dent1f1ed o an EM level.
- ' ‘ . ‘ . . :

Q Technztle C'ons demtr.ans '
S Regardless of the effects stafns mght have on the v1sual1zat10n ;f'
poorly flxed flbres ‘the effect ‘which the destructlon of the plexus by
.aaflxat1ves such as Bathmﬁs & '.', rHelIy. Bouln and FAA has on .,
Pour knowledge of the ectodermal nerve net’ 1.-5 cbvn,ﬁns. ' In future studles _

of act;uuans, cerlant}nds, and posmbly other anthozoens care must be S
taken to employ h15tolog1cal i“miques that do not 51gn1f1cant1y damaget

the flbre plexus. _‘f SRR S o " IR .

@ Prev:.ous study of the md@es that have been used in. studxes of -
anemone nervous systems 1nd1cates that most are w1thout value because of
stainxng artlfacts (Batham et al., 1961) As a result most current work

/”

ihzes two technxques Jﬁoth developed by Batham, Pannn and Robson‘ :
‘?\‘\.
(1960), that are relatxvely free of s‘tazn artlfacts and wru.ch prov:.de




-

« o L 76

c o

‘a good and conslstent demonstratlon of part, of the ncrvous system. These

-:

are a modlfled Holmes silver 1mpregnatlon wh1ch requlres flxatlon in’

: «Batham s and a methylene blue staln for wh1ch Susa s, or. Alexandrow1cz s

1960 f1xat1ve have been used as . f1xat1ves Oﬁ,these only the -
Alexandrow;cz preserves the plexus and it does con51derable damage to

bthe.flbres -

The present study prov1des little dlrectlon to a Search fbﬁnnew

Y

"technlques of study as no LM technlques used here gave sta1ni§g/of

: ;ectodermal neurons. But it is possible to meke a few §tatéﬁénts'andq\§ !

Sy
R O From the'f1xat1ves listed. in Table 4 a generalzzatlon

recommendatlon whlch may prove help@@l" ‘ﬂ“ﬁ
_”«» L S e Ee :

: made
(‘_) "
that flxatlves contalnlng elther p1cr1c ac1d or mercuric Qllorlde .

are almost worthless as flxatlves for the ectodermal nerve net

“.

‘2, There 1s-eV1dence that the postf1xat1on treatment of'a tlssue cam
// \—-\m P 4 K )
selectlvely destroy elements of th_

v

'lexus~ in’ lut raldehyde f1xed

-

: ectodermal plexus a.e destroyed even though the remalnlng f1brés Are
ST N - : S o
well preserved.A- i"ék\ _ ' *» ‘v »‘

"3; s Flnally, two unexplored technlques Leghlssa s, (1949) chromaffln

and the Champy-Malllet ZIO impregnatlon, should be poznted out G

Thesg,’1n the wr1ter s exper:ence, g1ve an adequate preservat1on of the
plexus and have some promise for stalnlng its components. ’ . ‘\ .o

Leghxssa has been dlscredlted for his descr1pt10n of mesogleal

neurons (Pantin,_1952 Batham et a%& 1960 for dxscussxon see Chapter 3),‘~

but has presented a détalled plcture of the ectodermal nerve net from fg

. o
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‘that several types contajn:!&ines.
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A,

‘studies‘ﬁased on his chromaffin technique which*has largely been veri-

fied by the less complete studies of those who discredited him (Batham, .-

1

i965;‘Robsbh, 196S). Thus, when we disregarded hiskobservatidﬁs,'We

. also lost what appear*o be the most successful known technique for the

LM study of ectodermal neurons. A ZIO impregnatid‘ihas been used Hekef‘l

(see Chapter 3) to<staiq-some'types of endodermal neurons and receptors.
Although stdaining of ectodermal neurons was not achieved, it shéuld Be{
possgbie to apply this relativ§§§'sehsitive technique for amines to the .
.. e -~ - e 4 ; . . : :

ectodermal neurons since histochemical study (see Chapter 5)indicates

a

s
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Chapter 6

THE ECTODERM

Introduction
1

The ectoderm is the outermost -tissue- laver of an anemone and 1s 1n
\

3

dlrect contact w;th the m111eu As mlght therefore be expected both

its. nonnervous ‘and nervous hlstolog) are’ considerably more complex than '

_those of the endoderm and mesoglea. The physiological and anatom1ca1

“complexlty of the ectoderm has long been recognlzed and the great

,,‘,& e
maJorlty of our efforts Ln the study of the anemone nervous system has
LT S : '
. g
been directed toward its. ectodermal components.; Indeed, 1t‘1s only

)

through-the recent studles of Batham, Pantin and Robson (Pantln, 1952;

+ ., Batham et al., 1960 1q61 Batham, 1965 Robson, 1961 1963 196‘) that™

of

o than from the c1ass1c‘ﬁ¥§tw1g study (Hertwlg and Hertw1g, 1879)

. R

‘;,

Desplte our interest in the ectoderm there is- 11tt1e known about'

its nervejnet.- With the except1on of von He1der 51877 1879) all neuro—

“anatomists who have worked with sectloned tissue descrlbed a structure

known- as the retlculum' .as be1ng the ectodermal nervous system. ‘As

‘T shown in Chapter 5 however, the ret1cu1um 1s composed solely of the :

‘\

. peduncles of eplthellal supportlng cells, and the1r dis ortion 1nto the :

network-like conformation that characterizes the' retlculum 1s the result

"»of a fzxatlon damage whlch also,v1n most cases, results in the, 8estruc-.A
- ti&n of the flbre plexus. As a result the maJorlty ‘of “the 11terature .

on. the ectodermal nerve net. is xnvalxd or at least questxonable, only

-

'the observatlons of Legh1ssa aﬂd of Batham and Robson anpear to have a

T { e



clear va11d1ty. ' : ,

_ From her methylene blue study. of Stomphta, Robson (l963) has R
.descrxbed a complex of b1— and multzpolar neurOns in the oral dlsc._hThej"
) multlpolar cells usually have three or four axons, appear to be 10——15 u
in: d1ameter (measured from her plates), -and are ahgned ah}xg the

1nsertlon of mesenteries. The bipolar neurons are larger, and although

a

it is stated that they ''run obl1quely ‘to the rad11 or along them" the

plates show that they haVe a clear or1entation 1n a cxrcle around the
mouth. Both cells extend throughout the dlSC and are most freqUent in

the outer oral dlSC but nelther were seen in: the tentacles._ These

.

.blpolar neurons are presumably the\same as those descr1bed by Batham
(1965) in thetredtum.' Batham used her s1lver technlque rather than
methylene blue and, : although she dxq,not see the‘multlpolar cells

~apparently achrpved a more complete vzsuallzatlon of the b1polar neurons

‘than d1d Robson. Batham descrlbed two 51ze classes of ectodermal -

* vs s m o~ @--_&‘-,;A»':? K, ﬁ_‘}v v

blpolar neurons. ‘One is a smell cell that lies w1thout clear orienta-
.tlon in the tentacles ‘and oral dlSC) The second probably the blpolar

‘:neuron of Robson, 1s a large cell, 4—=7 @ 1n dlameter (presumably

i

"‘measured in the axon), whlch 1s or1ented in clrcles around the m::fh
© and whlch 1s concentrated 1n the outer dlsc. In add1t1on, the aXons of

~the. large blpolar extend into the tentacles (only four to six enter,

’

‘each tentacle and have a dzameter of only 2——3 u), and extend through

.(

the d1sc mesoglea to connect W1th the large endodermal blpolar neurons.

Batham belleved both s1zes of ectodermal bxpolar neurons to be 1dent1ca1iiv'b

. te

- to-the large endodermal bipolar neurons however hér demonstratxon of

'cells'pa551ng thrbugh the‘mesoglea is not: clear and needs verxflcat1on. _f»*a

0"



Lo

®

IS

[
-

Also,'if it is true that

dlsc ectoderm, dise endod

the snme elass of . b1polar neurbn is seen

-3

erm, and mesentery endoderm then ‘there is some

" 80

in the -

d1ff1cu1ty in understandlng why Rohson s methylene blue study nllustrated

the b1polar neuronsleg th
in the disc endoderm

Leghissa h&b also de

Vand larger mu1t1polar ect
' oral dlSC (Legh1ssa, 1949
Although hlS data are. dzscounted because of hlS descrlptlonrof mesogleah

. neural.components tsee Ch

. the ectodermal nerve: qerl

except that Leghlssa did: not flnd blpolar cells tha

(%

In addltion to those obserVatlons wh;ch Batham and Robson have

Leghlssa has clalmed that

©

e dle ectoderm and mesentery ehdoderm but not

>cr1bed a complex of.small and lérge’hipoiar

odermal neurons that are concentrated in the )
1950, - 1965 Leghlssa and- Qpag11a, 1966).J

apter 5 for dlscu551on) hls'observatlons of

s ckosely match those of Batham apd Robson '

4 d

<

t crOSS the !ecoglea..f*

‘;;pllcatea \

a b1polar neuron (he does not state what 51ze)

extends into the pharynx and that the multlpolar extendswghroughout tho\ ' \

.-

.

tentacles.» In EM §tudy Leghlssa has 1dent1f1ed only a“b1polar (apparently

the smallftype) and the multlpolar neuron whlch are 1.2 x 2, 8 u and

2 3:x 3 5 u, xeSpectlvely

‘ méasurements are cons1der

vindueed‘eyelllng

) are. taken Friom osmlum—flx

-~

measurements of these cel

(Leghlssa and Quag11a, 1966) Although these
ably less than any of those from M study they
.

ed txssué and are probably the most accurate"

1< It has already been demonstrated (see

Chapter 5) that the ectodermal nerVe f‘bres are sublect to a fixatxve-

I,
It aPP

enrs that~tha‘ g severely ;Ifected the

4

PR

-
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qbout 10—-15 u in dianeter, whereas in this EM study of permanganatdnfixed“

discs of Stonpw thﬁt same cells ire only s 'y in diameter.

n

and Ogasa ' pi; Westtail, 1970"1973- Westfall et el., 1970) ‘little o

- . . O
has' been . o our knowledge. Ip all, Species examined, a subepxthelxal

_'plexus ok ’ s comparable to that first descr1bed bf von Helder (1877

1879) r'en found ‘such a nerve plexus' is ‘also known in the ectoderm

vof madreporla (Kawagutl, 1964) ‘and cerxantharla (Peteya, 1973) In the

°spec1es examlned by this wrlter these plexuses vary frOm Séf?ﬁ_ffh;;;/ln '

thickness (measured in cross sections at the base of a tentacle) Thus‘"
a section through the base of a tentacle would ‘show several thousand |
? presumptlye nerve f1bres, a higher number than found in the mhrglnal
ganglion of a medusa {Mackie, 1969) DeSpite thxs 1mp11cat10n the- :
‘Aposs1b111ty that the nerve plexus'tontains a signlflcant proportion of .
' ;nonnervous elements has not been explored Recently however (Peteya, o

Y

;§;1973),. has been shown that the nerve plexus of Certantheapszs cpntalns'

have ﬁeen a. few EM studies since- Leghissa s (anagut1 v,

"about 50% of apparently nonnervous{fibres, and that the endodermal plexus o

o

f Stamph}a contalns less than 10% nervous f1bres (see Chapter 3) For -

, ‘th1s reason it has been suggested that the mlsleading term 'nerve plexus' :

uﬁ\~be abandoned for ‘fxbre plexus' (see Chapter 3)

. . .

Th;s 15 the f1rst attempt made at«a comprehens;ve EM study of an”

actxhlan ectodermal f1bre plexus° prewlous studxes have been lxmited to

the plexus of the tentacles and have descrxbed only recognlzable ‘nerve ,f-;

\ fibres. Thd e anatomlcally dastxnct ectgdergal plexuses h%ﬁ? been found
\ N ‘v’
one “in the pharynx oraI d1se, and\tentacles, a second in

< .
-
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':‘fibres 1n_the ectodermal plexuses has been made., The d1st;nct10n between {@

"undertake ‘a conipléete study of the ectodermg}»plexu es and my zeport of *

‘1nfluenqe on the morphology of synapses ‘in Stomphza ﬁi’ 1ﬁ some‘cases can -

. , .o N
v ":v.“ o .,"82

Wt o . -

‘. . B a

‘disc.' In addxtion a sparse plexus 15 fdund 1n the column that contaxns

fibre' types - found in the second and third plexuses and which possibly

c%Fnect the two.‘,lye deflnition of»the plexuses is prel1m1nary, there

. is con31derable var:atlon in the dlstrlbutlon of the flbre types thhxn

' 1

the first plexus end Several typés are fohnd in both plekuses 1 and 2

and in 2 and 3 However each pléxus as deflned here can be character-

fized by several predomlnant fxbre types wh1ch are un1que “to that plexus.

n» r,‘

Although 1t has not been 90551ble 1n th;s study to characterlze ~all

k3

l [N P
of‘the1m components, a, tentative 1dentif1cat10n of over 20 types of, -

-

4

'types is often smaLl and “the. morphology of many 13\1nfluenced by/thé type

N

- S o . »

Al

I
of‘fnxatxon creatlng 90n51j:’#2ie problems in the agpurate eharacterizatxon .

1 b r,,_

-

. i

*them in th1s chapter is 1;m1tea to recogn zeble rqceptors and nedrons«” ?

. N L.

Observatlons 1nd1cate that f1xat1ves also have an ubusuallyférept'

. w -

~

"determlne thelr recogn;t}on. Thus. dgaendlng on the technlque of f1xa-:f‘

‘t1on fhe téntacular nerve net can Vary/

'Qtypes of nerve f1bfes, each deflned by a, morpholog1cally d1s inctssynaps
s types to avplexus sﬁch as Leghissa S&L in Actznta tLeghlssi an& Quaglaa,
-1966) which contalns ?o xecognlzable»xnterneural synapse

iinterpretation xs therefore more dlfficult. s % /'

;n apparent complexlty:from four

7
|

and whose a

A description of‘the ectodermal amoebocyfe Gfll also be gl#%n, T
e - i ‘/;
beeause of itS‘morphology 1t mny hdye been deserjbed prev1ously as . an

' N " o " “ . N -A ‘»

~ . . . . . MR - St NP B ¥ 'r R Lo (I
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- of types of fibres. Because of- thls? itv has prove_ too dlfflcult to e




.hMater1als and Methods . / o il S

All of the LM technlques llsted in Chapter 2 under sectlohs 'whole

mounts' and 'hlstochemlstry have been used w1thout success; to sta1n

“ 4 Ly

‘neurons in tﬁe ectoderm LM V1suallzat10n of neuron- 11ke celLs has been

. A

~“ﬂach1eved only w1th the modlfled Hertw1g maceratlon procedure but 1t has

.Of ‘the flxatlves used 1ﬂ‘th15 study Cavey s gave ‘the' best preserﬁatlon

- of the flbres but only permanganate 1n Sea water prov1dedtfor a clearf

not been poss1b1e to determlne thelr nature, and the technlque has been:

11tt1e used 'Q, :h . R J;" 5‘.:} '4." 'J‘A :
Great d1ff1cu1ty has been experlenced in the EM study of the ecto— L
C -

& -

. detmal flbre plexuses of Stcmphta s1nce»the morphology of the ve51c1es s

useg to 1denf1fy flbre types 1s dependent on the type of f;xatlve used

N

ident1f1cat10n of all of the nerve flbre types 1dent1fied 1n the plexuSu'

of the tentacles and oral dlSC '

.

]

Catecholamlne locallzat1on has been achleved by the Wood (1963)

and ‘Woods (1969) chromaffln technlques 'and by metaram1nol 1ncubat10n.

r .
Some exper1mentat1on has ‘been made W1th ‘the Pfennlnger (1971) synapse 5;'
. .4

‘stain.and with ZIOglmpregnatlons (Martln et al., 1969), butpnelther has

‘given positive results. y

| General Histology

- co o - . T . /-

. ° . - ’ .o ! . )
{ RO . . . ce

]

Results . | e R i 7'.>f ST

The hlstology of the ectoderm éf an actlnlan)ls complex and 11tt1e N

known' somé descr:ptlon “of- it must be. glv%n as a background Although

«

-each reglon ‘of the body (pedal dxsc .column, tentacle ?r34J615C pharynx,f‘-

and 51phonog1yph) 154h15tolog1cally d15t1nct the ectodérm of Stomphta

»
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-a‘, to - N

can be d1v1ded 1nto two maJor zones on . the b3515 bf general 6;m115r1t1es

. e e et - ;.-::‘A: v.{- IR h.. 3 n._'_.:\ ‘ .. :~ ', R . .} . ,. .. . N ‘
in thelr organ1zatlon _ Lo NG, . N

N

The fxrst _zone is composed of" the tenta\ies, oral disc and pharynx."

In® the tentacIes the ectoderm is- composed of the three d1st1nct 1ayé§s

~ N

e that JEe descrlbed in textbook accounts‘of Cnldarla they are a super—

f1c1a1 ep1the11um .a ba51ep1the11a1 flbre plexu§ and a muscle layer,v

wh1ch in: Stomphza is formed 1nto ‘tubes that are suﬁken into the mesoglea-

PO ’ - © e . -

(FlgS’ 62 63, 73) - The orai dlSC is 1dentxca1 except that the ﬁrequency

of muscle f1bres and ce115\decfeases to near zéro in the 1nner oral dlsq-'.

v - o e

and muscle flbres are rarely found even 1n the pharynx estab11sh1ng a

~

cont}nulty of organlzatlon between theSe three<reg10ns of the body. _In

' these areas 'the eplthellum is- composed of tall columnar ce]]s w1th

.
'.z

'supportlng cells and gland cells predomlnatlng (aiso r eptors and cnido—
Ld ’/‘/’\
blasts in the tentacles and dlSC) The nature of/thgﬂflbre’ﬁiexus is
4 o .
largely unknown-‘ft contalns a. nerve.net in the\tentacle and dlSC, but

. iE? neural elements have been found here in the pharynx., The muscle.";j

; * s

'-system con51sts of'the same two types of. flbrés descr1bed in the endoderm

Y N T ’ o
(see Chapter 3), the majorlty are. type A flbres wlth a- small number of

. ’ *

\ " type B randomly dxstrlbuted They are. 1nnervated,1n at least two ways.f» g

\\1) the sunken tubes per1od1ca11y fuse w1th the flbre plexus‘where they

\ ece1ve ‘a dr?ect 1nnervat10n, and 2) nerVe flbres have been fbund 1y1né
{ i the mesoglea-between the plexus and. the muscle«tubesvand havefbeeﬁ?’l
‘Seen. runnlng betwaen adjacent tubes. d_. <‘,'”e“t*§' :::::;?; L
4.-ty The second zone of thenectoderm is the column,and pedal d1s f tf t:

-
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_‘plexué.‘ Three h15tolog1Ca11y d1st1nct reglons can be d15t1ngu1shed 1n

o

the column and dlSC ) the column ectoderm whlch overl1es the sph1ncter,
2) the column below the - level of the sphlncter and 3) the pedal d1sc

g Ross (Ross and Sutton 1966) has found that a, S. dtdemon w1ll sw1m "

in response to a\contact betwgen its tentacles and the column of a S

. cocéinea. No ‘other part of the body of S. coccznea is effectlve in

— evok1ng thlS response apd the column uh1ch overlzes the sphlncter is

,ine tlmes more effectlve than the column below the level of the ; o
sph1ncter. There aré - several hlstologlcar~d1fferences between these

| two areas of column Whlle the eplthellum of both is composed prlmarlly

i

of supportlng cells and gland cells the eplthellum over the sphlncter

\

,;/.‘.contalns fewer gland cells and a dafferent type (F1g -64) than 1s found
S

-

in the column (F1g. 66) ‘ Also nematocysts -are- found only in the ecto-wg

derm overly1ng the sphlncter.. The ectoderm over the sphlncter contalns
H \ . -~ ey -

p0551ble receptor and a well deVeloped bas1ep1thellal fibre - plexus .fl {}:b

(Flg 65) in which three apparent nerve flbre types have been 1dent1f1ed

Below thG level of the sphlncter the plexus breaks down 1nto a number of
| '
' 1solated bundles of flbres (Flgs. 66 67) whlch may prov1de an 1nter-

connectlon w1th the plexus of the pedal d1sc no nerve flbres have been

. > T

supportlng*cells, cnldocytes, and a varbety of gland cells (Flg. 68) e

" 3

. ~A superf1¢1al receptor has been foumd whlch is unlque 'to the dlsc. The

¢

bas1ep1the11a1 fibre plexus 1s~sparse (Fig 69) and no nerve flbres o

vy . A

L have ‘been 1dent1f1ed w1th1n the dlSC. ,x_f'? i ',f"f : ,-,L-' S

N
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7_‘expanded to several macrons 1n dlameter ‘at. thelr surface

) . ;o . Caa L LI

.T%éjNeuraZ E?emente‘of)thé‘ﬂ@ﬁ%aebee;loral'Disd, and‘Pharyng. R

A e
WA

-

<

Only one’ type of receptor, “"the c111ary—cone sensory cell‘ hasdbeen

1dent1f1ed in these reglons of the body In Stomphta 1t 1s found

.'throughouq the tentacles and the outer oral;dlsc It 1s a blpolar

7ep1the11a1 cell whose sensory apparatus, the cone 1s-we11 known but'
which has oftén been confused with cnldoc115 S1m11ar but dastinct types‘i-

‘of receptors are found in the column and pedal d1sc of. Stomphta. It.has‘h

N \ v
, been found here that the cone is. not the apparatus of a. 51ng1e pell asi

of a mu1t1ce11u1ar sensory structure in the Anthozoa

‘ ,
apparatuses of a cluster of receptors. ThlS is the flrst emonstra 1on

R

l.'.

The cone is. formed- of the comb1ned sensory apparatuses of a cluster :

of f1ve to seven sensory cells (F1gs. 70, 71), rather than Just one ce11

'?as has been reported prev1ou51y (von He1der, 1877 Hettw1g and Hertw1g,

: 1879 Groselj, 1909 Pantln 1942 Legh1ssa, 1949 Marxscal 1974).‘ Each

is a prlmary b1polar sensory ce11 1y1ng in the ectodermal eplthellum,

and each bears a 51ng1e axon that extends 1nto the ba51ep1the11a1 flbne -

fplexus (F1gs. 72, 73) The cells never occur 1n 1solatlon and w1th1n

_:There is one central cell that has a short, narrow dendrlte surrounded by

- four to 51x morpholog1ca11y d1$t1nct perlpheral cells whose dendrltes are»”’A

each cluSter two types of receptor can be dlstlngu1shed (Flgs. 72 74)

i
e

-

-

The dendrite of the central cell bears a C111um w thln a c1rc1e of

°

f1ve to ten stereoc111a.' These 11e at the center of the eone and are the:

“a

tallest structures in 1t. Most ofothé per1phera1 cells hear only

has - been reported in all earller studles,—but is the comblned sensory . e

)
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> 1nto the dendr1te.

R . -’.:‘) - o ot ‘ . 3 o ot !
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.

stereocil:a but OCCa51ona11y cells were found that had a: smngle caluum :{,7,

Y‘
.,-

'(F1g 74) and many were seen that had a basal body but no c111um Each
“'Lperlpheral ce11 dontrlbutes between 30 and 100 stereoe111a to the forma- iw

't1on of a cone, and some cells were seen that gave stereoc111a to two

separate cones. These stereoc1l1a are dlrected toward the tiP of the

‘central cell c111Um, thus the comb;ned senSOfy apparatuses of the cells

-;of a cluster form a dlscre 'cone shaped mass: that is; between 2 and 9 u

\ : : -~ . . ' . . N

in helght )

° ' ‘ ‘ ' ’ T
The 942 c111um 15 unmodifled from those of adjacent nonsensory cells.-

( .

It ;s 0. 3 u 1n dlameter and between 2 and 15 u 1n length it'is dSually
the he1ght of the cone, but may extend beyond it.r The baSal body has an

accessory centrlole and a narrow strlated rootlet that extends up to 4 u

C o

The stereoc111a of rhe central cell are between 2 and 9 W in. length

a

“and 0. 3-—0 S H 1n d1ameter at the1r base taperlng to 0.2 u at the t1p.

They form a c1rc1e,around the c111um keeplng‘a dlstance of 0 3——0 6 u

from 1t in thelr basal two- th1rds (Flg. 75) but approath and touch the f"
N e

' c111um near the apex of the cone. The regularlty of thls arrangemént 5‘

’

may be related to the numerous cross brldges found between the stereo-

:} cilla (Flgs. 75 76) ' The!stereOC111a o{bthe per1phera1 cells are

A . B S e T L e, N~ R DI e e

between 0 4 and 9 H, 1n length and are only 0 05 -0.2. u 1n d1ameter. . They
\ ¢ 6 .

_are clustered onto the slde of the cell nearest the central cell and are.j-~f7'

arranged sa-that thelr length and dlameter decrease w1th dlstance from
the center,of the cone (Flgs. 70 71) The stereoc111a contaip/flne

e

fabrlls about 40‘K in dlameter that are more electron-dense 1n,the x

| stereoc;lla of therperlphejfl cells,than 1n those of the central cell

©a
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:(Fig. 76)}' ln central cells these flbrlls extend as bundles for apout 1 u

1nto the dendr1te whereaf those of the stereocilxa of peripberal cells

quickly disperse to form a small web . : e Do e -

The sensory-cell dendrlte conta:ns the f1br115 “of the stereo

. microtubules, m1tochpndrla, endoplasmic ret1cu1um, and several"

~
W -

ve51cles.” The surface of the perxpheral _gell dendrlte contalns large i
’-

e’

» numbers of 2200 K electron dense ve51cles that are characterlst1c of-it '

rﬂ-(Fig. 72) The cell body contalns an ovo1d nucleus, well developed Golgl

complexes, m1tochondraa, endoplasm1c retlculum and lysosomes. ‘The aan

may conta1n some retlculum.near 1ts or1g1n, but otherw1se conta1ns only

o%

fllaments ahd 600——1500 K ve51cles. It has been ppss1b1e to 1dent1fy :

the axon;rn the_flbre plexus; it w111 be descr1bed 1n the follow1ng '

o
P
3

sectlon.
The nerve fibre of the pZexus SO R »-;’~ ‘{_'?\_ L
The flbre plexus of‘the tentacles,voral disc and: pharynx is: composed

e

~°°f about ten types of flbres (as w;th the endodermal flbres types are :
deflned by var1at1ons 1n thelr ve51c1e population) : Many of the flbres
couta1n CA-contalnlng vesicles whlch show a f1xat10n dependent morphology

. comparable 1n formsto that exper1enced 1n EM study of vertebrate am1nerg1c

'. nerve/flbres (Thureson Kleln et al., 1973) 2 Although some attempt has

been made to determ1ne the correct def1n1t10n of ‘the’ varlous flbres

»through comparlson of apparent types produced by a var1ety of flxatlves,yh

‘1n thlS study no character1zat10n of all components of the plexus has |

'Vabeen»reached. Rather thansdescrlbe a. dublous catalogue of flbres Qh1sl4f‘*

: report and those of the other two plexuses are limated to»only those h

: f1bre types clearly identiflable as nervous by the presence of synapses.

.V°,,:a.£; o lT;'fr"fy4‘v
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For ease of comparisons, the characteristics of the ectodermal nerve- fxbre-
.types are summar1eed in Table 5. : : _ \‘ '?: - \:: “.
» . . -

;u Nerve-fibre type 1 is be11eved to be the axon. of the c111ary cone
receptor. It 1s numerous throughout the tentacle and outer oral dnsc
but is‘not found in the inner disc or pharynx It is identified'as the

-

axon of the receptor because of-a 51mlﬂar1ty inﬂthelr frequency and + °

LY

distribution ard 1ﬁnone case a flbre of this type was traced tb a cell
: body’1n the epithelium belleVed to be that of a c111ary cone receptor
(Flg 77) ‘The fibre is 0. 3——1 0 u in diameter and contains two popula-
i'élons of vesicles; the major class is 600~—900 K in diameter and is
‘.found at the synapse (Flgs 78 79 80, 81) and in large numbers through—~”
h_out the axon and occ351ona11y in the soma the second cons1sts of a
-small number qf ve51cles 800—1600 K An dlameter found‘scattered through
‘the soma and axon. The morphology of both types is dependent upon the.
:"type of flxatlve- 1n osmlum fixed tlssue both ‘are agranular, in )
F“aldehyde f1xed tissue the synaptlc ve51c1es are agranular and the large
:are dense cored and in permanganate fixed tissue both are dense cored-
or SOlld The Synaptlc ve51c1es show an uptake of exogenously applled
.metaram1nol 1ndacat1ng that they are CA- contalnlng ve51c1es (compare
. Figs. 79 and 80). = v,' N »'u S 1 A
' ‘The synapSes‘are-about 0.25 ¥ in dfameter and are characterized by
a small aggregate, one. or two rows deep, of vesicles and by a sllghtly o
1ncreased electron den51ty of the 200 R-w1de synapt1c .gap (Flgs 79 80,
J81);> For reasons that are unclear thlS synapse is extremely dlfflcult

to recognlze.- It 1s best\observed in permanganate-flxed tzssue taken

from an an1ma1 that was 1ncubated 1naa CA Just.prlor to £1xatlon, in,

® .
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‘such tissue this synapse has an observed frequency as high as 50 synapses

per 1000° u of section area of fibre plexus at the base of a tentacle.

‘.

In contrast, in permanganate -fixed tissue of an . animal that was not
incubated in CA the synapse is rare and in osnuum- or in aldehyde f1xe’
Atissue only the most doubtful 1dent1f1cat1on of this synapse has been
made. f In these latter tlssues apparent synapses can be 1dent1f1ed by

the appos1t1on of vesicles agaxnst a membrane in an area where the 2

’

fibre rs,apposed to another (F1g 81), but more frequently ‘such vesicle

>

Ayl S OCCur where'there is no postsynaptlc fibre.

Nerve—fibre type 2 is found throughout the tentacle and oral disc,

\

: but not 1n the pharynx, it has also been found in the p¥exus _of the ~
column (see the next section). = Its morphology is closely 51m11ar to

that of nerve- f1bre type -1 and is’ ea511y confused with 1t. Type 2 is

a. 0 4——1 u dlameter f1bre characterlzed by the presence of mlcrotubes

and three classes of ves1c1es -the most numerous 1s a 600——900 X vesicle

» /
- found both at synapses and scattered in the cytoplasm the second is

0——1f00 K and the third is 2000-—3009 R in diameter (Flg. 82). The

_ f1rst two types of ve51c1es are 1dent1cal in appearance and behaV1our

~ -

“to f1xat1ves to the two types ‘found in nerve- fibre type 1; in addltlon_

the synaptlc ve51c1es of type 2 also take up exogenous metaram1nol' -

EFig. 83) ' The only d1st1nct1on between the two- types OF fibres 1s.

‘the presence of the thlrd class of ves1c1e in type'2 and that the

-

1‘,synapse of 2 1s larger than those of type 1. The th1rd class of vesicle -

in this’ flbre is electron-dense and dense—cored or " 5011d 1n all flxatlon
- . {

\‘procedures used - 1n thlS study' it is- chromaff1n-pos1t1ve by the Woods

techniques butf1tsvmorphology is not affected by 1ncubat10n in metaramanol

L
s
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The synapse of. nerve-fibre type 2 appears~to be identical®to that
. of e 1 except that its average dxameter is about d.s u, twice zhat
of those of type 1. However, whereas the synapses. of typc4? can usually

be seen only in perﬂanganate fixed tissue, those of\type 2 'can be

%o

ident1f1ed in tlssue flxed by any of the f1xat1Ves used in th1s study
(Figs. 83 84, 85) except for the Peteya f1xat1ve wh1ch blocks recogni-

tion of not only this synapse but also those of fibre typesol and'S.
Neﬁve~fibre type 3 is a giant\fibre t;at is seen onlyrdn‘the
proximal half of the tentacles and in the outer oral disc.,\These fibres
_are either 0.3—1.2 u or 2—6 ¥ in diameter; limited ev.idence; suggests
that the larger fibres branch dichotomo?Sly (Fig. 36) and that‘\he
smaller fibres are{collateral branche§ of the largesfibres (Fi;. 87).

Both sizes of fibre contain two size classes of vesicles; the synaﬁt1c

%

vesicles are between 450 and 630 3 and,are agranular in all f1xat1on

. procedures used, and the other is a small number of ve51c1es B

o

(1300-—2000 A) that are dense- cored in alloprocedures used The fibre

does not appear to be aminergic as the morphology of the ve51c1es is

2,

not changed by prefixation incubation in metaram1nol or in aﬁm-noradren-
~ ,

o

aline. ;o ' - S , i ’ s

.The synip%es of both the giént'fibre and its collateral are farge

<

‘up to 1.5 1n diameter, and are character1zed by gap and postsynapt1c
structures (Flgs. 88 89, 90 '91) not found at other synapses. The *

synaptlc vesicles are. loosely packed into a group rarely more than one
.
" vesicle in thlckness, there are no organ1zed presynaptlc pro;ect1ons .
- i

but there is often an aggregat1on of electron dense mater;al w1thrn the'

luster of ve51c1es. The gap is 250 X w1de and 1s crossed by bars :

<
o N o .
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simflar to thlse found at sca}arifofm junctions (Fié. 88) (compare to .

. Fain-Maurel and Cassier, x972). The'bars are 60—70 X.in width-and

spaced about 300 A apart, . ‘center to center' they can.-be seen only in °
permanganate flxed ‘tissue, 4and then are not found at all synapses of
this type. The postsynaptic cytoplasm usually contaxns a membrane sac

that varies in complexity from what . appears to, be a sac of reticulum

. ?

(F1g. 89) to large hlghly convoluted sacs and tubes of an unknown °

nature or organ1zat10n (Fag, 90). Occasionally these sacs are m1591ng

-

in wh1ch case perlodxc electron derise” pro;ect1ons may* be found attached

.

- to the postsynaptlc membrane (F1g. 91) " With- the p0551b1e exception N
‘of the 1nterneura1 synapse 1dent1f1ed in the endoderm (Chapter 3) this °*
15 the only type of synapse found in Stomphza wh1ch has shown clear
substructural speclallzat1ons that could be used 1n the rec0gn1t1on and

\ character1zat10n of a synapse. . '

. Nerve-fibre type4 is found in the, teﬁtacles and in the oral disc,
except for the area Just surroundlng the mouth it lies primariiy'within

‘the sunken tubes of’ ectadermal muscle f1bres. The fibres are frequently

.

seéen crossing the’mesoglea between adjdtentutubes (Fig. 92), ‘and can

also be found 1y1ng 1n the mesoglea between the tubes and the f1bre
plexus 1nd1cat1ng that they may cross from the plexus to the tubes of
‘ muscle f1bres. -However, this f1bre has never been found in. the plexus

of the ectoderm; it iS~descr1bed as_an ectodermal fibre only becadse it
innervates the ectodermal muscles. - , .

- ‘v Type 4 1s a branch1ng fibre (0 2——1 4§ in d1ameter), wh1ch conta1ns

-

: n1tochondr1a, ret1cu1um, glycogen, nlcrotubules, and Ves1oles that are

‘.

SOOA—SQO.A and_800—-1809 At;n'dlameter. The larger class is: dense cored

. . . - -« :
: v
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in all fixation procedures used, and does not ‘take up exogenous metara-

. minol. The smaller vesicles are found scattered in the fibre'end'

aggregated at synapses (Figs. 93 94, 95 96), in tissue fixed by 030

or by eldehydes they are agranular (Fig. 93), but in permanganate-fixed

_“' majority of the fihres have.synapticévesicles that have a weakly

tissue the synaptic vesicles of a small number (less than 1%) of the

nerve fibres have a dense corE.(Fig. 94) and ianlO lmpregnntlons the -

stained dense core (F1g 95) Prefixption incubation in a-m-noradrena-

line does not affect the morphology of the synaptic vesicles. Although
the synapse often shows an 1ncreased electron density of the membranes

and gap in relation to adjacent membranes and extracellular space there

o

are no e'ldent substructural membrane spec1alizat10ns at this synapse.

'1n dlameter and are at least 3 ¢ in maximum length most are directed ., *

-

: dependent upon the technique of flxatlon, with the apparent synaptic

Neuromuscular synapses though found on the muscle- cell cell bodxés-
are usually on the muscle fibres or on 'sarcoplasmlc extens1ons' from

the fibres (Fig. 92, 96). ynapses on the cell bod1es or the f1bres

usually have a m1tochondr1on closely apposed to the postsynaptxc
-~
membrane wh1le there is only rarely a mitochondrion associated w1th

those onto the extensxon. These extens1ons .are between 600 and 3000 A

. -

‘toward the core of the tubes of muscle f1bres, where the nerve fibres

are concentrated, but others extend out of the tube and synapse& are

.

occa51onally seen between these extensions and nerve f1bres that lié

free in the mesoglea. B ' - .

T%e effect of f%xutzvee on the recognttzon of synapses. In several

vertebrate systems the recogn1t10n of synapses has been fOund to be

[y - .

93
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frequepcy varyihg as much as 25% between two fixation pxoc.durol

. (Vrensert and DﬁGroot. lﬂ' 'morc are no sﬁi lar reports nong the
invortobrates, _however, tho failure of sone studies- (chhi:al and ’ &
Quugria, 1966 Cobb and Mullins, 1973; for.s rovicw(gf mollyscan liter-

. atur® see Pentreath and Bcrry. 1975)0to find any interneursal synapses
.,

may indicate a coupurable effect of fixatives on.the recognition:of

o
.

synapses in some invertebrates.

~

. Of the four types of synapses identified in the tentacles and oral

disc only the neuromusculnr type can be féund in approximately the same

. L.

numbers in tissue fixed by any of the procedures in this study

o

(1, Westfall's osmium—dichromnte' 2, Cavéy's-glutaraldehyde—rutheniun

red; 3 Peteyg s glutaraldehyde formaldehyde 4, permanganate). By

conpar1son the 1nterneura1 synapses of nerve-fibre typés 2 and 3 -

appear to be two to ‘three times more frequent in permanganate-fixed
tissue than in tissue fixed by aldeh]‘p or 0sO,; and the semnsory synapse

of type 1 cag_be confldently identified only in permanganate-flxed
tissue. The potentjal effects of fixatives upon the apparent synaptic
3
oqplexxty of the hervous system is further emphasized by the effects

of the Peteya fixative. This -fixative was developed and used in an

é;rlierlstudy of the nervous system of a cerianthid (Peteya, 1973) in

which it gave a fixation of synapses superior to 20 other aldehyde®
procedurés ;s;d; however; in Sizmpmka this fixative somehow obscures
recognition of each of the interneurai ;ynépse tipes identified- in

‘fhisofibre plexas. ‘ r )

-

<

The cell body, of the multtpolar neuron In the ?ha:ynx, oral .

disc and tentacles the fibre plexus contains several types of cell

.
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segments of their procouu contain any ot tho vouclu uMch chqmtcr- %
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bodin including thrn typosanm to bur ﬂhru. l\a can be ;dqtlﬂﬁ o
. e o' o« et < i PO
. neuronal by mir -ofpholocy mo !’M «H Nin m m gnithi -

ize the vartom typo» of fibreas, Ono, hovovor. can tcnuﬁ.v!ty be . P

'smuma 23° the -umpom- neuron, described by Laghtssa (1949) “asids Lo

lwbson (1963) o Like that g\curq; thh cell u fo\nd only ln thc oﬂl A
disc md tenucle:, and h fqund in rourhbly hr“ numbers in tho Umor .

-
o h

oral disc, The cell lvoragu"s x 5°u nnd has a s-ll circuhr nuclm

*

nvornglng °1.6 y; it bears scwru 0.2 u-dimt'r proc.uuo(l’i;. 97)

wu contain two cl_asus of vosi‘:i m. i:rodnced by tha Golgi *

) nppnrltus is l 600 x cgunulu: v“ielc u\d €he second h a dmc-com
"or solid vesicle (750— 2000 X).‘ n ﬁdi;ioa tho cell cdntaim d(gopuntc

reticulun, nitochondria and mltivlsoiculnr bodies. s e

mml&lmtaoftwce&wm'ejfw,f L ..Q“ .
The ectoderm of the calumn has ‘not_ bocn studied in’ the denll givca °

to that of the tentacle and ortl digc' in this study it is possible te ©

®

'give only a partial description of the tt;reeoor fmxr tpparcnt neural

cle-ents idq,ntxfiecf in the colu-n : Efich nns bgen fq;und only in that part

of ‘the column that overlies the sphincter . This ma of ;he column has

“Q

a large fwre plexus (Flg. 65), coqosed of approxinfedy six typés qf
fibrea, which decre&es in size u;g coq)lenty tovard its prro:dul efid ,
until, belou the* sph&\gter i.t osnsists dny of :scittered bundles of - coe _

S ’

fibres whiq:h do not tappear to conﬁgin any of the nerve fibtvs (Fi;. 6f)
'mese t‘ib&e bunqlles extena throinghout the cnhﬂ\ and possibly providi a .‘.O o

L Y .
’ connection between the plemsos of thd coluux tnd pedad disc. Tl'!o: e
elmnts inferpreted hen as’ boing neuraul uvo a’ possible cpithoﬂnl
s < b e " g R4 ¢
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» receptor, thé flbre 1dent1f1ed as’ nerve fibre type 2 An the plexus of
"the tentacles and oral dlSC and one or two other types of flbres wh1ch

“bear what=appear to_be synapses, . f'>'

Receptors -~ o N : ‘
. - S e R

”5 Study ‘of the column ectoderm has glven only one observatlon offa

p0551ble receptor. Only the sensory apparatus was seen,'lt con51sts of

©

a c1l1um surrounded by flve 0 6 u dlameter stereoc111a (F1g 98) Thls"
. e .

' structure is.. dlStlnCt from the sensory apphratuses of €he gland cells

:'and cnldoblasts found in - the column ectoder,‘and therefore may be the

Lo’

o

sensory apparatus of a receptor.“ ,,,..' L ;r e l. S ‘hvv

. The nerve fibres of the plexus _"vl .

- Nerve—f?bre type 2 is the predom1nant type in the column 11ke the

others 1n fhe column 1t 1s ﬁound only in the area overlylng the sphlncter

Unllke those seen 1n the tentacles and’ oral d1sc, the columnar type 2

o

f1bres usually have a system of brancclng tubules 400 K in dlameter, fj

P c

an_ unknown nature but are otherw1§e 1dent1ca1 te those 1n the tentacles

Fl

and dlSC (compare Flgs. 82 and 101)

- .

Nerve-fhbre type 51is a f1bre which bears synapses up to 1.1 ¥ in

dlameter that have 1rregular1y compressed dense—core ve51cles

(500——750 ﬂ) (F1gs. 99 lOO).- The gap is 200 K W1de whlgh 1n some cases.

~ig-an obvious 1ncrease 1n separatlon of‘the two f1bres from that at

9 L

nonsynapt1c areas. There are ng other features Wthh 1ndlcate that these

S .
areas of apposltlon are synapses, ané the1r 1sent1f1cat10n as. such is:
=

"tentatlve.u In add1t10n ro the synaptlc ves1c1es the f1bre~conta1ns ‘a .

’ small number of dense core~ve51c1es retlculum, nutochondrla glycogen, e
: 2 R
and a netwogiaof anastomos1ng tubes Wthh are 400 A in dlameter. o SRR

R



i
et
ik

[

zathe flbre bundles of the stereoc111a of this cell extsnd 1nto the

v

’:_ o Nerve fibre type/s is a class created for a flbre seerm, ‘only tw1ce

© -

to\bear possible: unpolarlzed synapses (Fig. 102) The synaptlc veszcles

are between 500 and 800 R 1n dlameter, are spher1cal to 1rregularly

3

flattened in shape, and are agranular iw aldehyde f1xed tlssue The gap

is 200 A w1de whlch is-comparable to that seen ‘at’ known synapses but

S :
there are. no gap nor membrane spec1allzat10ns whlch aid in the 1dent1f15

o

cat10n of these structures as synapses.

!

The NeuraZ Elements of the PedaZ Dzsc e "jk" S . ‘T‘. e

The ectoderm of the pedal dlSC con51sts of a tall columnar eplthel—-
1um (Flg. 68) and of a sparse subeplthellal flbre plexus (Flg 69) Thef
ep1the11um 1s predomlnated by supportlng cells and gland cells .gnd‘.'

appears to have a den51ty of receptors comparable tg thaﬁ of the tentacle

: ectoderm The flbre plexus appears to be: composed of numerous inter-

connected bundles of f1bres, wh1ch vary from one to f1ve f1bres 1n"

thlckness rather thah be1ng a homogenous layer as in the tentacles.

The plexus is compo;gd of»only about four types of flbres none of wh1¢h bA‘

have been seen. to bear synapses.r The presence of a nerve net. in the

plexus may, however,vbe presumed 51nce the eplthellum conta1ns a receptor.-

The eplthellal receptor!ns a solltary, b1polar cell whose sensory

=4

apparatus lies at the free~surface of the tlssue.. The sensory apparatus

. ‘i
closely resembles that of the central cell of a cluster of c111ary cone

.'receptors (see above), it consists of a 51ngle c111um w1th1n a c1rcle

4

, of stereoc1l1a (1500——3500 K in dlameter) (Flgs. 103 105) that'are at

' .least 4 uin maxrmum length °Un11ke those in the c111ary—cone receptors

4 dendr1te for at least 3 u as dlscrete bundles (Flg. 103) The“dendrite'
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may also contaln numerous mlcrotubes (F/\\ 103) In sectlons tangentlal

A °

. L% .
- to the tlssue surface 1t,can be seen that the sensory apparatus of this -

cell is usually surrounded by about SO stereoc1lla, or flbre fllled

m1crov1ll1 that arlse from adJacent cells (Flg 105) In thlS way it

-

. closely resembles the organlzatlon of a cfilary cone 1n whlch the sensoryy

7

apparatus of the central cell is surrounded by stereoc111a which arise

13

from perlpheral receptors. However in thls case the accessory cells'

\ LN

surroundlng the‘receptor are support1ng eells characterlzed by 5011d

sve51cles (7'boo K) (Fig.’ 103) . " R o

: \'

The dendrlte is about l 5 u in dlameter at the surface and 1° -

N v

5-12 u long (Frg. 104) In add1t10n to the f1bres of the stereoc111a

- and the mrcrotubes the dendrlte contalns small numbers of mltochondrla

e

retlculum and agranular ve51cles The cell body 110$ high 1n the

ep1the11um and contalns an ov01d nucleus and a large supranuclear Golgl:ﬁf’
& .

complex The axon has not been seen. 'fu't‘ ¢ )

’ %
4

I%e Ectodenwal Amoebocyte ;»f " S e - L ;".y.
A descrlptlon of the amoebocyte has been included in thlS report _

of th@ ectodermal neural elements because of the general be11ef that

o

amoebocytes have been confused w1th neurons in Some LM stud1es and

am EX

because of the close slmllarlty 1n shape between some amoebocytes seen.

“in Stomphza and a type of ectodermal neuron deScrlbed 1n’Acttnza ;

- .

(Leghlssa 1949) i B ; >1 _ -ng' S “,l: .‘.V.Vf_

In Stomphta the amoebocyte is found throughout the ectoderm of all : '

parts of the body, and 1n we11 fed or freshly-collected anlmals is very

numerous in: the oral dlSC and lower tentacle § The cell 11es in the

f1bne plexus and in. the lower ep1the11um ‘and- has been seen crosszng 1nto

N . . . : E . . i .

~
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the mesoglea., Although the wrlter has not observed them on a LM level o

vthe amoebocytes are easlly reeognlzed 1n EM study,,the1r cell body{ - 1{
)/re f111ed w1th a varlety of organelles, 1nc1ud1ng agranular ve51c1es
(600——1300 A), sol1d°CA—contaln1ng ve51c1es (1600——2400 A), and lyso-

- so;es that are up - to S.u 1n dlameter and wh1ch often conta1n,recogn1z-

'-able parts of ectodermal cells. While the lysosomes prOV1de a morpho—
logxcal character'fOr separatlng the amoebocytes from the neurons on‘>'

‘ both a LM and EM 1eve1 they dlsappear from the cells 1n'an1mals whlch

e >

‘have been starved for only- seven days.‘ In the1r absence there is a’

p0551b111ty that amoebocytes can be mlstaken for neurons 1f there?isha_
o 51m1lar1ty in shape 51nce the ‘high CA content of the amoebocytes would

glve them nerve 1ike sta1n1ng propertles. .f A

The amoebocytes are large cells, 5.x 5y to 5 X 20 u,_whlch are

usually spherlcal to elOngate in- shape. They usually bear one ox more*
"major processes that*are 1——2 KU 1n d1ameter and of unknown length the

cells frequently have two sueh processes 1n an op051topolar p051t16n -

g1v1ng them ‘the appearance of b1polar cells (Flg. 106).° In add1t1on,

both the cell body and- the major processes may bear a number of

"~ 0. 2——0 4 u-dlameter processeSothat are at least 3 u in 1ength (Flg. 107),4.

,&\1hese small flbres glve some amoebocytes the appqarance of belng multl—;

/ S
P

»f\ ,

7
~

polar or a-comblnatxon of blpolar and multlpolar in- shape (Flg..f07) L™

‘-

/
is fbund in large mumbers in the oral dlSC ectoderm of Acttnta equtna-

'Compare to thlS Leghlssa's descrlptlon of a b1polar neuron whlch

Observatlons..v.». show a blpolar element with a nucleus of/
.. * large dimension: con51der1ng the size of the cell body, we can:
- also see two prolongations which emerge in. diametrical. oppos1-'

o JPAOR Lo .- With the chromargentic reaction amd with gold
“chloride it &%P0551b1e to- dxstmgulsh a'body with onl)’ o
= . S e
b ;;;-;'. f;,;. : ,
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'..'h of the suyportlng-cell peduncles\I\to a: conf1gurat1on known as the 17

| | o N [ . .,: :.'.190
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prolongatlons, 1nstead ‘using the dlfferent 1mpregnat10n
~methods- it is. possible to stain also thin expansions which
“give to this ‘element:the aspect .of a,pecullar multipolar- =~
cell in whlch two opposite prolongations are functlgnally ‘
e and structurally prevalent S
. (Leghlssa, 1949, p 278) N

The only difference between thls neuron and the amoebocyte 15 the length

v

of thelr f1bres, in. the neuron they are several hundred y-in length

e

. whereas those of the amoebocyte are . probably far shorter (unfortunately
thlS wr1ter has,no LM observatlons of the amoebocyte and therefore

a

dees not know the length of thelr flbres) The 51m11ar1ty 1n shape of

o

- - *

a 51gnrf1cant number of® the amoebocytes to cells 1dent1f1ed as neurons |

NN
3

in an anemone and to the general model of what aqneuron looks 11ke in

L8 dlfoSe nerve net. raises’ some que ion of the vq}ue of cell shape in

' the recognltlon of. neurons. 1n an an1ma1 sueh as an anemone (see Chapter o

7 for.dlscusslon), _ ‘fﬂ o li o \\\' o -
E - .Z- | : A
/.‘ Discussion. ‘ A IR
" b, S . ’ . : : -‘ ’

- Although the ectodermal neural elements have recelved spec1a -

o

3 . w .

attentlon\throughout the hlstory of'anatomlcal study of the anemone -

nervous system there is very“llttle known about the ectodermal components

*

of the nervous system. It has been found in thls study that both the

neural and,nonnervous f1bres of the ectodermal plexus of the tentacles,'

.

oral dlSC and- pharynx are subject to a flxatlon—lnduced swe111ng damage ‘?f.

wh1ch can result 1n the destructlon of or 1n the 1nab111ty to resolve, _

Y

N .
the plexus. At the same txme the . flxatlon damage causes a dlstortlon B

"retlculum' (see Chapter 5) It is dlfflcult to 1nterpret the full

N :
51gn1f1cance of thls discovery but it ¢an be 1nferred that 1t is an 75

o R - . R g
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o artlfact that has had serlous effEQts qnuour understanding of the nervous

e

v system since a11 h1stolog1cal studles of act1n1ans and cerianthids that

are based on sectloned tlssue, except for those of von Hexder (1877'J'”!

-

[ . 1879), have descr1bed“the 'retlculum'.as heing the nervous»system

| On- thlS ba51s it is suggested that only the recent EM studles and
the IM studles of L%ghlssa (1949, 1965), Batham (1965) and Robs*& (1965
1971) can be aCCepted w1th any confldence Whlle earller LM studles

undoubtedly contaln accurate reports of - some aspects of the nervous

de -.,,.

é system thefr accuracy,can be~determ1ned only by dupllcatlon whereas

thé studles of Leghlssa, Batham and Robsbn are 111ustrated by mlcro—
graphs and therefore are open to d1rect unterpretatlon |

‘o

From the studles of Legh1ssa Batham,v, dVRobson we- have a good

A

knowledge of the tentacle, oral d1sc and pharynx 1n wh1ch 1s found a

dense aggregate of small and largevblpolar and large multlpolar neurons

-

“4h and the c111ary cone receptors.‘ Recently Leghlssa and Quaglla (1966)

have 1dent1f1ed the multlpolar and one of the blpolar neurons on an

EM level but have not seen the1r synapses be11ev1 the act1n1an
nervous system to be a syncytlum. The pedat dlSC and column have not i*‘f-

" \ been studied exten51ve1y, though Robson (1971) reports a sparse network

-

of small mult1pq1ar neurons in the column ectoderm of the sw1mm1ng

¢ +

o s B T e . ) ”' ‘ . ﬁu
. anemone Gbnacttnta. , “vg O o Tl o : g

The study’reported 1n thls chaptg; 15 the f1rst detalled EM study
of the ectodermal nervous system 51ncé that of Legh1ssa and Quag11a
(1966) and 15 the only EM study of the ectoderm of the pharynx, oral
dlSC, column, and pedal dlsc.r Although several new observatlons have

been made few can be dlscussed 1n relatlon to the model of the nerve

. o R S . R .v R o . ) RS
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N

"ufnet developed by LeghlsSa,.Batham, and Robson s1hce my study is limitedh‘

a

to EM observatlons of the nerve f1bres. Also, 1t ‘is not even p0551b1e

C e

to nake dlrect comparlsons to the EM study of Actinia (Leghlssa and .

i

2

Quag11a, 1966) ) Leghlssa had characterlzed hlS nerve—h

ibre.types by
r'somata morphology and was umable to 1dent1£y synapses,‘ here in this
'study nerve- f1bre types are 1dent1f1ed by synapse morph 1ogy but the

wrlter has been unable to 1dent1fy the somata of any. of the nerve flbres.

e

‘Consequently dlscusszon must be 11m1ted to some observatlons per1phera1

.

vto the questlon of the organlzatlon of the nervous system._

A Ftbre Plexus vs. A Nerve PZexus

The class:c plcture of an anemone nervous system is that bf aenerve'
\'net whlch is def1ned as. "a system of neurons dlspersed generally in 4 ;
:plane, and so connected .‘.;. as to permlt drffuse conduct1on" (Bullock
"and Horr1dge,”1965 p i603) 1Iﬁ practlce, however, the def1n1t10n is

Akmuch more restr1ct1ve, frOm early observat1ons of the schyphomedusan

'.subumbreklar net and the actlnlan endodermal net cn1dar1an neuroanato—'
mlsts belleved the cn1dar1an nerve net to be a h1gh1y dlffuse assemblage

ef neurons wh1ch are. in prox1m1ty to each other only at synaptlc 51tes,

v

--elsewhere thelr separatlon mlght be tens or hundreds of t1mes greater

_:than the d1ameter of the ‘herve - f1bre5 (for 111ustrat10n of such nerve:'

re

_nets see Batham et al,, 1960 BathamJ 1965) 7 :
Thfs 1mage of a d1ffuse nerve net has been attacked by the EM

observatlon, 1n every specxes of act1n1an, drepoarlan, and cerlanthld

. B R

".exananed of an ectodermal subeplthellal 'nerve plexus"ln wh1ch the

Y . e a .

_presumpt1ve nerve f1bres are closely apposed to each other (1n Stomphta‘

M.the Separat1on 1s between 200 A and 1 u) and form a layer as much as

s e

Cel .’fﬁ"’ﬁ; B R U R L
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o v / :

20 f1bres in- thickness (Kawagut1,_1964 Legh1ssa and Quaglla, 1966 ;

Kawagut1 and Ogasawara, 1967; Westfall 1970; Westfall et al., 1970 {,

v

Peteya,-1973). Although such a plexus of flbres had never been seen

’preyiously, except for von' Heider (1877 1879), there has not‘been any
m

_questlon to Kawagu¢1 s 1n1t1al presumptlons that all of the cellular‘

Fvﬁ‘

°

. processes comprlslng the plexus "are nervé fibres and that they had not.-

been seen previously because most were,too-small to be’ reSolved by LM

L)

- (KawagUti, 964). L BRI -

2

The assumpt1on that all, or nearly all, of the flbres in the 'nerve'

plexus' are neuronal must be tested The maJorlty of EM studles of

o

such plexuses has been 11m1ted to s1mp1e reports of the ex1stence of a

‘plexus or of the presence-of synapses,. Theaonly~stud1es whlch prov;de

any information concerning the cOntent'of the pleiuses are’those’on

-Acttnza (Legh1ssa and Quagl1a, 1966) and on Cerzantheopsws (Peteya,

0:

;:1973), Leghlssa s’ study is 11m1ted to. descrlptlons of the tw° nerve
fibreitypes‘he 1dent1f;e ,ybut»h;s plates 1nd1cate that thefplexus |

: ) : ; % ,

._ includes other presumablyknonnerVOUS ‘types of flbres. Peteya s (1973)‘
study of the cerlanth1d is the only publlshed attempt to characterlze . .
aIl types of f1bres compr151ng an anthozoan\'nerve plexus'; the plexus-
con51sts of two types of receptor axon three types of neuron axon,

' ﬁ.and one unknown type (called type B) which made up approx1mate1y 50% ér'
"vall flbre proflles in the plexus Flbre type B has subsequently been

1dent1f1ed as a sarcolemmal pro;ectlon of the peduncles of the eplthello-
A--uscular cells (Peteya unpub11shed data); therefore 1n Cerzantheopszs

- amerzcanus only about 50% of the f1bres compr151ng the 'nerve plexus'

Are neuronal Slmllarly, an ana1y51s of the flbres comprlslng the

. L . o .

o - fon
- DTN oo . K \
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“

endodermal-plexus of Stomphta (see Chapter 3) 1nd1cates that over 90%

of the fibres are not neuronal Indeed it appears that the ex1st1ng
LM p1cture of the dens1ty of the endodermal nerve ney1of an Anemone is

B

qu1te accurate and that it is malnly the nonnervous components of the'

: plexus wh1ch had not been resolved unt11 EM study. It has not been

~possxb1e to characterlze the componenns of the - ectodermal plexuses of

o Stomphta but eV1dence indicates that the nonneural elements comprlse'

:between 50° (as in the tentacles and oral dlSC) and 100° (as in ‘the

v pharynx) of the flbres in the ectodermal plexuses.

More detalled data w111 come 1n tlme, but-it is already clear that
Ja~reeva1uat10n of. our concepts of the gross organ1zat10n of the 'nerve.
.Aplexus 15 necessary. There "has. never been, to this/ wr1ter s knowledge,

a report of- .an aggregatlon of. nonnervous cells and the1r processes that
is asloc1ated w1th the nerve net of any cn1dar1an Yet in every

anthozoan exam1ned ‘by. the writer (the tentacle, oral disc and column

ectoderm of C. amertcanus, tentacle ectoderm of. Pacnycertanthus fzmbrmatus,

tentacle ectoderm of Métrtdtum, tentacle and oral dlSC ectoderm of

iStomphLa, and endoderm of’Stomphta) the nerve net 1s embedded w1th1n a

tangle of cellular processeS»whlch are at- 1east -as numerous .as ‘are the

nerve flbres. It 15 suggested that the term 'nerve pleXus' 1s mis- - |

fleadlng and should ‘be replaced with the less spec1f1c term 'flbre

1exus_.7 A >}:. ’ ' L : : L .
P . : . o o v .

Because of the complex1ty of such plexuses and of the techn1ca1

- . -

'd1ff1cult1es 1n thelr study it will be some t1me before we have an

.

i'_understand1ng of the nature and function of the1r nonnervous elements,

however, 1t is 1mperat1ve that an understandlng be: achleved 'As’a
0 S :

.
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p0551b1e model for- analysxs the’ endodermal plexus of Stomphta is,
suggested (see Chapter 3). It* contalns a relatively small number df
fibre types and their morphology is not sensitive to the fixatlon

- procedore A prellmrﬁary characterrzatlon of most of the endodermal
-fibre types has already been achleved in thls study ‘
Fixative-dependéntrRecognition of Synapses

In the course of this study of the ectodermal plexus of the”

o

o .

,tentacles, oral dlSC and pharynx of Stomphza it was found that some

°

" aspects of-the morphology of some of‘the synapse types identified are
labile to fixation and that the observed frequency of synapses is

therefore dependent upon the f{xative employed. Although this phenom-
endn is Well known in the study of the veitebrate central nervous

o

system (Vrensen and DeGroot 1973), it is 11tt1e known 1n the invertweg
brates and the effects found here in Stomphta are greater than reported

. in any other an1mal. S B ’ : ~ o . oo

‘Each of the four types of synapse 1dent1f1ed in the ectodermal

netve net of the tentacles and dlSC is sen51t1ve ‘to this flxatlon art1—

©

fact and all but the neuromuscular synapse can be made completely

oo

: unrecognlzabie by certain fixatives whose quallty of flxatlon is other-

T <

wise- adequate. Wh11e the neuromuscular synapse is found in tlssue .

-9 Tor

fixed by each of the procedures used (Westfall Cavey, Peteya,

. permanganate in sea water) its observable frequency is hlgher w1th

4

- osmium or permanganate fixation than wrth aldehydes., The synapses of

. nerve~f1bre types 2 and 3, both the axons of neurons, have a hlgher

-,

"observed frequency in Cavey or in permanganate f1xat10n than 1n

=Westfa11;.and cannog be recognlzed in Peteya ~-fixed’ materlal, and the

[
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synapse of typc 1, the axon of" the c1113ry -cone receptor, can only,
tentat1ve1y be 1dentif1ed 1n Westfall- and Cavey- fxxcd txssue and not

at all in Peteya f1xed ‘tissue although it is numerous in permanganate—
s
‘fixed tissue. : . . : o ' S

The s1gn1f1cance of such a severe effect of flxatlves upon synapse

ﬁprphology is obviousi If this study had not been based on several
. ;0 ,

fixatives the synapse of the ciliary-cone receptor could riot have been

identified as a separaie'class, and had only ‘the Peteya fixative been
\ . ) [

used; no interneural synapses would have been seen. . ThL unlqueness of

the artifact, however, is 1mp0551b1e to estlmate.- There are. numerous
- reports of the 1nab111ty to-find synapses in studles of molluscan
‘ nervous systems (for réview see. Pentreath and Berry, 1975), but the
fonly comparable report im other ‘invertebrate phyla that the wrlter is
'aware of is Leghlssa s report. that the ectodermal ‘nerve net of Actinia,
‘is-a syncytlum (Leghlssa and Quaglla, 1966) --Also, there is ho way of
determlnlng from these: studles whether»the absence of synapses.is'the
;'result of a fixation damage or because 1t is an asynapt1c syncyt1um as
N suggested by Leghlssa, or, because the synapses of that anlmal da not
f1t exlstlng concepts of‘a synapse and thus escape recognltlon (Cobb
and Mulllns‘ 1973) Some ev1dence ex1sts, however that- this- probleq}.

!

‘is not 11m1ted to the Cnldarla McFarlane (perSOnal communlcaflon}

. ;

g

reports that there is a study in progress of some noncnldarlan 1nverte-

brapes whosepsynapses>are unrec0gnlzab1e when prepared by certaln

fixation procedures.




Chapter’ 7 e ’

* .. SUMMARY AND GENERAL DISCUSSION =~ . = - °
Although this study has not fully achieved any of'the gools set
out in'the'Iniroduetion.'it has suhstantiated‘and reinterpreted some
obScure observotions.A In‘addition, several new observations have
emerged from the EM work. It is how possibie) therefose, to propose
a model of an actinian nervous system whlch is'more oomplex than any
p1cture ptev1ously presented. Observatlons made also ollow a 413cussigs
- of some of the major questlons and problems which are ésherent in the
morpholog1cdl study not only of an'act1nlan‘ner00us system but of'any-
primitive nervous s?stem. Discussion has heen presenteoiearlier<of a
unique fixation hrtifact‘which‘hes led'to'considefable confosionbin the

-

LM study of anemone'nervous systems (see Chapter 5); of a fixation

‘_ effect on the morphology of synapses which can determlne the1r recog—

>

!

B

nition (see Chapter 6), and of a new 1nterpretat1on of the subep1the1131
plexuses found in the endoderm and ectoderm (see Chapters 3 and 5)
L .
) Th1s dhapter is limited to a rev1ew of the ma;or flndlngs of this

"study and to a dlscu551on of some 1dea5xconcern1ng the 1dent1f1cat10n
»

of neurous, synapses, and’ of nonnervous conductlng systems 1ﬁ morpho— .
¢ . i

,log1ca1 stud1es of Cnldarla. _
. Y

The Nervous System of Stompma cboculea o f‘
The Ekdoderm o . 15,7_ o  :“. S B
1) The endodermal nerve net 11es w1th1n a network of flbres whlch

orlgxnate fromua var1ety of preV1ously undescr1bed ep1the11a1 and sub- - -

ep1the11a1 cells. The five maJor nonnervous flbres of the plexus have

Pl
o



- %

" 'separate cell type (Hertwig and Hertwig, 1879; Leghissa, 1949) but

C

_— B 108

‘been describcd, one or two others possibly exist. None appear to form

- - n L Y

junctions with each pther or with the nerve fibres or muscle fibrol, but
cll are 1ntimately associated with the nerve net and several with the
muscle system

2) LM study, utilizing two techniques that are little used in this .

" phylum, supports two changes in the nerve-net model déveloped by Batham,

. . L
Pantin and Robsén. It is prdbosed that the ?crve net is composed of

five elements: (i) the receptor or1g1nally described by the Herthgs
(Hertwig and Hertwig, 1879); (11) the multxpolar nguron of Robson (1963);
(1}1) a large blpolar neuron, which is comparable to the main variant of

the large bipolar described by -Batham, Pantin and’ Robson (qutin, 1952;

. Batham et al., 1960); (iv) a small bipolar, oriéinally describéd as a

<

recently thought to be a variant of the larjé bipoiar neuron (Rdbson,
- . ¥ .

“’1963); and (v) a tripolar}neurbn, possibiy described before by the g

Heftwigé (Hertwig and Hertwig, 1879) but known mainly as a variant of

the large bipolar (Pantin, 1952). - : -

« 3) The endodermal nerve net is almost as sparse as indicated in

Y

earlier LM Studies'(Pantin,_1952)5making its EM study thrqugh observa-

tion of random sections impractical Practical EM analysis of the endo- '
.-
dermal net will depen?‘on the development of ‘a su1tab1e technique for

the sequent1al LM and :EM. study of identified and 1solated neurons and

qunctions.» A deta11ed report of the receptor, its axon and synapse
has been made.. Pre11m1nary,EM de$cr1pt10ns have been made of two‘or
e
L
three types of p0551b1e nerve, fxbres, ‘but only one could be characterlzed

o

by its VeSICIe population an& synaptlc morphOIOgy. i-' L

3 | N o



i Tha Meadglea " ,u'_ bm\i ' o ‘ : T
1) The only neural olomt that hu beeno fow in ‘M lth]l“*il'
an ectodcr-aélncrvc fibre (type 4) whi¢h lies in the :unken’ectodnr-nlhn
ihuscle tbes and which pccasion&lty.plsses through the ncsogleaathat |
saparates adjacent tubes, ‘ “ ‘
2) A cell type, the 'smal; mesogleal Cel{', is described which
© “reprcsénts the 'mesocyte' and 'ncurgcyte‘ of Lcihissa and Mazzi (1959).
Despite its remarkable si;ilarity to neurons in LM study, EM examina-
- tion has not revealed synnpsesoor other junctions:on this cel['and,
for this rci;on. it’is described here as a nonnervous ccli type. Its
fibges have an intimate association with the sunken ectodérnnl<nuséle
cfibres in the tentacle and o;al disc. Limited histochemical study

suggésts that such fibres,have a lower endogenous level of catecholamines
o —

“ than do those fibres lying in the mesoglea. possibly indicating a
secretory functlon of this cell.

. . - 3 - N -
The Ebtoderq}

< 1) The subepithelial plexus of the ectbderm is not a ‘nerve pIequ

as has been described in earlier EM stud1e§, 1nstead it is couposed of

the nerve net and the fibres of an unknown™ number of n?:nervous cell

’ types. .It has not been p0551b1e to determine all of the’ nonnervous
. B : IS . 9 .

components of the plexus. The ectoderm contains three major subareas
< . Q - P

each of thch*has a separate€ plexus composed mainly of fibre types -

ﬁnique:to that plexus. .. . L T e
2) The °reticulum', previously thought to represent the ectodermal :
-~ [~}

?efve net, is composed solely of the peduncles of supporting cells. A
unique artifact is described in which .certain fixatives Chuse\%‘sévere

- e - o &
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‘swelllng of the flbres of the plexus whlch ruptures the flbres soatterlng

thelr organelles and, membranes throughout the que of the plexus | At

the samc time +he pressure placed upon the peduncles by the swelllng

©

flbres dlsplaces the peduncles 1nto a’ network 11ke conflguratlon known

- 7.

as’ the retlculum.' o

a

3) The plexus ofethe tentacles, oral dlsc and pharynx contalns four c
types of nerve flbrés. Type 1is the axon°of the c111ary— one receptor,‘

and innervates type 2. “Types 2 and 3 appear to be- axons of 1nterneurons,;
their synaptic 1nteract10ns are iargely wrth themselves but synapses '_"' -

©

v'have beén‘seen that .are polarlzed from 2 to 3. Type 4 has been observed e .‘l‘f§

only in the mesoglea where it 1nnervates the ectodermal musculature'

Lo

'1t has never been seen to 1nteract w1th the other types of nerve. flbres..

: '.None of these flbres were found rh the pharynx.

4) The morphology‘of the synapses of nerve f1bre types 1 '2, and 3 o

~show an. exceptlonal sens1t1v1ty to flxatlon effects.i One flxatlve,A

a - R -

used prev1ously in. study of an anthozoan nervous system obscures the o

- recognltlon of a11 three types of synapse, and the synapse of the
i receptor can be ea511y recognlzed only if. flxed by permanganate.v It isf“

p0551b1e that some of. tbe 51mp11c1ty of the synapses observed in the

..

B

Cnldarla may be the result of 51m11ar flxatlon damage. _
'-0 = B . . :">’.:
) The second major zone:; of the ectodermal pie us 15 the column

that over11es tHe s hlneter.l In thlS area the eplthellum has an in-
frequent receptor and the subeprthellal plexus contalns three types o!l

nerve f1bres. Of the f1bres observed here only one 1s found also in R .
;he tentacle (type 2);‘the other two are unlquegto thlS part of the | |

¢

column, Below the levelgof the sphlncter the plexus decreases in 51ze

]




111 -

to- ‘a number of small bundles of flbres whlch may prov1de a connectlon

to the thlrd ectodermal plexus lylng 1n the pedal dlSC.. Synapses have

H

o

. not been found 1n the pedal dlsc, and thereforé‘nerve flbres are not

Y s

known in. thlS part of the body ' They are probably present however,_‘sy

o ,Athe eplthellum of ‘the pedal dlSC cogtalns large ndmbers of sol1tary

'mechanoreceptors. : E . : IR P G

-

"The Recoghitfon'of‘a Neuron. o T
. e ’ v"_ . ) ) . i : R
The Cn1dar1a more than the Porlfera and other pr1m1t1ve phyla,'

~_'are looked to for not only our concepts of the funct1ona1 organlzatlon

of the most pr1m1t1ve ex1st1ng recognlzed nervous systems but for our
}

‘ concepts of the evolutlonary 1ncept1on of a nervous system and of 1ts
A early phylogenetlc development. Alf of these general quest1ons plus

'.K ‘f»several that ‘are spec1f1c to the ahemones, sudg as the p0551b1e presence‘

jof mesogleal neurons, ‘are largely dependent upon ‘Our def1n1t10n of

5

Y

neurons simce tir ixdaCtuﬁa e-re ‘non1tlonudetermlnes our p1cture of the

)

: ‘nervous system that they comprlse. From comparat1ve LM and EM studles-
(for review see. Bullock and Horrldge,»1965) 1t appears that most of
the morphologlcal characterlst1cs useful 1n the recognltlon of a

-neuron are less developed in a pr1m1t1ve system than’1n an advanced '
.,_’:

v~nervous~system.f We have only to look at the controVers1es surroundlng
- the porlferan protonervous' system (for rev1ews see Pavans de Ceccatty,
_1974a,, 974b) and Hydra s nervous system (for rev1ews ‘see Lentz, 1968~

h/;Westfall et al., 1971) ‘to’ rea11ze the 1mportance of ‘and the dlfflculty
s Gt 7 ) ‘ _
"1n, obta1n1ng an’ accurate def1n1t10n of a neuron. It-1s 1mportant,. -ﬁ

/ >

-.jtherefore to perlodlcally examlne our concepts and deflnltlons in order

[t

Ry o 'to br1ng attentlon to. and to evaluate new 1deas for the characterlzatlon



of neurons and to reexamlne controver51a1 cell systems 1n 11ght of any

" new f1nd1ngs. 9y“~ el . "" R _ j% s el
- . . . . . 3 : co - a. L ‘ .

- It is beyond the stope of thls study to examlne oyr. concepts of

‘ what constltutes a - neuron (for rev1ews see Pavans de Ceccatty, 1974a,
.0
1974b) Thls rev1ew W111 be 11m1ted to a: con51derat10n of the crlterxa
9 SRS AR _
useful in the 1dent1f1cat10n of neurons in’ morphologlcal study It,

e Lshould be noted ho%Ever that the ‘two problems are not\as 1solated as

they appear. xcept “in obv1ous cases the dec1s1on as to whether a .- °

°~o~- ‘ « . N

partlcular an1ma1 -organ, 'or tlssue layer possesses a nervous system T e

.

"can be arrlved at- only by exten51ve muitldlsC1p11nary studles wh1ch -

'-may take decades, as was the case w1th the Porlfera. In: other casesoi

-

‘,where phy51olog1ca1 and behav1oura1 knowledge is- 1ack1ng, such as 15"7

- -

.‘the case w1th the act1n1an mesoglea, the 4Lest10n of the presence of

;neural elements must be explored and debated solely by the anatomlst...i,.

]

fMoreoVer\ the‘development of a’ set of valld crlterla for the recognl— -

t10n of a neuron could prov1de for an\alternate 11ne ‘of study of the

}

'Jdlstlnctlonsabetween a protonervous system and a true nerVOUS system.u o ;;(1

‘o ’ Sl L -
‘e

Unt11 the advent of’ EM study the shape of a cell and 1ts sta1n1ng‘

o~
°

a0

‘charaoterlstlcs were the’ sole anatomlcal cr1ter1a for the recognltlon :

S \ o -
[of a neuron.. Cell shape has been partlcularly 1mportant 1n the study o
i . PR
-oflcnldarlan nervog; systems 51nce thedr neurons have a 11m1ted rangej

" of shapes. Moreover, since several contested descrlptlons of actlnlan’~a

.bineurons have been attacked as belng artxfactual sta1n1ng of nonnervous‘r

o

"'fstructnres Chatham et al., 1961}‘ cell shape 1s actually the only

anatom1cal cr1ter10n for 1dent1fy1ng°neurons upon whlch our current

Y ; e e

-~



3
model of fhe act1n1an nervous system is based.

It appears, howeven, that the only valld spec1f1cat10n$ we can ©

B make of a- cn1dar1an neuron are that all observed have been 1sopolar and

that unlpolar neurons are unknown Whlle the flbres of maﬁy neurons’

have a unlform dlameter are’ unbranch1ng, and tend to CTOSS over other .

b o

‘ N
neurons or effectors, others have been seen that have var1c051t1es, ‘o

-_ . o . P

branch d1chotomously, have collateral branches, are. syncytlal ‘and L‘

%Y

nearly a11 seem to term1nate free 1n the extracellular space (as

.

-

determlned\;n M study) h‘Q;v? ] ,;, :‘”ig"

The poss1b1e effects of an attempt to bu11d a conc1se plcture of

il ©

the neurons of a pr1m1t1ve nerVous system can«be seen in an examlnatlon o

"of the only modern attempt at-a. ragld supraspec1f1c def1n1t10n of a

cnldarlan neuron (Batham et al., 1961) From study of a: 51ng1e class::

K

of neuron (Pantln, 1952 Batham et a1.,_1960),,Batham Pan&an and '\

[ " - . . .,

Robson developed four crdterla for the recognltlon of a: cn1dar1an

iir

—

o -~ T e ,q‘

Legh;ssa (1949) d1d not match thelr cr1ter1a for neurons these cells

were not reaIly neuronal ThlS 1nterpretax10n of Havet's and Legh1ssa's ‘

studles has led both to a: general dlsregard for the flndlngs of these

workers (thch 1n,the case of Leghlssa ‘s’ studles of the ectodermal

. . s -

nerve net has set back our knowledge forJIS years unt11 h1s observat1ons

%

o neuron and used them as a ba51s for a reV1ew ofosome of’the 11terature
h.< of anemone.neuroanatomy (Batham et al., 1961;J' ThlS study has heen
s w1de1y accepted as’ an»author1tat1ve reV1eh‘(Bullock\and Horrldge, 1965‘
Josephson 1974) ‘un'_'}fcyf-ilﬂvf;vi f;"c:{,é'v'/‘fﬁ?v;.«' i";' f:h?
A part1cu1ar1y rmportant conc1u51on of the1r rev1ew was that 5
51nce the mesogleal neurons'ﬁescrlbed by Havet (1901 d922) and | ijg t,

°
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. .- . e
- ' . .

* . were duplncated by Batham and Robson), and to the unlgersalebelrefTEhat f:’_‘;‘

°

. - . - .

the Hertw1gs were correct in statlng that the anemone mesoglea does not

‘ contaln neurons (Herthg and Hertwlg,11879) It is apparent today, o
& N . .
' however, that norre . of the neuronal crlterla of Batham, Pantln and

Robson are va11d and 1t must be sa1d that most are suspect“eveh when E2

°

compared to the l1terature ava11ab1e to" them at the t1me of thelr_ s
o T rev1ew. ]‘: R Y § R :1>-»v¢. S .
Soe ' 2" . : : . . . K Lo i : ; ,‘ B S
. S S »
l) Qhelr most 1mportant q;1ter1on that the axons of cnldarlan ,
. . Y oh . A

o neurons do not branch, is. supported only by the1r own studles and those

on the gentral nervous system of medusae. Most other studres have

.~

. e . X i D o E ) ~
reported that cnldarlan neurons tend to branch d1chotomously, and fl. )

2

,‘.¥ 1', collateral branching is known 4n- two cases-(Peteya, 1973 Chépter 6) 'H'T=>_:;f

Ql L , P

2) Thelr 1dea that nonnervous cells‘tan be 1dent1f1ed by the f1ne

d1ameter of the1r f1bres is based on the study of one of the largéstiassf

-« i .

neurons known in the phylum and thls 15 unacceptable w1thout suppﬁ%t{

from other studles. Neurons seen’ln cla551c studles vary from 0 3 u.k*' R

(von.Helder, 1879 Hertw1g and Hertw1g, 1879) to 12 u (Bozler, 1927
. as c1ted 1n Bullock and Horrldge, 1965) 1n dlameter, and a recent EM o

> T

study has reported neurons wlth f1bres up to 20 u 1n dlameter (Peteya,» ﬁ Ff'

i R .
o e

1973) Thus 1t appears that the 51ze of-a.flbre has no value as an’ f- fany,ff?‘
'1§ o >5.‘1nd1cat10n of 1ts neural nature.;' f'fh;g:r~ ;,fﬂ 'A“";[\ékg_ 'ff{‘*égff

"

o 3) The cr1ter1on that a cnrdarlan nerve net cannot be-syncytlal
[T al : .

;s questlonable in llght of the w1de occurrence of neuronal syncytlav*a':ff’:L

Although they are probably correct 1n questzonlng much of the early if

N

;:n:ﬁ'igf' lxterature that supports the possability of syncyt1a1 nervous systems
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in the Cn1dar1a (Batham et a1., 1961) Nlackxe's study of VeZeZZa (1960) A

~has prov1ded a clear demonstratlon of‘a syncyt1a1 nerve net whrch cannotu,

be dlsmlssed. :_. cee e ;~g'; G 3f T i
) . I - a IR

4) Flnally, 1t was stated that the flbres of a p0551b1e nerve cell

should term1ﬂate on other neurbns or qn effectors and that they Sh0u1d lvfhw;erkn

7 o,

’ exh1b1t the pecullar 'wettlng Junctlon'»lnterpreted as’ an en passant ‘,»tl

-

synapse (see Pant1n, 1952 f1g 10 Batham ‘et al., 1960 f1gs. 7a, 7b) R

- The functlonal 1nterconnect10n ef a neuron to other neurons, receptors

B o .
o - Lae

‘T and effectors 1s essentlal to the fnnct1on of a nervous system, and the'_n";*

Tel -

L ;\Tyffmorpholog1ca1 observatlon of such Junct1ons 15 ‘an 1mportant cr1ter1on
”*35~fOr the 1dent1f1cat10n of a neuron. Thelr observat1on 1s, however not
?,"usually p0551b1e by LM study. The studles of Batham Pant1n and Robson

.<‘:are the only reports of the endfeet that they have descrlbedrﬂ

"ﬁeffector Junct1ons and most other stud1es report that the axons termln—'

'?ate randomly Slmllarly, whlle the wettlng Junctlon may represent a

”fifjf,synapse it 1s unlque to the actlnlans,hlts morphology appears to be L

o

°

R ?;;flxatlonudependent and 1t 1s found on nonnervous ceLls'j,In the present s

-1study wetting Junctxons were often seen 1n Batham—flxed mesenterles‘but f

v.’

"Q;T;V,could not be i ent1f1ed 1n ZIO- or in Wood~f1xed mesenter;es.‘ Also,-ﬁt:f;; .

»f:s1nce suchijunctleﬁs were rarely found on the small mesogleal cells

(Fag.,39«); 1t appears that the gunctlon has 11tt1e 1f any value 1n the f'i




v
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T 2? pngsence of presumptlve nonnervous cells that have the shape and stalnlng

o characterlst1cs of neurons has led to c9n31derab1e debate over the
' . [
accuraey of the various reports of the act1nlan nervoue system. From«

l»,\.

my own study and 11terature rev1ew of anemones 1t appears that there

‘are only two nonnervous oell types tnat can be, or’ haVe been confused

. P

’1 w1th neurons' the ectodermal amoeboc}te and the 'small mesogleal cell"

(SMC)

The ectodermal amoebocyte has a hlghly varlable shape but 15 o ‘\*”ﬂ
g usually globular to elongated«‘A 51gn1f1cant number, however, have the

appearance of neurons because of the spat1a1 arrangement of their two"‘ o
) PR /7 .
types of processes (Flgs. 106 107) ' ThlS subpopulat1on closely R M

| ;“v - resembles a type of b1polar neuron descr}bed by Leghlssa (1949) not

;{ only 1n 1ts morphology, but 1h 1ts dlstrlbutlon and 1n mts h1stochem1cal "il°,
Lol stalning character1st1cs., It 1s not known whether thls 15 a case of an~. T
v : . Y

erroneous descrlptlon of amoebocytes as neurons or of a true 51m11ar1ty

A

0 > e

l"?”'<‘ between the amoebocytes and a. neuron. In elther case the ectodermal
amoebocyte of Stomphza appears to be dlstxngulshable on a LM level

fr0m cells that WOuld otherwase be 1dent1f1ed as neurons only by the1r
| | greater range of shape than°What 1s expectedaof a neuron, and p0551b1y

s

by the presence of numerous lysosqmes.;]ff‘fif"'

v T - b S

The SMC has var1ously been descr1bed as. a-neuron (Havet 1901

T L
1922 Leghlssa, 1949), as«a mesocyte and a neuron (Leghzssa an\ Maz i;




.f‘dayered network throughout the mesoglea.g Leghlssa has d1v1ded them
into neuronal and nonnervous elements on the ba51s of a number of

morpholog1cal and sta1n1ng d;fferences (Legh1ssa and’ Mazzz, 1959)

L3

rAlthough the present study could not evaluate all of these crlterla

'those wh1ch could be observed clearly dlstlngulsh the SMC 1nto two cell

/

types The supposedly nedronal SMC bf Stomphta are a. small populatlon '

of blpolar cells whose flbres are at least a few hundred u 1n length

;have a regular dlameter, and do not branch they are almost 1dent1ca1

1.1n appearance to endodermal cells descrlbed ‘as neurons (Robson 1963
\ ? f .

e Peteya Chapter 2 of thls thes1s) (compare F1gs. 19 and 38 A B C)

',JEM examlnatlon however, reveals that the SMC are a 51ng1e cell type, 3
”“and provades no ev1dence that they are neuronal

It appears that the great value wh1ch cell shape has had as a .- °

The SMC

e,

e

’crlterlon for the recogn1t10n of neurons. in the Cn1dar1a is the result

."of the relat;ve absence 1n thlS phylum of nonnervous cells wh1ch might "

)
~ ol -

]7={ be confused w1th neurOns because of thelr shape. The small mesogleal

cell and the ectodermal amoebocyte of anemones appear to be the only
icell°types 1n the phylum wh1ch can be, or have been, erroneously

descrlbed as neurons, excludlng of course the old reports that the SRS
3 rhag1 are”photoreceptors (Duncan, 1874) "A;rvﬁirzp'.’:pp

‘ing Charactertstzcs 5{';(a,' f—( S thf"”if. : o ,_:‘;_'
Iv:their rev1ew of art:facts and mlsconcept1ons 1n the 1dent1f1-i

catlon of actlnlan neurons, Batham, Pantan and Robson have 3ust1f1ab1y

:.ipglven llttle value to the sta1n1ng characterlstlcs of & celL (Batham




© 118,

Aet al ; 1961) There appears to belno hlstolog1cal technlque which docs
“not fa11 to stain cells in the. anemones which could be confused w1th
. neurons.. It is p0551ble to 511ver~1mpregnate amoebocytes (Havet 1901
t . ‘Batham et al., 1961"Peteya Chapter 3 of this . the51s), the SMC |
| : (Leghlesa, 1949 Batham et al. 196l) and even collagen flbres (Batham
et‘al.; 1961), gold 1mpregnatlons staln both neurons and the SMC
.(Legh1ssa, 1949) Slm11ar1y, chromaffin and chromargentyc technlquesf
’both staln amoebocytes and the SMC (Legh1ssa, 1949 Peteya, Chapters 4.

and 6\of thlS t e is),’ methylene blue stalns the SMC (Batham et al.

'1961), and the

Id}technlque stalns both endodermal neurons and ‘the SMC °

o

° A(see Chapters 3 nd 5 PR :-j h "

' Mtcraanatamy

i : -

In most EM studles of Cn1dar1a and Porlfera the 1dent1f1cat10n of

- e -

. p0551ble neurons has been made by correlatlon between LM and EM. observa-

1 LM. and EM examlnatlon of 511ver sta1ned

>;neurons (Jha and Mack1e, 1967) or by establlshlng cell shape by EM study
(Dav1s et al., 1968 Legh1ssa and Quaglla, 1966) . In addltlon attempts
". "have been made to utlllze ve51c1es (Jha and’Mackle, 1967),‘ mlcrotubules

_l(Mackle personal commun1cat10n Stokes, 1974), and synapses in the

o -

; ‘recognltlon of neurons. . ‘. -

In,most hydro- and scyphopolyps examlned by EM°‘eells have been

-

o vlobserved wh1ch contaln large numbers of dense core ve51c1es that are

e

.f'", 'between 1000 and 2400 A in. dlameter (DaV1s et al., 1968 Crawford anda S,
e Webb, 1972 Stokes, 1974) There 1$ ev1dence 1n C%rysaora (Crawford ‘
~ and Webb 1972) and in Hydra (Burnett et al., 1964)",, that these cells

¥

lﬂsare nenrosecretory, 1nd1cat1ng ‘the p0551b1e exlstence of a type of .

J*"‘;ﬁdﬁi : ]'_T;



°

' reactlon in h15tolog1ca1 technlques for amlnes and neurosecretory

substance. Therefore the observatlon of such ve51c1es cannot be taken

e e

o

. neuron that is common- to much of the phylum. HoWeVer, there are few

W .

records of neuroseoretory cells 1n the Cn1dar1a ‘and rione in the Anthozoah

o . *

Also, several nonnervous cells have been seen 1n this study wh1ch

v °

\
contaln 51m11ar dense- core ves1c1es whach on a LM level show a p051t1ve

» .

as a demonstratlon of a nerve- ‘or neurosecretory cell type.

From study of a number of hydromedusae Mackle has proposed that’
the presence of m1crotubes is a va11d E“ levelvcrlter1on for the
1dent1f1cat10n ef neurons . and receptors (Mackie, personal communlcatlon) , -
This pOSSibility has® been supported by studles of’ neurons in a11 three

. . -

classes of Cn1dar1a (Horrldge and Mackay, 1962 Peteya, 1973'A8tokes,

¢

1974), and appears valld far every cnldgrlan receptor that has been T T

.examined. It does not however appear to be a foolproof techn1que for

A

"the identification of neurons; In the present study some 1dent1f1ed

5

,_mlcrotubes. , . - ..' R .' T

i nets are p0551b1y syncyt1al (Mackle, 1960 Leghlssa 1965) andcmay

nerve fibres, such as ¢ype 35 appear;to be aevuid’uf mierotubules while - .

other nOnnervous types of flbres,‘such as endodermal type 5, do contaln

i .

>

By def1n1t10n 2 neuron is a component ce11 type of a nervous ..
- A

’ system whlch 1nterconnects receptors and effectors elther dlrectly or

via'other-neurons; It is p0551ble therefore, to deflne a neuron by

'y - LN

its funct1onal 1nterconnect10ns, an approach which is partacularly

favorable since only ‘two types of transmlttlng Junctlons, the synapse o

and the gap Junctlon, have been found 1n any of the nervous systems‘.; RS

examxned by EM. L1m1tat10ns to the approach are ma1n1y that only the
& .
synapse 1s unlque to the nervous system, and that some cn1dar1an nerve

- . . L . . a . . Lo U . M

ot
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' therefgre be devo1d of synapses other‘than,for"neurocffeotor junctions
. N . -.. “‘

(Legh1ssa and Quaglla, 1966)

. The Dresence of a synapse 15 the only'known foolproof‘criterion”
‘for the 1dent1f1cat1on of a nerve ce11 and 1s “of grOW1ng 1mportance :2v‘
:the study of cnldarlan nervous systems. Its successful app11cat1on
'1n StudIES of pr1m1t1ve ‘nervous systems, however, may be subJeet to

hoth technical and-eonceptual problems (see below)
The Recogn'itioh of a Synavp'se» - ' ’

"

The synapses observed in the varlous 1nvertebrates and vertebrates

studied by EM shgw a remarkable s1m11ar1ty in. basxc morphology, d rt.

would therefore seem that the recognltlon of a.synapse is a stralght-
. . g
fforward matter. However, there 1s a grow1ng number of studles,

: particuiarly in,the Cn1dar1a (Jha and Mackle, 1967 Legh1ssa and Quag11a,

1966; Dav1s et al., 1968) and of molluscs (for review see Pentreath and

Berry, 1975), in which synapses*cannot—be—&dentlf1ed or 1n,wh1ch they

can be 1dent1f1ed only with great drfflculty (Westfall et al., 1971)

<

Barring the p0551b111ty that. the neurons of these systems 1nteract by
O e ¢

spme unknown or, unexpected mechan1sm (e g; that they form a syncytlum),_
;-the 1nab111ty to identify synapses or, gap - Junctlons 1mp11es e1ther a
‘-fallure in our def1n1t10n of a synapse as suggested by, Cobb and Mu111ns

(1973) or else that the technlque of study is. affectlng the morphology

!
o -

'.of the synapses in- such a way that they become. unrecognlzable.

©

Support for the theory that sone synapses may not be recognlzable »
‘ by present deflnltlons‘hs easxly found both in the vertebrate autonomlc

“_nervous system and throughog# the lower 1nvertébrates. The ve5191e-£111ed

'dvar1e051t1es of- autonomlc fibres have been 1dent1f1eﬂ as neuromu5cu1ar .

o
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'junctxons solely because they are the 51te of transmitter aggregat1on
in nerve f1bres that are known to 1nnervate smooth muscle (for rev1ew
see Bennett 19?2) The 1dentif1cat1on of 51mllar var1c051t1es as the
s1te ‘of transm1tter release in 1nvertebrate nervous sy!tems is becomlng
popular (Rosenbluth 1972' McKenna and Rosenbluth '1973), but in the
absence of- phy51olog1cal ev1dence this practlce is questlonable. More
1mportant however is the\trend throughout the 1nvertebrate$, toward
synapses of 1ncrea51ng complex1ty in the higher phyla 7 Few taxa but
the vertebrates and cephalopods show orgap1zed presynaptlc pro;ect1ons,
' ‘and the gap ‘and pOStsynaptlc projectlons are often m1551ng or d1ff1cu1tv
ﬁto 1dent1£y 1n most 1nvertebrates 'The dlfflculty in recognlzxng,a
'»ysynapse is d1rect1y related to 1ts 51mp11c1ty, the 51mplest known is .
‘that of Hydra whlch was first d1scovered only after over 10 years of .

. .
dresearch, 1n a number of labs, on the m1croanatomy of 1ts nervous system

4
'(Westfall et al., 1971) Since some of the membrane spec1allzat10ns-

=

_of a synapse are assoc1ated w1th attachmentarather than transmlss1on
(for rev1ew see Pfennlnger, 1973), Cobb and Mulllns have suggested A
_that many synapses, 1n whlch mechan1ca1 strength is unlmportant may be
recognlzable only by an aggregatlon of ves1c1es, and that.even this

L3N

cr1ter10n may not be va11d They conclude,”"Only where there 1s
' phys1olog1ca1 ev1dence can electron mlcroscopy be rel ably used to, show
”synaptlc contact .‘;:5"; ';d i : A ‘ v

‘An’ altérnate explanat1on for the great 51mp11c1ty of some 1ﬂ%erte—

'brate synapses can be found 1n observatlons of’ the effects of. some‘7

‘;f1xat1ves on the morphology of synapsel in some anemones. The 1nter- f,‘

-f neurat synapses of Certantheopsts have pre— and postsynaptlc cytoplasm1c '5y:fr

.« .
LA
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structurcs which are similar to, but simpler than, those known otherwise

only in the syna&ges of cephalopods and vertebrates (Peteya, 1973).

" They can be 5een (Lowever, only in tissue

technique out of the 20 technxques uspd 1
pared by any of the other f1xat1ves the s
'seen in other studxes of cn1dar1an nervou

'only by the appos1t10n of vesxcles near a

i
L

membranes and a regular separatlon of the

of Stomphta doanot appear to be as comple

prepared by one fixation
n that study, in‘tissue pre-
yhapses appeared like these
s Sy ] and were recognizable
Junet1on deflned by dense .

two_ ‘membranes. The’ synapses ..

x as those of Ceriantheopsis *

:fand perhaps because of‘th1s, ‘show a- greater sen51t1v1ty to the effects

tion Of xhe four flxatlves that
ly only permanganate gave a f1xat1on W
of the synapse of ectodermal nerve flbre
>fixed in the f1xat1ve wh1ch gave the best
_~synapses (Peteya, 1973) it was—not poss1b

nierve=fibre- typcs 1, 2fcr73

were used exten51ve1$x1n this
O *
h1ch allowed the recogn1t10n

type 1. S1m1larly, in tissue .

preservat1on of cer1anth1d,

le to 1dent1fy synap es of

.ekf_

In the absence of well defined membr

itself be a fixation artlfact 51nce the ‘s

-type 3 has elabora;e -gap structures seen
<

ane spec1al1zat10ns (which may
“\
ynapse of ectodermal nerve}fibre

only in permanganate f1xed

tlssue), recogn1t1on of\the synapses of Stomphta is dependent on the

el

: regularlty of gap w1dth and on the presence/bf an 111 def1ned membrane

~'densrty. It is premature to suggest the
~effect the reeogn1t10n of these synapses,
'that the synapses can be. dissoc1ated “In

d1ff1cu1t to recognlze, such as. 1n Westfa

‘.- ; N
‘a. d

mechanlsm whereby fixafives
‘but there is some ev1dence R
tlssue in: wh1ch synapsc! were

11 flxedvtlssue numerous

.bnerve f1bres were seen wh1ch had perlpherai aggregatlops of synaptlc :

s : : .
-0

fvesxcles but only rarely was there a postsynapt1c f1bre assoc1ated wlth

o -
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4
tho aggregations, It nppears that some fixation procedures do not pre-

'sorve the gap material of some types of synapses allowing the gap width

to become irregylar or the synapsc to break apart at the gap. If such

features are labile, recognttion of some synapses could becowe inposslble.

Qa

'It'is not possible to estimate the“relative importance of the
. .

theories of Peteya (197’3) and of ¥obb and Mullins (1973) for :p simpli-
¥rv

city and occa51onal absence of synapses in same - 1nvertébrate vous

-

systems. . Such a severe fxxatxon effect on synapse norphéﬁogp as is

)

descriﬁEd here showed up only in stud1es of tbrtantheopstap Stomphta,

and of'Métridium condgacted by thris invesfigator. There is, however,

another study in progress of the effect of fixatives on the recognition

of synapses in some noncn1dar1an 1nvertebratcs (McFarlane, personal
et ° o .
communication). Clearly the possxb111ty that,fgxatives.affect.synapse

’ morphclogy and_may prevent their'recogﬁition mustosupercede Cobb an{

. 'Mullins*' theary 1n any ‘study of.an 1nvertebrate nervous system. Explor-

o

1ng such a poss1b1l1ty may be extremely d1ff1cu1t., It may requ1re the
o \
use of dozens of fixatives to f1nd one that shows the true” complexity
‘ Ta
of the synapses in a part1cular spec1es ‘and then that f1xat1ve may

‘prove wo%thless in a related taxa as the Peteya fixative was in Stomphta.

o ‘\.,

'The Quest1on of Neuro1da1 and Myo1da1 Conduct1ng Systems

in the Act1piar16

‘o
. c» ’

g . . °

-One'bf the,mbst’distinctive.and remarkable histological features -

of the Cnldarla fs the ep1the1xomuscu1ar qpll 0Except in casés where .

:the cell has been secondar1ly mod1f1ed the cell bodles forn a superf1c1al

'ep1the11um and are connected to:one or nore of the umderlylng contractile

eiements of the muscle 5ystem.5 Thelr organizatioqumnediately suggested

o -
s o . o -

'0_
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the pos51b11?ty that the cell H%d1es could constltute a nonnervous

conductlon pathway and that as each celI was, exclted 1t.wou1d e11c1t

e P

a contractlon of.xhe muscle flbres attached td’lt (Klelnenberg, 1872)

4

- As a consequence,,the eplthellomuscular cell has played a major role.

in the development of several theorles of the 1ncept10n and early

o

f evolutlon of the nervous sxstem most notably that of Parker (1919),

: ‘and has been the cell system ba51c tb the bellef that nonnervous_

C e

_ conductaon systems mlght ex1st in the Cnldarla.

.

7e.gf» The most recent rev1va1 of K1e1nenberg s theory has been sparked

.R o’

by Mackle s C1965) demonstratlon that the ep1the11um of some hydro~‘

v

medusae conducts behav1oura11y 51gn1f1cant events 1n the apparent

absence of nerve f1bres~and 1n some spec1es, also of muscle f1bres.

Slnce then there have been few electrophy51olog1cal studles of cnldar-
1ans that have not attrlbuted most of thgpr findxngs to neur01da1

or my01da1 systems rather than to a nervous system Unﬁortunately,-

S

few phy51olog15ts have made any attempt to relate thelr record% to

ex;stlng anatom1ca1 knowledge and 1nstead have 1nterpreted them on the
. ba51s.of tenuous phy51olog1cal crlterla Wthh may lead to cono:adlctlng
f1nd1ngs in d1fferent'taxa ’ Valuable aux1111ary support for the,

‘claimed presence of nonnervous conductlng systems 1n the Cn1dar1a could

be had" from the*morphologfcal demonstrat10n~of gap Junct1ons. Although

it is thought that a 51gn1f1cant coupllng can occur between cells that (:oj ‘

o are separated by 2 gap of 200 A or more EBennett and Auerbach 1969),
S

there is no neuro1da1 or- my01da1 conductlng system whlch has been

studled by EM wh1ch does not have gap Junctlons.' Thus ﬁhlle the

J e

presence of gap )unctlons may not 1mp1y that the t1ssue 1s exc1tab1e '

.‘,Y N . i ‘ i,A“m'L cr ,,_,‘ S .

. ofh e
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s o U
v(Kuffler et al Y 1966), the1r presence does appear to be essentlal for . -

the functlon of nonnervous conductlng systems '
W \
Among the dozens of cnldarlan spec1es examlned by EM gap,junttrons
have been found in- only two, both 1n tissues. be11eved to const1tute

‘vnonnervous conductlng systems,_ These are the ectodermal and endodermal

‘_eplthellum and muscle layer of Hydra (Hand and Gobei 1972) and the. -

'eplthellum of the exumbrellar ectoderm of Nanomta (Mackle, unpubllshed'“
in D Chapman, 1974 Flg 31) Unfortunately the few other EMastud1e5°_

- of tlssues Wthh have now been’ descrlbed as p0551b1e conductlng systems L

P

,have not 1nc1uded reports of the Junctlons observed."

o The present study 15 therefore in’ the unlque pOSlthﬂ of contraa

._E

Q;ctlng the c1a1ms of the phy51ologlca1 reports.. Accordlng to McFarlaneh_.’

and hLS students every actlnlan that they have” examlned 1nc1ud1ng
”'_Stomphta (Lawn personal communlcatlon), has two- slow conductlng systens;

, whlch ‘constitute nonnerVous conduct1ng systems (for rev1ew see Shelton,

‘o

'f'1975) One is supposed to be ectodermal and th° other endodermal and

a

-;both are found throughout the extent of these t15$ue layers. Unless
‘ the actanlans should prove to be- the f1rst known exceptlon to the corre-'
‘ 'latlon betWeen nonnervous conductlng systems and gap Junctlons thls

'study should have revealed a h1gh frequency of gap Junctlons between

1

e1ther the ep1the11a1 cells or between the muscle flbres.- Instead §!§; ,

° .,

’ none have been observed bv thls 1nvest1gator in over four years of EM AN

e

‘fstudy Stomphta has only three types of 1nterce11ular Junctzons, other

5.

.‘;‘

than synapses. 1) septate desmosomes wh1ch 1nterconnect all cell types

hat 11e at the surface of both ectodermal and endodermal eplthella';:"”“{*'

» B
‘;2) the 'dove-tall }unctlons' of Woodﬂ(1961) whlch are found at end to end'

-
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“Junctlons of muscle flbrbS in. both the endoderm and ectoderm and

. TealL, P R e S
L ,3) 51mp1e desmosomes whlch,are found between adjaeent muscle f1bres in  eo i

. o . “
" the endoderm and ectoderm.5 Of these three only the septate desmosnme

. has been suggested as a coupllng Junctlon ' Thls was done in the-A '"_ L e

'errdneous be11ef that 1t was the only 1nterce11u1ar'3unct10n in the P

Ly

g1ant sallvary gland of Drosophtla 1arvae (Wlener et al.,01964), the 'g*
\ 3 7] 0.

subsequent dlscovery of the correlat1on ef gap Junct1ons w1th conductlng ,uﬁ‘f_ui

eplthella has ‘1ed to the bellef %hat septate desmosomes have only an ';j

5
< ©

adhe51ve functlon.‘ In the absence of gap Junctlons 1n Stomphzg the T CE

burden of proof for the claxm that actlnlans have through conductlnga,

. N : d t.vo . t S .
o o ? e .

nonnervous condu;tlng systems 1n both the ectoderm and endoderm 11es .o
wlth the phy51olog15ts,,a burden wh1ch someophy51olog15ts who work on’ 5‘j LR

>nonnervous conductxon i Cnldarla bellevasthey cannbt hahdle and
- o " & e : ,o’. )

h 1nstead lopk to a morphologlca_ “udy for proo§' (Mackie, personaﬂf

. B o 0»»_ RN ) N ° i L
e communlcatlon, Spencer personal communlcatlon). e . S N f'"!
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i

€ at

,Chem:.cal comgosxnon of the fixanves stud).ed '

(FrOm

Lee, 1928

Bou1n, 1898 fﬂjf

Brasx 1 s 1904

0.8% .-
0.4z

e

Batham et al.,’ 1960 T '0"86 -
Mayer, 1881 ’ ’

. e
Ra\utz, 1905 AR

Fol

VomRath a 1895

. VomRath b 1895

-VomRath b (Lee)

.Susa ‘\ L ‘7 PR

Q

St1eV1e,v 1948
/ .
Mann, 1898

Kenyon, 1896

Orth 1896

- quper? 1g38-f

[

Zenker, 1894

' Helly, 1904

L *For. ease of companson, the conpos:.tion of the fxxauves is g;ven 1n percenbages, S
nquxd stocks are expressed as v/v, solids as w/v.
u'ac‘e denotes snall unspec:.fied quanutxes. o

Zenket- osmum

Golg:. Cox (Lee)

013

3“0 29 o 11: _}I'

el
£ 0.01. 1, 07

1 08 ,f‘**

B

"“o 21 0. 96 o

X

“1.82.

s Tifsg.'w '§2§58 B

o 11 e

380

2 38-1; .

7027

.716;7
$10:0

o 7.69° 7

L &.00

364

8.00

g0

L

~.

T3.40
S 2.50

1 .45 o

'°Zenker~fom1c ac:.d . P 2. 38 " o

v ’df.*{?ﬁ e

f0l9s .
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s:88

,A,o;$§ 

:4.59

3.8
~3-8i7f{

2.68

- 9.93
" 0.94

385-

' "4.75
“es7 B3

| 4.76 HNO3

‘ 0 84 =

10.76 KiCro,

0,36 PtCl,,

0,25 Croy

- 2.50,Cr03 -
' 2 00 CuSOu

R 4Legh1ssa, ‘ 1949, Gray, 1954 Batham et al., 1960 Humason, 1962 Robson,
> .‘",-1963 Westfall, 1965 Ramon—Mohner, 1970), . » L -
F:annve. " N ‘ S S Compenents~ \ o , v
”g' -J : - . 20504 chnc K2Cr207 Form Formic. HgClz Acetid Etch Ot-h‘e"i"s':j .AA
:“. R R - acid o ac1d acid - RS
Bou:.n, i8_97' ’ ' 9 52 :

';;\.v'

 4.08'WNO;

’ ‘0-5477pt(;1q.' '
‘0.423Pt61; .
- 1;ez,éc13cdpu."
0.39 NaCl

°

- 9.91 NagS0,
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... .09 ufanyl '

acetate

‘0.95 Nazsou7
'jo.ss NQQSOQ .
/0.95 NapS0y’

- 0.67 NapSOy

Values for fomldeﬁyde assune
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TABLE 4" The effects of fixatives on the plexus

Y ‘ ‘. . '

. . , o .. o !
Fixative © -+ - 77 . Fix time
\ ,' t " ¢ . ‘ ' B . -
“Bouin, 1897 © - .° - 3,12 hr.
‘Bouin, 1898 ' 3,12 hr.

Brasil -0t Z)2hr.

"‘ Batham L o : 1,2 day

o 3 hr

Rawitz .. - . - 3hr
el .1 U3 hr.
quﬂ;th a Lo 2ot

‘VdﬁRath b T o Zlhr,
VomRath b (Lee) .. .. 2hr.

'Mayer

Susa . Lo 32 kel

'Stié?ig - '. S .- Y day
‘Mann. v',v‘_' ... s hr.
. Xenyon . . . .
) 6:thj  ... . aZhr. .
Xolmer - = - ‘:v 1 day

zemker | v 3,12 hr.

" Helly T s | ,:3,12 hr.
‘Zenker with FA' ._I.56 hr.
Jzénker*osdg~'. . -&'hr..

. Gq;ﬁi-ﬁoi (Lee) o 30 -day’
Leghissa ) o
‘Jehnson T, azbr

| Westfall. g .- L 2hr. -

. Golgi, 1880 - T . 1/2,5 day

"~ 1-day:

‘Golgi, 1900 . - -~ 1/2,5 day -

'Saﬁfelicqi~' . :" 'f 6 hre

Flemming; 1882 ' .. 1,12 hr.
Flemming, 1884 . . 1,12 hr..

" 'Flemming w/o AK - 6,12.hr.

formaldehyde .. - 12hr. .. .
S Faa o g,

[

~

7 days
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Table 4 (pagét{.) LT ~
'« Fixative ' Fix time ' Species Results: ,; : A
: : used? ,. plexus™ - - ('peduncLe§C ’
Carnoy 6 hr. S.M o ar
Carnoy-Lebron  .* 8 hr. S. + e
. original’ 4 hr. s,P DUVIOVEL SR e
Hermanp‘ 12 hro, s,P K +e . '_ O
Frenkel 6 hr. s e e
. Hertwigs 1day .. S.P +, but e
. : g . o 1/2 §ré»
A o S missing: .
_Hertwigs; my - 2 2 ? ‘
“modffication 1 day S,Pp [ tas o Gt
'+ DeCagtro " 1,3 day | M B
.. Alexandrowicz, 1932 1 day’ s T e
N Alexandrowicz, 1960' 1 day 5,C +
Apathy” | 1/4 to 4 hr. S.P T
‘ Cajay ‘ 'S'hr;' \h ' ';/3 o (+44
" Miller 30 min. . °© P ? e © ke
dry ice - - " s,C . v et
liqmd N‘z " —m- s,C ++ o [Ny
K] . -
a5 s® Stomphia, M = Metridium, .= Corianthegpsis, A =" Anthopleura,.

a

o "were not preserved.,

P = Puchycertanthus,'\a11'='a11 of these.

b. ,The flxatlon of the plexus is summaxxze&ﬁ +++ = excellent fixation; ++ =
) good preservat1on, Q pnesent but. wItH’moderate to sevére ‘swelling damage,

‘T= not posszble to determlne whether flﬁres were preserved 0= the f1bres

a
S
o

" ¢. _The f1xat10n of the peduncles is summarlzed% +¥¥.=_good preservat1on, with
11tt1e or no distortion; ++'= dlstorted, but none. broken from the mesoglea

'or aggregated + = showing Some character1st1cs of a reticulum, - elther
K aggregated or broken,. 0= the.peduncles are 1n‘a 'ret;cukum' conformat1on."

a . ’ o .
0y . © . . :
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" Figurc 3,
A,B,

‘the plexus.

o B P S i T e B o R R e e P

PLATE 1

Doa

2 v

0

Semidiagrammatic representation of a quadrant of a Stomphtia

illustrating some aspects of its.anatomy and of the location

of areas chosen for EM study. .

3
Al

A section of the column endoderm, cut parallel to the
oral-aboral axis. Note that the muscle layer contains two
classes of muscle fibre which lie in discrete sublayers;
thé type A fibres lie in tubes which are buried in the ‘
mesoglea and appear to-have no contact with.the fibre plexus

" (FP), while the type B muscle fibres ilie in a sheet at the .

surface of the mesoglea and thus are in direct contact with
(Cayqy;-colpmh);,x 4,000. e
Endodérmal'septaté‘desmOSOmes indicating. their pefmeébilitf
to: ruthenium red (A). and to bismuth iodide (B). . (A: Cavey,
mesentery; B: Pfenninger, .tentacle). X 120,000. ' '
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' P,LATE 2

Figure 4. An ep1theﬁ1omuscular cell in a'whole- mounted mesentery e
: "N, nucleus; L, "lysosomess arrows, transverse muscle flbres
,(Wood's alc1an blue, mesentery) X 2, 000. .

- . . o

. > .
Figure 5. ° A mlcrograph of an eplthellomuscular cell whose cell body
s : lies in the ep1the11um. ,wpeduncle,.g, ‘lysosomes; e
artfows, surface indentations with membrane- associated o
: extracellular part1c1es (Cavey, mesentery) X 23 000.

- Figure 6. A sunken ep1the110muscu1ar cell, showlng/a contlnu;ty
RN between the cell body and its contractile process. Note
.. the, absence/of lysosomes. - 'The cell has been reproduced in
. ‘two parts; a point of overlap of the two. is 1nd1cated by.

o : the arrows' (Cavey, column) X 23,000.

. o , . ' ©

Figure 7. = ' A muscle- cell’ peduncle. .Note the bundles jL’flbrlls

o . - distinguish the peduncles from elements of the flbre,
: plexus. (CaveY, column) X 28 000
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. Figures 9

and 10.:

4

-Figufé‘ll;

~The endodermal gland cell

“inset: X 2,000. L i“. © ‘“ '

N - TPy
° "
3 : A .' ° -
. PLATE 3 o
(_’7»—5'« . -’ - o st v
Lo - ,‘\5\ . o L

'@
Cavey% mesentery, inset:
8: X725 000

Wood''s alcian blue, mesenter: ¥

’f\'\‘
.‘o' o \‘ R

‘An elongated amoebocyte show1ng the lysosomes (large arrows)

and Iarge solid vesicles~(small arrows). which characterlze
the cell. ‘(Peteya‘ tentacle). 9: X 6,000; 19 :Xe25 000.

2 R
n

A spherlcal and an elongated amoebocyte in whxch both the e

vesSicles and 1lysosomes have been. stained. w1th silver.

(Batham, mesentery) X 2 »000. - . ] P v kS
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A focus montage of~a new~ce11 type 1.° The ba51ep1€he11a1 i

~cell body, gives rise tdo a process which reaches the tissué

surface,*to a 51ngle fibre in the plane -of the ep1the11um,

e

. and to two fibres wh1ch lie” 1n ‘the plexus. (wOod alc;a%

-

X 9 ;000. - e S )
o i 0 ) “ : "o S e

o, —(‘o_a : Sl T 2 7 i

9 e - q( - o 0~ . . v e

blueS mesentery) ‘°2 OQO

P g-‘bvn.‘.
Y e @

An electron mlcr0graph of a. tyﬁ% 1 cell. (C&vey, qolumn)

C .8t

Q. °. . Cm &y

Four examples of . new cell tvpe 2 show1ng some of"

Atlon in” 1ts appearance. (WOodbs alcran’blue meschgery) e
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 Figure 14.-

ce

Figure 16
-~

. Pmrﬁ,ls,. T SR

‘o - P

Endodermal receptors.‘ Note that the dendrlte of Flg. -14C

- has .a sac¢ (large arrow) similar -to- that seen in Flg 17A
Small arrow, cr11a. (A,B,C: ZIO. 1mpregnat10ns,'

:mesqnperles,. D: Modlfled Hertw1g maceratlon tentacle).v
X‘2‘;000.- L : : :

°

The basalfapparatus of a sensory—cell c111um' con51st1ng
"~ of a basal body with a_ foot and an acces$ory’ centrlole..‘

‘The ‘root is not -in the plane of- this- sectiorm,
(4% glutaraldehyde 1n‘sea water, mesentery) X SS 000

o

-_Dendrlte of a receptor showlng attadhment of m1crov1111,"
~the. large dense -core vesicles, and:an unusual array of . »

tubules which' appear~§o open.onto the cell surface

‘(Cavey, column) X 55 000.
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Figu
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v

re 17,
CABOt

Figure 17

oy

" PLATE 6

° o

- An endodermal receptor and the initial segment of one of

its axons. . Note the presence 0 *1arge”e1ectron-deQSe
vesicles throughout the cell, and the similarity between

’-“the'micrqvilli.of,tbe-reteptor»and of the adjacent

epithelipmﬁscular cells: The cell has been reproduced:
in two.parts; a~point*of'ovér1aﬁgbf'the»twobis indicated

by the‘drrows.'_(Cayey,‘cqlumn).ﬁ X 8,000.

iA-higher magﬁificatiénumitrbgraphfof'the,ax§n of the same

cell, showings'the predominaht”axonal contents: large

solid vesicles, various agranular‘vesicles;4enadplasmic'

_reticulum, and microtubes. (Cavey, column). ‘X 45;000;p‘fu
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I'Figuré 18.

Figure 19.

‘mesentery;. C and Dz’

PLATE 7

Large hipolar endodermal neurons. (A: modified Hertwig

maceration, oral-disc endoderm andfectoderm; 'B: Batham,
Z10 impregnation; mesentery).

A: X 2,500; B,<C, and D: - X 2,000.

L. . , S . o,
'Small bipolar endodermal neurons. (Wood's alcian blue,
mesenteries). - X 2,000. ' . - . : :
.
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Figure 20. A scattergram of endodermal blpolar neurons found on 1°

mesenteries. Open circles represent 70 neurons found
in ZIO-1mpregnated»tlssue, and the closed circles repre-

sent 30 neurons' found in Wood's
tissue. Note the cluster,.aroun
neurons. that lie outside the range of cells seen in ZI0-

giélan ~-blue stained
3 x 10 u, of Wood-stained

_av' impregnated tissue; these represent;the small blpolar

neurons.



Figure 21,
A,
Figure 21,
B,C,D,E,F.

g

¢

T el “»?LATE 9

o

v

iA’mul;ipolar neuron bearing six fibres. (Bagham,
- mesentery). X 1,000 : .

‘Tripolar ‘endodermal neurons. Note ‘the presence of
 silve¥-staining masses at the insertion of the nerve

fibres to the cé€ll in 21B,*and of vesicles in 21D and
21E that are Wood-positive and ZIO-negative.

- .(B:. Batham, mesentery; C, D, and F: Wood's alcian
. blue, mésenteries; E:  ZIO, mesentery)._»X“Z,OOO.
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. Figure 22, A fibre of new-cell dype 1. The fibres of this j€ell con-
AL - tain little but the small agranular vesicles 4nd the .
St large solid vesicles that characteri®e the cell. (Cavey, ', )
column). X.14,000. e . .
Figure72izA_ A single'vesicle ﬁriﬁted at a highér magnification for” .
B. - direct comparison to plates of the vesicles character- .
- ., - izing the other nonnervous types of fibres (Figs.. 23,
B ahd ¢, 24, 25, 26). <(Caw5y. column). X 65,000. '
4 .. : ) ) O‘v. ,'so
Figure 13, A jaricosity'of,the fibre of a-new4c§}1“typé‘2. Aifhodgh,‘
A. . - relatively small it has caused a deformation of the i
L Qverlyingtepithelium. (Peteya, mesentery).. X:10,000.
| | . ‘ ' ," »’«_ . .A ‘o . ‘o."’.'l
Figure 23, The agranular vesicles, soIid,vesiCles; and 'some other
B,C. . . . organelles of this type of fibre. (Peteya, mesentery).
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Figure 25. -

Figure 24,

A var1cos1ty of fibre type~4 contalnlng opaque ve51c1es
. (Cavey,

" PLATE 11

They contain small ,
and'

. Two var1c051t1es of flbre type 3
dense-core ves1c1es, largeosolld vesncles, glycogen,:
(Cavey olumny). X: 65,000.

small membrane sacs.

"and a small number of dense—core ve51c1es

column) . X 65, OOO ©oe
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I BT PLATE 12
Fig’uré- 26.. A flbre type 5 _,contalrung ‘an’ accumulatlon of the 5011d K e
TR .vesicles which characterxz@ the type. Note the presence - ’

° ‘ .+ - of microtubes; ‘this is the nly endodermal nonnervous - e

. . fibre- type ‘which containis nmcrotubes ' (Cavey, pedal S

- " "dxsc) xas 000. e A , S
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Figure__ 27 .. a‘,

Figures"
28 and 29.

X 100,000. -

PLATE 13

KN

E S

»

Akseﬂﬁﬁpy—Celi.akon, identifiable by the ldrge class of

-sol vfgicles{jsyﬁapsihg on an unid ied type of © = .
© Fiblk. ¥Phe synaptic vesicles are agh ar, irregularly

sphip®ical, and constitute a subclass o ‘the agranular’
vesicTes thut are found thrpughout’the axon and cell

" body. 3 Note tpqﬁ/&hgzgap,‘ﬁﬁich,is~200‘ .wide, is larger

than in adjacent.nonsynaptic areas. (Cavey, column). "

Synapses of one of the neurons.  In Fig. 28 the postsyn-
aptic fibre is of an unidentified class; in Fig. 29 the

two synapses are reciprocal between two fibres of the same

class as. the presynaptic fibre in Fig. 28. The synaptic -

- vesi¢les are 600—900 X, spherical, and agyanular and may.
. form large ac;umulatioqs. The gap is 200 A wide.. In the

synapses of Fig..29 postsynaptic sacs of. reticulum can be
seen (arrows). (28: .Cavey, column; 29: Cavey, .mesen- .
tery). X 100,000. L e

<
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.Figure 30.

. Figure_Sl,
" inset.

 VFiguge_3i;_

A type A muscle fibre containing hollow thick fibrils

PLATE 14

B . o
" . “ - "

°

distributed throughout'the fibre, and-show no apparent .
association with the thick fibrils. (Cavey, ‘column).

»_and“nhin fibrils. The thin fibrils appéar to be randomly

X.120,000. .

_—

A'typé B muscle fibre con;aining'very~1afge thick fibrils.
In such fibres it is difficult.to resolve the thin

- fibrils, but in some cases it can be seen that they form :
- circles around the thick fibrils. (Cavey, column).
X 120,000. o - : L

A longitudinﬁl‘section of a‘thick fibril of a type B .
fibre, showing its periodic banding. On this basis it~

" is suggested that this may be a paramyosin.fibril; (Cavey,
. pedal disc). X 120,000. o - .
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Figures 32

and 33,

PLATE 15

Type B muscle fibres which appear to be 1ntermcd1ate
between type A and the type B fibre seen in Fig. 31.
In Fig. 32 the central area of the fibre contains the

hollow thick fibrils which characterize a type A f1bre,

while the rest of the fibre contains small paramyosin
fibrils. Note that the thin fibrils show an associa- '
tiop with the paramyosin fibrils but not with the
hollow fibrils. The fibre in Fig. 33 contaln no
hollow fibrils and the paramyosin. fibrils are- larger

‘than in 'Fig. 32 but smaller than those in -Fig. 3T,
" Most of the thin fibrils are arranged in a circle

around the paramyosin flbrlls, .(Cavey, column).

'X_120,000. - _ - , SN
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Figures 34

and 35.

Figure 36.

Figure 37.

. X 85,000.

PLATE 16

~Mesogleal amoebocytes of the form characterlstlc of the
tentacles, oral disc and pharynx. ‘Both are elongated
and bear numerous processes of varying sizes.
(Permanganate in sea water-MECl,: tentacles)

»

The three types of vesicles fouﬁd in'mesogleai'amoebo—
- cytes:

(A) 1500-—3800 A solid or dense- .core vesicles,
(B) 1300—2000 Rm§ol1d or dense-core: veslcles, and
(C) 650—800 X agranular vesicles. (Cavey, column)

’

.

X 15,000."

°

A typlcal mesogleal amoebocyte of the form character15t1c;

of the mesenteries; ‘it is .elongated and bears no pro-
‘cesses. (ZIO 1mpregnatlon, mesentery) X 2,000.

-






L PLATE 17 - . -
Figure 38. " Small mésogleal cells. ¢ .

o 4 : .
Figure 38, - Bipolar cells with an agranular cytoplasm and unbranching -

_A,B,C. . - Fibres. Cells like these are camparable to the mesogleal
« . = - - neurons ‘described by Leghissa and are distinguishable from
. endodermal cells described here as neurons (compare with
. Fig.-19). S e

2

. Figure 38, - Bipalar cells with a granular Oor agranular cytoplasm and
" DoE,F,G,H. branching fibres. Note a third fibre which originates
o - from the cell body in 38E, and a third which originates

~at'one end of the cell body- in 38H. '

. '(All piéteé: iZIQ»fmpregnations,_mesenteries)., X 2,000. "
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Figure '39.

T.Figure 39,

A Figure"jé;b

Figure 39,

'Cells, w1th granular dvtoplasm and branchlng f1bres,
- which:cannot be catalogued as elther b1— or tri- or
‘multipolar cells. . - -

“

" PLATE 18

Small mesogleal. cells. . .- | ' o ‘

>A bfpolar cellhw1th'%$anch1ng fibres, and a @hlrd flbre
: whlch orlglnates from the cell body."

.
e - e . e . o R
A . . "'h.m‘ . . 5

"

i _Trlpolar SMC3" Note in 396 two fibres of the’ cell. 'wet'.  -

each other® (arrow) in what has béen descrlbed as‘a

,syngptxc JUDCt%Oh (Batham, et al., 1960) - ’::' RS e

0y . L el

(All plates.,,ZIO 1mpregnat10ns,-mesenpgyles).. \ -,000,
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" Figure 40.

a

.- .-.°  PLATE'19

- e
o,

Small mesogleal cells. .‘ e e T

°

iLAll plétes.are'of°multipolar ce115'with'bfanching fibfes,

(A1l plates: ZIO impregnations, mesenteries). X 2;000.
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‘Figures 4. i

42 and'43

'u.. | e
PLATE 20 -~

o

Electron micrographs of SMC.‘ Regardless of thelr appear-
ance in LM study all SMC obserte8 'in EM study contained
the same class of solid vesicles seen here. (41: per-.

-manganate in sea water, tentac1e~ 42" and 43: Cavey,

nesentery) 411 /X 18,000. 42: X 18,000. 43: X 65, 000
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"Figure 44.

Loedy : R o

PLATE 21

‘A fibre of a SMC entering a tube of the sunken ectodermal
muscles. Note that the cores of the vesicles of this and
the other fibres of ghe SMC have fallen out leaving holes
in the section, a phenomenon unique-to a single . experi-
“ment with metaraminol incubation. (Permanganate: in sea

. water-MgCly, tentacle). - X 25,000.

&

. A R

‘A fibre of a SMC showing a localization of endogenous
_catecholamines in its- vesicles. (ngdiﬂfchromaffin,_
tentacle). X 40,000. s o
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- PLATE- 22

o . v

RN
¥

Figure 46, The only cell bod} observed of‘a mésogleal cell type

A. . whose fibres are found only in the tentacles, oral disc
and pharynx. The cell body-is 5 x 55 p in . size and
contains small agranular vesicles and large 'solid
‘vesicles. ' (Permanganate in sea water-MgCl,, tentacle)..

X 10,000.

A

Figure 46, The spherical solid vesicles which characterize the
B. - fibres of this cell type. Note also . two elongated
: vesicles that have a heterogenous matrix (*J; this form
of vesicle was found in' the cell body near the origin
- of a fibre but has never been seen in the fibres.
(Permanganate in sea water-MgCl,, tentatle). X 90,000.
} . : ’ é "y . . N - X
Figure 47, ~A fibre‘ofgﬁutYpe observed only opce. Its vesicle - '
. population ‘consists of 500—1I300 A opaque vesicles.and
'possibly some small :s@lid and large agranular vesicles.
" (Permanganate in sea water-MgClz, oral disc). B '
*’ T ‘y{47A:_ X 25.009. 478: X 70,000. - -
) 2 ’ . ’ Co j‘\' &y . .
Figure 48. An ectodermal neuromuscular synapse photographed from £
: : thﬁfsamelsection,as was Fig. 47, for comparison to &
€§§_Fig,~473."(Permanganate in sea water-MgCl,, oral disc).

' X_20:/000. | | N
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PLATE 23 : R .
‘ /
figure'dg, Crdss section of the column shpwing the reticulum (R)
as a network of interconnected fibres among which only
.one morphological type can be distinguished.

I (Formalin-acetic-alcohol, body wall; 5-u wax‘section);
. . ) . "

(Certantheopsis). X 1,700.

- Figure 50. In sections less than 2.5 y .in thickness, two types of
- . fibre can be distinguished in-.the reticulum. One
(lépggiarrows) runs radially from the supporting-cell
cell bodies in the epithelium (E).-to the mesoglea M)
while the .second (small arrows) lies irregularly’ in the
plane of the reticulum. (Susa, marginal tentacle). !
(Ceriantheopsis). X 1,700. ‘ ) ' ‘ O

] !

- Figure 51.« In EM study both types of fibre seen by, LM are seen as
: h aggregates of a single type of .fibte (arrows). (Batham,.
marginal tentdcle). (Ceriantheopste)iwsX 20,000: - :
4 v S i .gh - |
. : _ . . o ‘ . e S
Figure 52. Part of the fibre pf%xus, showing the size of the fibres -
- : and of the extracellular space in’tissue fixed in osmium.
Note the bundle of filaments within the supporting-cell
peduncle (arrow). . (2% OsO, inwQ.13M Millonig, tentacle). A
(C&riantheopéis). X 13,000 . .. : O S b
p S . . S S . \
Figure 53. ~Part of the plexus, showing fibres swollen to the point .~ - ..\ -
of near exclusion. of the extracellular space. This is. -° ¢
‘typical of aldehyde fixation of cerianthids. -(Peteya,
marginal tentacle). (Ceriantheopsis). X 8,000.
' ’ i o ) PR
g

- (4% glutaraldehyde 'in sea water, oral disc).
‘ ' (Certanthaopsis) . X 12,000. a

o Figure 54. A nerve SOma*that*‘ésﬁexg;odedVBY,6$motié damdge;

T
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PLATE 24 -
'Figdre 55. Atiigﬁt'miizograph'of tissue’ fixed in osmium, illust}atihg
. o the very small size of the fibres of the plexus. (2% 0sO4
L ~ ih 0.13M Millonig, marginal tentacle). (Ceriantheopaia) .’

.vx 1,790. '

Figure 56. . A pléxusyin,ﬁhichifherqus a 1#mited swelling of both the
fibres (small arrows),.and of the peduncles (large arrows).
'(3.5% formic acid with 0.1% Os0y,; marginal ;entaclei.

(Pachycerianthus) . X 1,700. . . . S A
o ) ] : ‘ "a‘ ) - v B | : ‘ :
_ Figure 57. ﬁigbf mic¢rograph of tissue in which thexze ;5‘seve£§,'
N ' ‘swelling ‘apd some rupturing of the fibres,/ (small arrows)

but little distortion of the peduncles (large arrow).
ot

»fﬂSt?vie,‘Fentacle). (Stqmphial- ' X.1,700. o
" IR N

’A'?igurg‘SS,

4 :{/
Eéghs micrograph of tissug;that:shows 5omé?bﬁﬁrattyrisiics
of & reticulum. T¥Ne duncles . (arrows) are highly .dis-

,  torted, ‘and some are aghregated, or brokeh from the mesoglea.
' Further, it is not possible to recognizé the fibre plexus .
in this tissue,- (Bouin 1898, tentacle). | (Stomphia). T
X 1,700, | S T i ,
N ‘o RS . A - _,’ : *. ) X ) . - . ) |
i - - . - . ' O U

] - AR

Figure 59. - Electron micrograph of the plexus from tissue fixed in /
SR ssue looks like That™p’

. formalin. On a LM level thgs t
_Fig’ 58, ‘and it is not pos¥iblelito recognize the fibres =~ = o
-although the ‘'cytoplasmic r bons' of the muscle fibres. -
« are easily discerned. N, fibres; *, ribbons of muscle
' fibres. (1 ‘commercial formalin In sea water adjust d ;
‘to pH 7.3, tentacle). (Ceriantheopsis). X '13,000. 1 A
. . . . , P . *

‘Figure 60. . Three plexus fibres (1,2,3) from the. tissue seen inm -

‘ ..~ Fig. 59’showingﬁunu§ua11ylgzbd,presé¥v§ti¢nfof their- —.
‘microtubes and membranes (drrows). - The membranes’ between

- -fibres 1 and 2 are p1n95t~§§ta¢t, while those be ug:n”ZV
and'3 are mqre typical.. X'100,000. [ R

!

Figure 61. . Part of a supporting-cell peduncle (P)-and of a rihbon of }y
- © . a muscle fibre‘(Rg_frqt\thd'tissﬁe*iqeu'in‘Fig.u§9. showing, = |
R - that while the membranes (axrows) of these cell&‘arolglso-w

©+ ;. damaged they are as well preserved as tPe best seen.in | -

: -~ the fibres. - X 100,006 ~ ' P e
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" Figure 62._7\Tﬁc;QCtoderm‘at the(base;?f a ﬁ?i@éry tentacle., The . . '
e - epithelium is composed mainly. of supporting ceils, gland
4 ~ cells, receptors and cnidoblasts. Thesfibre-plexus,is = .
% - ° “well developed and contains four- types of nerve: fibres g o
R which conitute about 50% of all fibre profiles seen. . =~ .
- The muscle layer is formed into tubes which  are_ sunken . ’
' " into the mesoglea. ~(Cavey;;tentac1e). . X 2,200 (agprox,).

‘ Figure'63.  The fibre plexus of . the same section as Fig. 62. Note '~
: . the supporting-cell pedunc es (arrows). For comparisons
) ...+ . Figs. 63, 65, 0 »_and 69 are.at the same magnification. - -
' ‘ '(Cévey,;tentacle)f\ix 10,000 S : Y

IR
5 :







R -,
f SRR SR ) N
. . °
. RESERS R o o .
5o D, ' - L » o ' e : »
‘. . C e . ‘ Lo A T .
CPLATE'26 L - { e e T
. v o v E N o ' . LA SR ‘“.l T :
g : e e e IRVLEFATS

Figpf€~64;f';The“cdlﬁmn ectoderm in the area overlying .the”sphincter.

*."The eéffecgive stimulus which elicits swimming in Stomphia
. - didemon. when touched by a S.. caqéinea‘is_lgcalizedjin.thisf

« epighelium. = The epithelium is composed. primarily of =~
‘ sPirqcysts,(not_recorded,in‘the cnidome of this species)

* and basitrics, three types of"

gland cells, and supporting

cells. -Note the presence of amoebocytes (arrows) which "

;‘Hﬁve inVaded the epithelium.
thq.sphincter); .X' 2,000 (apprT

‘Figure 65.  The fibre-plexus. from the samé
+. - " appears to.be a continuation.o
, in that both contain many of t
.. only ofe nervée fibre, type 2,

and Wo1umn. ~ Noté the supporti

(Cavey,fcoluqn,oVerlying_
'Seéfiohjgﬁ ?ig"64t/i1Q{ |
f ‘the plexus of the tentagle
he ‘same-elements’ .However,

s .

is;found;in"thh_thg‘t¢ntégre

ng ¢ell-peduncle (arrow).

S

-

‘(Cavey,n¢61qpn.Qverlying'the*sphincter),?"x.lo 000

3
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" Figure 66.'_'The ectoderm of the columh below the .level .of. the TR
S ' - sphincter. " The . epithelium is predominated by supportlng '

~ cells and‘gland cells. (Cavey, column below the
: sphlncter) X 6!000 ‘ S

n

rd

Figure 67. The base of the epithellum seen in"Fig. 66." There is’
'~ - no-fibre plexus but.isolated bundlessof one to six fibre
‘ " profiles’ can bg seen at. intervals of up to SO u aleng -
s - ‘the basement memb}ane (Cavey, column below the '*’_
' : sphincter). X 10,000. . .
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Y

cells, supporting cells, and solitary receptors. vey,
© pedal "disc). - X _6,000. ’ : '

A O,VY . SN

;

Figure 68.  The ectoderm.of the pedal disc is'prédbﬁiﬁated by géind _
, (=

o

o

. . e . : ‘,

‘Figure 69. ‘The fibre plexus of the¢ pedal disc 1is small and discon-

o \ tinuous, but may. be five fibres in thickness and contains
-at least four types of fibres. At this time nerve fibres
have not been jidentified in this plexus. (Cavey, pedal -
disc). X 10,000. = : : :

-






Figures“¥o
and 71.

Figure 73.

’

PLATE 20 = S
%

- - .

Longitudinal sections through the cone of the ciliary-cone
receptor, illustrating its conical shape and the axial

location of the central cell (*) and.its sensory apparatus.
The cone copsists of the cilium (C) and stereocilia (large

" - drrows) of the central cell, surrounded by the stereocilia

.(small arrows) of the peripheral cells. (Wes}fall;
tentacle). X 10,000. a ’

A longitudinal section 6f a'peripheral (PC) and a central
(CC) cell. The central cell has a narrow dendrite that
contains numerous microtubes, and whose surface is -covered
by its sensory apparatus. The peripheral cell is character-
ized by the aggregate of large dense-core vesicles at the
surface of its expanded dendrite. (Cavey, tentacle).

X 33,000. 7 -

A cross section of the tentacle ectoderm in a juvenile,
showing the relation of two peripheral cells to the rest
of the ectoderm. At this age these cells are proportion-

.

\
o

" ally longer than in an adult and extend nearly to the base

of the epithelium. Thus axons (A) can . often be traced to
the plexus (P), althpugh in only case into the plexus

- (see Fig. 77).. Note the greatly expanded dendritic

surface of the one receptor (between the arrows). (M1,
muscle tube; M, mesoglea. (Westfall, tentae}e). X 5,000. -
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Figure 74. A tangential section of the tentacle surface passing ‘ 1‘
through the dendrites of two receptors. The central-ce
dendrite (CC) contains only a ciliary rootlet surrounded .

Q

» ) by five bundles of fibres extending from the stereocilia.
: The dendrite of the peripheral cell contains large
° . vesicles (large arrows) and a disperse web &f fibres

(small arrows) which are characteristic of this gell.
The cilium (C) is a ‘rare occurrence in a peripheral cell.
(Hq’tfall, tentacle). X 21,000.

bl it

“

Figure 75. A tangeptial section - through the middle of tho cone
showing its symmetrical ofganization. The stereocilia
of the peripheral cells (small arrows) surround a circle o
of central-cell stereoci}ia (large arrows) at the center
of which is the central-cell cilium. Westfall, tentacle)..

X 28,000.

o

Figure 76, The cilium and stereocilia (large arrows) .of the central
' cell, and the stereocilia (small arrows) of a peripheral

A - cell. The fibres of both types of stereocilia are of
~ the same size, but differ in electron density. Note the
numerous cross bridges betweai??djacent stegcocilia.. In

most aldéhyde fixatives these Wridges are not preserved

© and in such cases the .stereoci{ia may ¥bllapse to the
tissye surface. (Westfall, tentacle). L_%Q
N ~
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] . . . y .

Figure*77. A cell body, lylng in the lower eplthellum which bears a
R 5% o1 1 nerve fibre. This is scen. as one line of ev1dence;
that -nerve-fibre type 1 is the axon of the ciliary- cone

'receptor. Note t umerous vesicles in the -extracellular
space and within the nuclear membrane; their, translocation

~from the cytoglasm 1§ interpreted as,an artifact caused by *
prolonged Mg . narcotizatiom: (Permanganate 1n sea water—

'MgClz, ‘tentacle). 'X 80, OOO J o - F :

-

~Figure 78. The axon and synapse of a type.l nerve flbre. ‘At the base .
R of the tentacle this type’d synépse has a frequency of

~about 50/1000 u2 of seetion| area in. the. plexus.

(Permanganate 1n ‘sea water- gClz, tentacle) .X 80, OOO

» . v' -] . - . - i . ) - » . - . _.,‘ : - ,.c,
Figgre'79. A synapse -of type 1 in whlch dense cores have been pre-
- _served in the synaptlc vesicles by permarganate- ‘fixation,

L (Permanganate ;n sea water- MgClz, tentacle) X_lOO 000.

v

Figune 80. A synapse of a type 1 flbre from tlssue that was 1ncub
: ° . _in metaramino? prlor to fixation.. Note the decreased
‘electron density in threée synaptlc ‘vesicles (compared to
those in Fig. 79) and the loss of the cores, tﬁrough e

& - dissolution durlng sectioning, of another synaptic " L
vesicle (arrow).and of the large dense-core vesicle
. A . (double- arrow) . (Permanganate in sea’ water MgClZ, tentac}e)
< « . X 120,000, - . : .

Figufe 81, ,‘A synapse of 4 type 1 fibre in osmlum-flxed tissue. - Note -
: ‘ ' ! the intermediate band in the synaptré,gap (Westfall
oral ‘disc)s X 100, 000 -

! .

e N ¢






- Pigure 82.

fFigure.Si.

»

[

Figure.85;

-

‘Figure 84.

 PLATE 32

‘A type 2 nerve flbre illustrating the three classes of
vesicles which characterize the fibre. They are the .
*synag;ic vesrtles (small.arrows) which are often irregular |
+in shape in aldehyde fixed tissue, and small (large arrows)

- and large (*) dense-core vesicles. , Note a possible
. synapse from a type 1 nerve flbre -(Cavey, tentacle).
X 45,000. . - DRI v

(2

A metaramlnol 1ncubated permanganate fixed synapse of a
-type°2 fibre:, The cores of the .synaptic vesicles. hdve
been partly removed by the metaramlnol indicating that‘

_they contain a- biogenic amine. (Permanganate'ln sea

water-MgCl,, tentacle). X 80 ooo

P e

LA synapse between’ two type 2 flbres. Note that both the
" small synaptic and the small dense-core ‘vesicles are -

‘agranular. in. osmpium-fixed tlssue.v (Westfall tentacle)
X 90,000 - o ‘ S R -

-

A synapse of a type 2 nerve flbre 1n|@1dehyde flxed tissue.
(4% glutaraldehyde 1n 0. lM phosphate at pH 7 4, tentaclé)
X 100,000.‘ C . : .

o
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i Pigurc‘86. "Three’ sect1ons 1n a series of a g1ant ect&germal type 3
R ‘nerve fibre which appedrs to be ‘giving rise to a compar-.

o~ able-sized branch (*). ) (Permanganate 1n s a water MgClz,-‘

S tentacle) X 5, 000.

¢

Figug% 87. ' A giant type'3 fibre which appears. to be giving rise to
o ~a.small,; collateral branch (*). ‘Note also the synaptic
o interactions with two other small type 3 fibres, one of.
N ‘ . which has entered a deep invagination of the giant: fibre, .-
' ' (Permanganate 1n sea water- MgClz, tentacle) .X-25,000.
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‘ Figﬁre 8$i‘
Figure-Bé.'
ﬂFighfg;QO,‘

" Figure O1.

" ‘evident (arrows).. (Permanganate in se ‘water-MgCly;
temtacle).. X 120,000. o oo\

‘ pqs;Synaptic.si4q;i (Westfall, tentacle).

/ . . . . N .

. PLATE 34

APermanganate-flxed synapse Ofa typ ‘

‘ ‘ 3 nerve. fibre in . *
‘Which the cross bars of the ‘synaptic gap are particularly. L

3 o 3 SR WA
An osmium-fixed syﬁapse’ofié~type 3 fibr

) : - o N
- in which the T

flattened.vesitles; or sacs of reticulum arrows) on the

. gap bars cannot be seen. Note the apposition of small Lol <:;.' 
4

X‘IQ0,000a

T

. A well-déveloped, but. typical, postsynaptic structure -
. unique to the synapses of type 3 fibres. 1Its organiza-
. tion and nature.are'not.understbod;,;(Permanganate in
. 'sea water-MgCla, tentacle). | X 70,000. - S

* An unusual Syhgp§e~of_type_3;nerve‘fibre‘in;that“the
postsyhaptic"orgaqelle‘is:missing; "Instead a postsynap-
- tic web, showing;periodicfprojectionsffarrows).'is' S
evident;»j(Pefmanganate in sea water-MgClp, tentacle).
vy
o [ n
.
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Figu¥e

Figure

/ Figure

i & f‘Fig.u're_,

'Figﬁre

92.

93.

94

'és;"n

96.

"metaraminol incubation.

PLATE 35
Rl -

A type 4 ettodermalAnerve fibre. Note that twg of the
muscle fibres have 'sarcoplasmic. e tensions' (*) extending
into the core of the tube of musc fibres where one

" receives a synapse from .the nerve fibre. Note also -that

the nerve fibre crosses the mesoglea (M) to enter a second .

‘tube. (Cavey, tcntacle) X 4542000.

. R o

An aldehyde-fixed néﬁrohuséUlarvSynapse in which ‘the.

- synaptic vesicles are agranular. V(Cavey, tentacle).
X 140, 000. T ‘

3

A neuromuscular synapse that has dense core synaptlc ves-

icles; such synapses constitute- about 1% of those seen in

(Permanganate in sea water-MgCl,,

permanganate-fixed t1ss<i\~ The cores are not affected by -

oral disc)." X 140,000.

c.
A Q.'

. . ".a

A neuromuscular synapse from tlssue prepared by Martin's

210. 1mpregnat10n. In such tissue the synaptic wesicles of

.most of the neuromuscular synapses have a weakly stalned

dense- core. - (Martin's ZIO, tentacle). X 100,000.

The core of a tube of muscle flbres show1ng three type 4

fibres having multiple synapses with two 'sarcoplasmie

extens;ons' of muscle fibres. - (Permanganate in sea water-
MgClz;‘tentaCIe). X 80,000. E > : '

¢
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Figure 973\

,hﬁ\ Figure 98.

Y
s

»MgClz, Qral dlscl

-identified receptor.

PLATE 36

Small multlpolar cells of a type which is found through-
out' the tentacles and oral disc and which are found in
high numbers in the inner oral disc. Althéugh it cannot
‘ fibres identified here, %} is possible that this cgll
type is the small multipolar neuron described by

Leghissa and Robson because of similarities in their
distribution and morphology. (Permanganate in sea water-
X 18,000.

\ be identified as the soma of any of the types of“hFrve

\
P

A cillum surrounded by 0.6 u-diameter stereoc111a fod%d
stand1ng 5 y above thée tissue surface of the ectoderm
that overlies the sphlncter. The structure Js distinct
from the sensory apparatuses Qf gland cells and of
cnidoblast$ in Stomphta,_and on this basis it is suggested
that thé structure may .indicate the presence of an un-
(Cavey, column ectoderm over1y1ng :
the sphincter). X 26 '000. - ;
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Figure 99
and 100. ~°

~

Figure 101.

Figure 102.

. o o PLATE 377 .

Appareni polarifZed synapses which characterize nerve-

fibre type 5. They have been found only, in the column

ectoderm that overlies the sphincter. (Cavey, column
dNer the sphincter). 99: -X 85,000; 100: X 75,000.

™
N . .

A synapse between two fibres of nervesfibre type 2
{Cavey, column overlyimg the sphincter). - X 100,.000.

! Ve
- ‘ " 7. , |

An apparent unpolarized synapse, of.a kybe seen only

" twice, for which nerve-fibre type 6 héE been cTEa(Fd.

(Cavey, column overlying thé sphipcter

. I/\J
a

X_75,000.
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Figure Ql 03.
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Figure "105

[

“Figure 104.

) o
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. PLATE 38 °
- T o L o N : .
Theqdendrite'oﬂ a receptor that was found only in the oo

pedal disc ectoderm.  ‘Its sensory apparatus‘consisté of
a cilium withird a circle of stercocilia whose fibres run
as discrete bundles for several p into the dendrite. -

_The adjdcent supporting cells. surround the sensory _
‘apparatus with. microvilli credting a multicellular cone -
similet- to that of the tentacular ciliary-cone receptors.

(Cavey, pedal disc). X 25,000. -~ ‘ o

_The dendrite and cell body of ‘a pedal-disc receptor,

‘identified by itsasenso?y,apparatus_which‘is not in the

plane of this Section. (Cavey, pedal disc). X 7,000,
L - | <« . . . . L .

‘o o

A ﬁanggﬁtial section through the surface ectoderm of
‘the pedal disc showing the. aggregation of supporting-cell . '~
microvilli (arrows) around the stereocilia (*) and the :

cilium of the receptor. = (Cavey, pedal disc). X 30,000.
i . : Phcidihat s ' “ P e
P - . T; e 3 o o .
‘ . )
%_ - v | ” ) , A :
o E = R . . . .
. &, :
.”.:,_" - _‘
[ : R T
3 v ’)j ,
) Al ¢ ! :
b e »
‘o (3 - N -
<
o ° )
[l \ o . r's
, 7,0 .
. /o i/ > o
. ;
. ; . . “ . N "
°: <
. } . ) ‘ '
. o . ¢
o



-




 Figures 106 .
© and 107.

e

_in shape“because they each possess,two major processes
’,(*) in’ op§051to -pdlar positions.. 'In addition the. cell
in Fig. 107 closely resembles the blpolar multipelar = -

.
. o

" PLATE 39

.

Ectodermal amoebocytes which résemble b1polar neurons

-

neuron descrlbed by Leghlssa (1949) in that both its

lcell body - and’ its major processes bear a smaller class
_-of*process (arrow:) °'(106: Permanganate in: sea water-
_'MgClg, ofal disc;. 107: Permaﬁganate in sea- water MgClz,

.

pharynx) 106'_ X.5,000; '107: X 10,000.
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TABLE 6 Dﬁta supplemental te" those presented in Table 5’(p 133) '
e for the dlstlnctlon of ectodefmal nerve~f1bre types 1 and 2

: ‘;c ". hJ~efﬁ§3thi 19“ ,t.._' Type 1 .ffffh-‘l Type 2 ‘

o Dlstriputlon R V‘Q’“;].l: G tentacles and : bl.x‘tentacles and R
- PR R .outer oral dlsc - *oral disc. BRI T

Dlameter of synaptlc app051t10n o B Pl L

'.Influence of f1xat1ves R ;-7,j“'jl T
~on synapse recogn1t1on : o B s

K MnO follow1ng 1ncubat10n 5“5 ‘ﬂ. ff s ':Jl_ Do el
'3,>i- in catechelamxnes S _numerous” . % - . " frequent .
T R e e T T g L

‘ aldehydes”ol };- Colte L. very rare 7. frequent ..

: 0504 -‘ ‘. ' R . , . ’ - overyrare ; .“.‘ . | < - frequeﬁt ..".Q» E
% Flbre types rece1v1ng synapses : ',v{ .'fP hh . ';L- 'f _vf’ "
. from: thlS class .;'f oo typer20 s type 20

T U CRE S I I AL A T c T

rg typ s hav1ng §ynapses B SR S T e
~upon this class B D P moné . ... - . . types l.and 2 ° o

o . . ) L

A At the defense of thlS thes1s 1t was p01nted out that the&data
presented 1n Table S ("Dlstlngulshlng characterlstlcs of tﬁe ectodermal
_nerve flbres", p. 133) prOV1ded.fbr a: d15t1nct1on of types 1 and 2 5"
only if the reader chose to belleve that a partlcular type of ve51c1e N
was found in’ only one of the two types of f1bre.~ To save such a reader

from needlng to- resort to the text: for add1t10na1 characters Whlch
d15t1ngu1sh the type. 1 and 2 ectodermal nerve flbres 1t was suggested
that a suppiemental table be prov1ded 1 ' '
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. A diagramatic SUmmary of the topograuhical relationshlps (as determined R :
'by ‘EM studyL.of the cell types comprising the endoderm. . ‘It sﬁould,be‘f; hE
. -noted: that the: drawing ignores -the four classes of neuron, which -have- been\'
”:Lobserved only on a LM 1ével;, ‘and the type 3 and & fibres because their -
~ somata. ‘have mot, ‘been identified..- o
. The: endoderm” is organized ‘into three layers., The muscle layer (ML), apposed“
" to ‘the: mesoglea (M),qcontains only: the contractile muscle - fibres and the )
" sunken muscle’ cells\(MC) Overlying this is the fibre plexus (FP) and
“the superflcial epithelium {E) .- The epithelium is composed of  the cell
.. bodies ‘of" tHe epitheliomuSCular cells ‘(EMC) . and a small number . of ° gland
'{cells (GC) receptors (SC), and type 1’ cells ). The £ibre plexys is
‘°d'composed of the axons ‘of the receptor ‘and ‘of the. four ‘types ‘of meuron, .
-and of fibre types 1, 2, 3, 4y and 5; in: addition it contalns ‘the somata-, e
" of the type 2 cell, amoebocytes (A), andNof . the four type of’ neurons._n;,;}. T
An’ important discovery ‘made’ since the writing ‘of this- thesis ‘has been v” R S
included here (it is ‘not te be. found in the thesis’ proper) The type 5
. fibre is a "sarcoplasmic extension” of . thé. muscle fibres.“ They are
ke attached to cytoplasmic' rlbbons ‘of the ‘fibres which are- filled with
."vesicles and tubules which may represent a reticulum. ff*,¢ S

‘f_‘Note Most q; the anatomicai and topographical characters of the cells .
‘j{have been distorted :both- purposely and: through ignorance in: this drawxng.v
- The’ drawing serves no purpose~but to. answer the unwriten. requirement that

'f-every thésis must ‘have at least one d ng, ‘the reader who may. want:’ some‘r ST e
' ‘touch of reality is directed to. thea graphs presented in the thesis_l/“;f~f‘m T
sproperf IR L _,; a.“' “, = T I SR ,;i'- //,, .
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