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SUlllBary 

i 

The ne noua syst_ ol the trochophore larve of Bar..othoe imbric:ata 

(Linné), (Polychaete, Polynoidae) includes larval nerves as weIl 118 

rudiaents of the duIt nenous system. The appearance of neural 

• h ~ tissue follov8 a developmental sequence beginning between the 6 t and 

7th day and correlates vith behavioural development in the larva. It 

appears that early cerebral ganglion cella, inc:luding a pair of 

rhabdoaeric ocelli, give rhe to • prototrochal nerve that innervatee 

prototrochal ciliated celh as weIl as muscle cells ensheathing and 

serving the etOlllodaeUll. Three populations of vesicles/granules aad 

three types of nerve fibers have been se en'. ODe population of .al1. 

lucent vesicles is involved in synapse-like specializations. Another 

population resembles the tnoWll aol'phology of catechol_inerlic 

granules. Neutral red staining and glyoxylic &cid hÎltoch .. ical 

fluorescence confira in pan the involvaent and distribution-- of , :. 
catechol .. in •• aeen in the ultra.tructural studies. 
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Résumé 

, 
Le sys tbe nerveux de la larve tr~cophore de 

(Linné), (Po1ychaete, Po1ynoidae) comprend, 

( 

<l. 

il 

Harmothoe imbTicata 
\ 

en plus de neufs 

larvaires, les rudiments du système nerveux de l'adulte. L'apparition 

du tissu nerveux suit une séquence de développement débutant entre le 

6ieme et 7ieme jour et cette séquence corespond au développement du 

dpertoire comportemental de la larve. Il semblerait que les cellules 

primordiales du ganglion cérébral, comprenant 'une paire d'ocelles 

rhabdomériques, donnent naissance ~ un neuf prototrochal innervant les 

cellules ciliées du prototroch ainsi que les cello.les ~ùsculairee 

enveloppant et servant le stOllladéum. Trois populations de v6sicules-

granules et 3 types ode fibre.. nerveuses ont éd observées. Une 

population de petites vésicules claires est impliquée dans de • 

.p'cialiaationa de type synaptique. Une autre population po .. We une 

IIOrpho1ogie re.seab1ant , c::e qui •• t connu de. granule. cat6chol_i-

neraiques. La coloration au rOUie neutre et la fluore.cene. 

histochfi-ique ~ l'acide alyoxylique confira.nt en partie le raIe et la 

distribution cl •• cat6chol_ine. ob •• nu cla. 1 •• 6tud .. au ni" •• d. 

l'ultr .. truc:ture. 
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lntroduc t lon 

Harmothoe imbrlcata (Linné), (Polynoldae) is a subtldal, demersal 

marlne polychaete found 1ft the north temperate zone of both Europe 

(Thorson, 1946) and North Amerlca (Lacalll, 1980). The animaIs used 

ln thlS study came fram Passamaquoddy Bay, New Brunswlck. The speeies 

lS polytellc wlth an annual sprulg breedulg season. It has been shown 

\ 
(by Daly (1972) that females that are at least one year old develop two 

successlVe batches of oocytes ln each season. Beglnnlng ln December, 

the maturatlon process of the hrst batch of oocytes contlnues untll 

spawning ln March. lmmedlately afterwards, the process lS repeated 

for a second batch of ova that are sp.awned in late Aprll. No more 

eggs are developed untll the females prepare for spawning ln the 

following year. 

The structure and organlzation of the avaries varles among 

polychaetes. Generally, oocytes are released fram the gonad singly or 

ln clusters after the premeitotic phase (Mill, 1978). ln SOUle nereids 

(F18cher, 1974,1975) and a phyllodoCld (Olive, 1974, 1975a,b), 

e lusters of shed 00goni8 Hoat independent ly in the coelom dur iog the 

flnal stages of maturatlon. In Harmothoe imbricata (Daly. 1972), 

however, ovulat lon fol10wing vltellogenesis occurs immed iately be fore 

spawolng. There is cytological evidence in H. imbricata (Daly, 1974) 

that the ovary retains a proliferative stem ceU or gametogonial 

populat ion. ln male H. imbricata the annual cycle of mitotic 

proli ferst ion ine ludes a phase of exponent ial growth foUowed by a 

t ime of steady state sc tivity in the testes: experimental removal of 

spermatocytes causes a cOIIpensstory rise in proliferative sctivity in 
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the testes (Oaly, 1974). In H. imbricata as well as many other 

polychaetes, funct ional genital ducts are lacking unt il sexual 

maturlty when the coelomoducts and associated glands hypertrophy and 

acqulre openings to the exterior to allow spawning to proceed; 

reversaI of these changes may occur after spawnlng (Oaly, 1972). 

Prel1.mlnary unpublished experlments by Oaly (Mill, 1978) suggest 

that a cerebral hormone lS involved in vitellogenesis ln H. 

imbrlcata. Temperature change as a specifie envlronmental slgnal for 

gametogenesls appears to be slgnl flcant. Ac c ord i ng to unpub li shed 

reports by Garwood (Mi Il, 1978), low temperature accelerates entry of 

developlng oocytes lnto the growth phase while high temperatures 

prevent germ cel! proliferation. Experimental manipulat ion of day 

length does not affect the early stages of gametogenesis i~ ~. 

imbricata although moderately long day lengths increased oocyte growth 

and extremely long day lengths inhibited vitellogenesis. 

Pair formation for breeding is characteristic of Rarmothôe 

imbricata and has been studied by Daly 0972, 1973). During the two 

month breeding season the worms discontinue their solitary existance 

and form heterosexual pairs. At other seasons the worms avoid contact 

or fight when they encounter each other. At breed ing, on1 y mature 

males are permitted to mount the ripe female' s dorsal sur face. 

Between the female' s parapodia, the elongated genital papillae of the 

male hang down to fertilize the released eggs. Fert i 1 ized eggs are 

trapped beneath the elytra until hatching (at 14 days accordiag to 

Holborowand Laverack, 1972). The whole population does not spawn in 

synchrony during the breeding season. 
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LacaIli 098Ib), in a study of the larvae found in plankton in 

Passamaquoddy Bay (Nev Brunswick) found feeding trochopltores of H. 

imbricata in increasing numbers from late March until la te April. The 

development of colour in the gut vas coine ident vith an increase in 

diatom number. H. imbricata larvae are of typical polynoid shape and 

the body is mainly occupied by the stomach. The rapidity of svilJlDing 

decreases as the larva enlarges and the body is not very mU9cular. 

Metamorphos1Dg stages were found to be about 700 lJm long with eight 

segments and simple setae (Lacalli, 1980). 

Because of the complex nature of nervous systems in general, it 

is important and useful to study organisms with simple nervous systems 

and 1 imited behavioural repertoires, requirements which are weIl met 

by many invertebrates. .. Recent vork in the area inc ludes nerve cell 

1 ineage stud ies in invertebrates such a8 in the leech, Helobdella 

triserialis (Weisblat, et al., 1978), a nematode worm, Caenorhabditis 

elegans (White, et al., 1978), and a snail, Aplysia californica 

(tandel, et aL, 1980>. Pharmacological and electrophysiological 

studies on larvae are however, rare; pioneer work being the account by 

Carter (1926) on the nervous control of the velar cilia of the 

nudibranch vel iger, a larval form studied again with more elaborate 

techniques by Mackie, et al., in 1976. Velar neurites vere found to 

contain dense-core vesicles (Mackie, et al., 1976). But the identity 

of the normal med iator of ciliary arrests in gastropods larvae is 

still unknown. With the use of glyoxylic acid-induced fluorescence of 

catecholaminergic cells, the nervous system associated vith the 

ciliary band of an echinoderm gastrula (Dendraster excentricus), was 
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.-' 
shown to der ive in part frOIII animal plate cells -and to develop in 

conjunction vith eoordinated behaviour of the cHiery bard (Burke, 

1983a.b). Al though catecholr~S are indicated, physiological proof 

is lacking that catechol_ines are indeed involved vith the nervous 
, 

innervation of cilia in echinoderm larvae. 

The larvae of polychaetoulL anneUds provide an ex_pIe at the 

extremely simple end of the invertebrate range and yet, even .. oog 

these larvae there exists a diversity of ~havioural ard nervous 

organization. Because of the relative simplieity of the systems 

involved. correlations between behavioural aetivity and the neural 

transmission involved in its control may be more easHy estab lished 

than in more complex systems. Theae organisms are however, very 

small. 60 to 200 m across and study of the morphology involved must 

be conducted at the ultraatrucural level. Ifervoua differentiation and 

behaviour differ widely between planktotrophic (Maraden and Anderson, 

1981; Mauden, 1982) and non-planktotrophie (Marsden and LacalH, 

1978; Bhup and Marsden, 1982) polychaete larvae. In non-

planktotrophic larvae such as those of Arenicola cristata, Iferei. 
I!. 

virens and Capitella capitata the tiret nenous tissue to appear is 

laid down in the adult pattern. The 1arval nervous conneetiona seen 

. .. are restricted to segmental musculature (Mareden and LacaUi, 1978; 

Bell 1980; Lacalli, 1981a) and the paired eyes (Bhup an Mar.den, 

1982), structures that persiat in the &duit. On the other hand, in 

the planktotrophic troehophore larvae of the .erpulida Spirobranchu. 

polyeerue (Lacalli, 1982), Galeolaria cee.pito.a (Maraden and 

Anderson, 1981; Marsd~n. 1982) and Spirobranchu. aiaanteua (Maraden, 

r 
1 

H 1 
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in preparation) tbere ia a larva1' t'lenous .yat_ quite dUferent in 

design fra. the initial coaponenU of the Mult syatea vbicb .ppeara 

sOlllevhat later. The pbar1ll4Cology of the larval system ia to date , 
unknovn. Haraothoe iabricata ia intemediate in the pla'll~totrophie, 

non-plantotrophic range sinee it is released as a planktotrophic larva 

only after 14 days of developeent (Holborow and Laverack. 1972). lt 

vas also the first polychaete larva to be studied, vith the electron 

aieroscope (Holborov, et al., 1969; Bolborow, 1971; Holborov and 

. Laverack, 1972). Holborov and Laverack (1972) found some evidence of' 

neural structures but pOOl' fixation prevented Any extenaive analyais 

of nervous organization or connection vith effectors such as cilia or 

auscle. The folloving study ex_ines at the level of the electron 

aicroscope, the IIlOrphology of larvae of .!!.. imbricata vith special 

.-phasis on the developaent of neural structures. Since e.rlier work 
J 

suffered from erratic am/or inadequate fixation, a basic requireaent 

for the present s,tudy was the proper fixation of larval tis.ue. 

Con.iderable time va8, therefore, devoted in thi. study to tbe 

develo~nt of a reliable .ethod. 

The findina of dense core granules in the larval nervoua ti •• ue, 

suggested the use of hiatoch_ical te.t. for .inergic neurons. Tvo 

techniques 1Iere eaployed: staining vith neutral red and fluorescence 

folloving expost,1re to glyoxylic acid. Neutral red la a vi-tal dye 

accuaulated selectively by _inergic neurone (Stuart. et aL. 1974). 

A aodific.tion ~f the glyoxylic acid technique appropriate for .. rine 

organh.. (Occurr and Berlind, 1983) vas u.ed. 

couverte cate<:hol.ine. to a hilhly fluoresce1'1t derivative (Cooper. 

, ' 

N : 
1 
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Bloo. and lloth, 1978) vith c:haracteriatic fluorelcent _citation and 

eai.sion .az~ th.t allo. for .pectral identification. c 

Since electrophy.iologica1 techniques would be difficult in th ••• 

very .. an and active polychaete larvae. 3B-i-D-Deoxyglucoae studiel 

(Paraco-Cantin. et al •• 1980) vere undertaken to deaonstrate the cella 

involved in the tran_iuion of senlory stiaulation. Taken up by 

active cell •• 2-DG. is a fo~ of gluco.e which cannot he .etaboli.ed. 

and therefore accuaulate. a. an indic.tor of local gluco.e 8letaboli .. 

in the nervou. syste.. lt wa. hoped that thi. preliœinary experiaent 

vou Id label the putatively identified neural tisaue, particularly the 

cerebral ganglion. in the larvae of Barwothôe iabricata. 

1 

1 
i 
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Materia1. and Method. 

Colleetiog aad ob.ervation of larvae 

Adult B. _rieata vere dredaed in Pa •• -.quodcty la,., Bew 

Brunawiek, in late April and ead,. Ma,. of 1983. Ob.ervatiou on 

living larvae and preparation of larvae for electron .icro.copy vere 

carried out at the Runt .. an Marine Laboratory. where the wor.a 

eollectecl vere found to have already apa""ad and con .. quently fe.alel 

.. re broocHng fertilhed ell'. Healthy brooclina f.ale woru vere 

aelected and placecl in bovla of a.awater kept at IO·C. The vater ... 

changed on .very aecond -ctay. Larval releaae, the reapon.e of larv .. 

to tbe liaht of the .icro.cope 1.p and the. undulatina pattern of 

a.n.-i", vere obaerved in the .. bowla usina a diaaecti ... icrolcope. 

Mo're detaUed ob.enationl on .tructure .ad behaviour wre "e with 
1 

the aid of. ,a coapound microacope on iDCIividual larv. plac. in ver)' 

•• an 'cIropa of .ater 9n a atict •• 

BlectlOQ,Microlcopr 

The .. a1l ahe of the larv.. .-c:.a.itated the iavention of a 

aievelike fixation ch_er. The protrucli ...... al. end of the cap of 

an Ipindo~ph cap.ule ... eut off. A a.all pieee of nylon ... h (with 

hole di ... ter of 80 Il.> v.. then "capped" in. Watt the outer.)at 

ria of the cappect eGd aàd the tip of the pointed end _re bath eut 

off t r.aultioa in, a çyUnder that would .llov tiquid drain... white 

the larvae vere ",'iq aupport~ on the .ah. Larv .. vere pippetted 
D ' 

into the ch_er wbich waa, th.lI ,tran.ferred fr_ aolutiOD ta lolutlon • 
l, ' 

(blottina on filter paP.,er eOI'ur.d Proper drain .. e of "h ao1utioll). 

Duri.. the fiDal cha.... 01" tb8 .... di.. .ixture. the .ah c0ger" 
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iuert (cap with eut enda) .a. puahecl out vith a fine dhaectioa 

n.edle. The larvae-covered .. ah .aa then lifted off" iu aupport and 

Two fixation aethoda .ere developed whieh yi.ldeel .atiafactory 

reaulta. Beeau.e of the spring breedina aea.on, teatina of fixative. 

in the fan and .inter aontha .a. carried. out on adult ti .. ue and a 

aiqle, .. aU population of larvae. Larval neural and andodenaal 

ti .. ue did not respond .. ven to the final fixative. ua ... did the 

larval epideraal and &dult tis.ue. The nature of the ti .. ùe rather 

than it'a location vithin the larva b probably reaponaible for the 

quaUty of fiaation .inee auaele vaa preaervec! eonaiatently better 

than neural tiaaue (Fia. 39). The firat .. thocl vhich vu developed 

conaiated o~ • priaary fixative containina 2% ,lutaraldehyde vith 0.1 

M cacodylate buffer aod 4% paraforaaldehyde in 0.28 Il .aCI aad a 

poat-fixative eontainina 1 Il cacoclylate buffer and OIaiua in 0.28 Il 

.aCI. The second fixative d .. eloped conaiat" of 2.5% ,luterald .. "'" 

vith 0.4 M .aCI, at pH 7.4, in 0.2 Il cacodylate buffer fo1lowed b, 1% 

o_i. tetrozide in 2.5% aoeli. bicarbooate. Both typea of fiaation 

.. re followed by alcohol dehydration and _ectClioa io Spurr. ln 

total, 12 bateh •• of 1arvae (6 ,roupa Je 2 fiutioa _thocl'> .. r. fi.zed 

every 24 houra durina 12 coasecutt •• daya. 

Electron aicroacon .a. coafin" to the l&"al .pt.h ..... n with 

apecia1 conceDtratioo on the aoteroclor.el ec:tod.ra aDd the 

prototroc:hal reaion. Thr.. .ac:h of 6 .. d 7 d.,. olet luv. ... fb. 
, -

.ach of 8 ... 10 etay 0141 larY.. wr. proc •• aect for ,.lectrOll 

aicroacopy. 
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80n.n MT-2 or MT-21 l,lltr.ic:rotOIM and pic:ke4 up on c.rbon-co.ted, 

fot....r-c:o.èred. liDlle Ilot,. copper Irid.-. The atâini.. procedure 

condat.d of bot (60·C), li ur.Dyl ac.t.te for 2i boura foll~ by 

aiaplified le" citr.te for 15 .iDutea. Secticma vere vi.wed vith • 

Phillip. lM 410. 

Li,bt Microacop! 

At l ••• t five lan_ of e.ch of 6, 7, 8 and 10 day. _ra 

.ectioned .t 1 to 2 ua in tbicknea.. Tbea. vere dry aeetione eut vith 

Ilaa. Imive. on the ultr_ierotoae. aentioned above. Sectiona _re 

floated onto v.ter dropleta, .pre" vith xylene fuael, and then dried 

for 2 .inute. at 60·C. Tbe .lt.rnation of thick, toluidine blue 

(0.1%) .tained .ectiou vitb tbin .eetiona v •• fouDi to be a ua,eful 

aethod for orientiation of •• teri.l vi.wed in the .l.ctron .iero.cope. 

8taiDiDl for Cat.cbol .. ia •• 

A ab ipaen t of liviDl B. Ülbric.t. ••• obt.iaed froa Marine 

".e.rch As.oci.te. (St. Andre .. , ... lrun •• iek) in K.rch, 1984. AlI 

bail apa'Vlled befor. .rriv.l r •• ulti... in •• ixed popul.tioa of lan .. 

of varioue .... u.ed in the followiQl .xperu..nt •• 

Vital .tainina 'for .. inerlie c.ll.: 

lIeutral rerl la a vital dye .ccuaulated aeléctb.ly ia _ineraie 

neurou (Stuart. et al .. 1974). Lan ..... re incub.tttd for 1S aiautea 

in a 1% .olution bf neutr.l red ia .e_eter et rooa teaperature.., 

1Ihole .ouata .. r. prepared witb Il)cetine jeUy. The thr .. 

diMuionel tiuality of the loceti~, of the .tein_ ceUa in 10 ct.Y 

olel lan_ ... ratai~ br .ald •• lerie. of "optical .. ction" 

" 
., pbot..u:raara"" wbich .. ra thell c-.U_ illta .,.. Ktt-atic diaar_.\ 

/ 

1 

1 

1 
! 
1 

\ 
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Rietof1uoreleeace of Cateehol.-iael: 

The a1yoxy1 ie acid aethod of Occurr and 8erlÏDd (198:» require. 

an one bour incubat ion et roOll tmaper ature in a .01 ut ion' c011tainiaa 3% 

a1yoxy1ic acid in I.avater, 600 .tt .ucraee, and 20 • Repel buffer, 

buffered to pB 7.5 vi th HaaR. Tbe control lolution excluded the 

a1yoxylic acid only. Incubatecl larvae vere placecl on a slide, air 

dried for one hour, heated for 2 ainutel at BO·C,aad then photoaraphed 

und.r oil ~rlion vith a \' Leits fluorelcence .icro.cope (20OW 

hiah-pre •• ure "l'cury l .. p). Pollovine incubation. glyoxylic acid and 

control preparationa vere hand1ed in the ._ vay. 

Relpoo.e to Li&bt 

Re.pon... to liaht vere te.ted in a .ilicone ch.-ber built onto a 

gla •• plate 76 x 48 _. 'nie chaher. 76 _ 1ona. 10 _ vide and 6 _ 

deep ... opaque on the lidel aad at one end wbile the otber end, aade 

of cl.ar plexiala .. vitb plane paraI leI .urfacel, provided a viadow 

throuah whicb liaht froa the experi.aental 1..., entered the ch ..... r. 

Larv ..... re vieveel and pbotoaraphed fra. .Dove vith a "ikon c_l'a. 

Te.t. ...re ra on 2 al aliquote of culture fluid vith each aliquot 

containina an eltiaeted 450 to 650 larvae. Tests ... re carried out in 

a clarkroOll where the only liabt val the eaperiaental 1..., and tbe 

c.era fia.h placecl be10w the ala .. -bottoaed ch"'er. Tbe teltina 

procedure conai.ted of clark adaptation for 30 .inute. followecl by 

pbotoaraph. taken It 3, 6, 8 and 10 .inute. after the lilht lOurce va. 

turned on. In each trial. lan_ vere counted at 3 poaitioDl in the 

obeervation ch"'er; pOlition A va. a corriclor at 0.22 - 0.45 ca fra. 

the ri_,av, polition B at 2.45 - 2.68 ca aad potition C at 4.65 - 4.91 
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" ca. A nev batcb of larvae .,as used for eac:h colour of ligbt tested 

(white, red. green and blue). Those larvae u.ed in the white ligbt 

trial vere dark "apted for 30 ainutes, photographed and tben dark 

"apted again for 3 ainute. and pbotographed to check the effects of 

the c .. era flasb. 

IxperÎllental illœination .,a. provided by an Alaerican Optical 

Microscope L .. p, at 6 volts, placecl .0 that the ground glas. filter at 

the end of the 1..., bou.ing yu at the level of and 6 CID avay frœ tbe 

vindov at the end of the observation ebamber. For experiaents ulHng 

different .,avelengths of li.bt, a filter wa. placecl directly in front 

of tbe len. of the l .. p. The filtera u8ed vere ~odak Wratten nuabera 

25 (red) which blocks tran .. i .. ion of aU vi.ible wavelength8 except 
~ 

those greater than 550 qa, nœber 58 (Green) trans.itting between 470 

and 620 qa and n_ber 471 (blue) tran .. ittil18 between 360 and 510 ma. 

An aljusted Cbi-.q.t.re te.t (Adler and Poesl1er, 1968) .,as u.ed to 

Î 
a .. e •• the •• ,-etry of the dia tribut ion of la"ae at po.ition A, B 

and C. 

3a-2-D-Deoxy,lucose Autorediolraphy 

The _thod u.èd in this .tuely .,.. developed fra. that of 

Paraco-Cantin, et al., (1980). Larvae vere incubated in 1.3 pCi of 

ls-2-DG per al. of filtered sea.,ater for 24 hours at 10·C. pollowing 

incubation the larvae vere .,a.hed .,ith a fev quick ch.ll3e8 of fre8h 

sea .. ter to rellove tbe radioactive 8ea.,ater. The larvae (in the 

previoualy de.cribed fixation ch_ben) vere ~ened in Preon 23 

coo~ed to the teaperature of liquid 82' The larvae vere tben quickly 

transferred into a precooled (-70·C) freeae-.ubstitution solution of 
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5% Al03 in anhydroui acetone, re-stored at -70·C for 2 days and then 

alloved to re.ch roca teaperature slowly by firet transferring tbe 

vial to -4·C for several bours. The larv.e vere then placed into a 

50% maraglas and 50% an~rous acetone 80lut ion for two hours (tbe 

lolution vas left uncovered to allow acetone evaporation>, transferred 

to 100% maraglas audf' left overnight. A final fresh change of 100% 

maraglas tbe following .orning preceded embedding in flatblocks. 

Thick (1 - 2 lIm> sections vere eut dry, mounted on glyeerine drops in 

slides. dipped in Kodak fITB-2 nuclear emulsion and developed after 3 

to 6 weeks. 
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RESULTS 

General Development 

In the developing Harmothoe imbricata larva, structural change 

proceeds along with an. increasing capacity for behavioural response 

(Figure l and Table 1). 

Female H. imbricata in bowls in tbe laboratory released larvae (at 

a vanety of stages corresponding to day 7 of development or later. 

Larval release can be induced by removing or damaging the adult elytra 

and lt seems likely that the trauma experienced by females during 

collection and subsequent handling in the laboratory was in many cases 

sufficlent to initiate early release. Larvae retained under the 

elytra are held by a mucous-like material. Observat ions on living 

larvae at the Huntsman Marine Laboratory suggest that they develop in 

the sante fashion regardless of the time of release frem the parent. 

AlI larvae~egan to swim when the prototrochal cilia developed (larvae 

still attached by mucous strands, when freed, could swim away) and 

began to respond positively to light when the eyes appeared. Larvae 

swim in a straight line while rotating about the long axis of the 

body. 

At 6 to 7 days of development, the larvae possess an apical tuf t, 

the first obviously differentiated structure to appear. The gut cells 

form a solid mass and stain more darkly with toluidine blue than do 

surrounding ectodermal cells. Within the small blastocoel, islands of 

mesenchymal cells are present. By day 7 a prototrocha'l ring of cilia 

protrudes outward at the equatorial region and a few nerve processes 

and associated vesicle'ii appear in the blastocoel at the same level of 
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(a) Drawlng of a B1X day old larva aB seen frOOl the aide. 

Apical tuft (at), cerebral mass (cm), prototroch (pr), 

stomodaeal depre8Blon (8), endodermal gut mass (g). 

(b) Drawlng of a 10 day old larva as seen frOOl the Blde. 

Apical tu ft ( at) , cerebral ganglion (cg), eye (e), 

prototroch (pr), stomodaeum (s), gut lument (gl). 

1 



(~ 

( 1) 

\l 

E 
~ 

"" 

·1 

<. 
,~ N 

" 1 • ca 

~,,-

~I " , 
II 

,.. 

( 

.2' 
li.: 

\1 



16 

Table 1. 

Structure or BehaVlOUt' Day 6 Day 7 Day 8 Day 10 

Aplcal organ x x x x 

Prototrochal cil ia x x x 

Cerebral masses (paned) x x 

Eyes sOlDe x x 
Stomodaeum x x cnx. made 

with gut 

Processes & ves ic les x x x 

Neuropil x x 

Cerebral gfing 1 ion x 

Muscle x x 

SW1DIIDlng x x 

Pos itlve response to 1 ight x x 

Evoked and spon t aneous responses -4 on day x 

9 
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the body. At the ume time two patches of dividing cella, the 

rudiments of the cerebral ganglion, appear in the anterior ectodeI'lll, 

and the stomodaeum begins to form as a depreasion on the ventral 

surface of the body. The stomodaeum continues to invaginate and 

proliferate until it eventually meets the gut lumen by day 10. At 7 

day8~ larvae are normally still found in clusters, attached to each 

other in a spoked configuration by means of lDUCOUS strands. Such 

clusters of larvae, when free of the parent can be seen to revolve in 

a wheel-like fashion: the propelling force for this rotation orginates 

frOOl individual larvae, each spinning about its longitudinal axis from 

nght to left (c1ockwise as seen from above). 

On the 8th day of development, a rhabdomeric ocellus appeau 

within each cerebral mass; a medial cerebral neuropil developes and 

there 18 an increase in the number of prve processes in the 

prototrochal nerve. Patchell of musc le are now present in the 

blastocoel. After the appearance of the eyes, individual larvae, 

separated from the group under the parental elytra, exhibit a positive 

responae to 1 ight. An analysis of this response in 8 to 10 day old 

larvae is described in the section on Response to Light. 

By day 10, the anlage of the cerebral ganglion has becOIIIe a 

distinctly bilobed structure, consisting of 2 lateral cell ma88e5 

connected by a large neuropil. At this stage the hyposphere has begun 

to increase in length and the larva are about 250 II m 10Dg. Three 

types of neural processes containing three different populatiolUl of 

vesic lesl granules can be seen at tbis stage and are described in the 

section on the Prototrochal Herve. Synapse-lite structures consisting 
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of cluaters of slDall, lueent veaitles and sOllle membrane 

speeializations oecur between nerve proce.ses aoJ the basailar fold. 

of prototrochal cel la. 

The larvd prototroch ia a double ring of at le&lt 8 cella per 

ring all vith large nuclei vith very large, darkly ataining nucleoli. 

There are mesenchymal cells in the blastocoel under the prototroch; 

they are especially numerous ventrally. on either side of the 

st~odaeUID. Although IDUsculature is first seen on day 8, muscular 

contractions in response to slight mechanical stimulation take place 

only on the ninth day of developnent: when touched at the prototroch, 

ciliary beating vas se en to slow dovu, followed by twitch-like 

contractions in the ~id-region of the body. These responses quickened 

and became more obvious by day 10. At this time, larvae also begin to 

respond to atiaulation by a longitudinal contract.ion of the body 

alternating with t.he mid-regional circular contractions. 

Dltrastructure 

Prot.otrochal Nerve 

Both prototrochal and cerebral cells cao be fint aeen at t.he 

light microscope level betveen day 6 and 7 of developllent (Pig. 2). 

Within the next 24 hours, a ... a11 nerve ring appears on the 

blastocoel ic surface of the prototroch (Pig. 3>. This early nerve 

consista of approximately five procesaes carrying large lucent 

veaicles (65 to 120 na) and a fev scattered denee-core granules (60 to 

100 011) illustrated in Fig. 4. No signs of synaptic specialisation 

vere found at thi. stage. There ia no indication that apic*l cells 

give rise to neurite-like proce.aea. 

1 

1 

1 
1 
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FiguTe 2. Section of 7 day old larva vitb apical organ (ao), 

prototrocb (pr), dividina cerebral eell. (ca). alld tbe 

beginnina of tbe .toaodaeua (.). X 2112.5. 
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Pilure 3. An ear1y Gerv. coatailli. 5 proce ••• ~ in the ~o~otrOCh.\" 
() 

re,ion ill a 7 clay larva. Proce •• e. carry lar •• , 

electrolrluceot ft.ide. (11v). 65 to 120 ra in diae'ter. 

X 5J9S0. 

r 

pilure 4. (ID'.~~) An .ady (7 day.) nerv. proee'. eOlltainina a fev 
t 

deDie eored arallul •• (de,). 60 to 100 _ in di .. tet. Ho 

.yuptic .p.eciaU.atioDl ver. found at thi. Itac •. 1 17500~ 
1 

l, 
1 
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The apical orsan perei.ts through aU the larval .tage •• tudied 

bere (i.e., up to day 10 of deYelo~ent>. In Banaotboe iabricata, the 

si.ple, 4-celled apical organ consisu of one ciliated ceU (Al) vith 

a tuft (approxi.ately 20 p1D long tiy 10 p1D vide) of asymmetricaUy 

arranged cilia (Holborov. 197}). and three non-cHiated cells (Fig. 

5). 'hIo of the latter (A2. A3) are amaller than, but have cytoplas. 

sÎJailar in cOlllposition to that of the ciliated eeU; in the fourth 

ceU (AI.), bath nucleus aM cytopla8lll are les. dense. AH four cell~ 

contribute ta the apical surface of the larva and contain granules 

characteri.tic of the ciliated celle of both the apical organ and the 

prototroch. 'Theae granule. (C-granulea) are 1 llm long by 0.4 pm wide 

on average, almond ahaped and lie clo.e ta the ceU surface. The 

( cytoplas1D of cHiatad cella of prototroch and apical organ can each be 

roughly divided into three layera; a superficial layer containing 

ci1iary rootlet. and C-granu1es, a dense mid-Ievei population of 

aitoehondria, and a basal layer containing nUlDerou. Golgi, riboscaes 

and the DUclei. As aentioned, neurites have not been aeen ta _anate 

fra. the apical cella although the cerebral co.niasure, derived fre:. 

cella in the cerebral .a.se •• consistently develops directly beneath 

the apical organ. 

On day 8, after further cerebral cel1 proliferation and the 

.ppearance of an eye in each cerebral "a.a, the nuaber of proce •• es in 

the prototrochal nerve bu increa.ed and _aIl, electron-lucent 

yesicle. (40-60 a-) are apparent (Fig. 6 and 7). The latter are often 

found in ·clueters in which an eleetron-dell8e interstitial .. tris i~ 

ilwolved. '.rbe prototrocbal Gerve proces.e •• re uaua11y found. adjacent 
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) 
Figure 5. 4 ,cella (Al. A2_ AJ, A4) of the apical organ of the 

" , " 
Haraothoe Uabricsts larvs. Only one (Al) is ciliated 

although aIl 4 contribute to' the apical lturface. 

C-granulee (C) and aitochondris (M). 

() 
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Figure 6. Synapae-lite clusters ( .rroya) in elec t rOrt" Iucent 

prototrochal nerve processes intermingl ing with basa11ar 

folds of prototrochal cells. X 32500. 

Figure 7. (Insert) An enlargement of a synapse-lilte c luster of 

81IIa11. el~ctron-Iucent vesicles that are each 40 to 60 nm 

in di_eter and an electrort"dense interstitial matrix. 

X 95550. 

( ) 
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ta and 1 nt e nu l ng 11 ng wlth basal folds of prototrochal cells. 

Characterlstlcallv, the prototrachal basallar falds contaln snuggly 

flttlng mltochondrla and lack veslcles and granules. These folds may 

be assoclated wlth muscle as well as nerve processes (FIg. 8). Muscle 

lS very sparse at thlS stage and ItS orIentatIon 18 dIfflcult to 

]udge. ObservatIons at both electron and Ilght mIcroscope levels 

suggest that ln the 10 day larva there lS a group of muscle cells 

ensheathlng the proxImal end of the stomadaeum, near Its coalescence 

wlth the endodermal gut (FIg 9 ) Two muscle InsertIon SItes have 

been seen, one at the pOInt where the lnvaginat l fig stomodaeum meets 

t he end ode rma 1 cells 10) and a second on the clllated, 

stomodaeal eplthellum (FIg. 11), Muscle fibers are found passlng 

through the blastocoel of the eplsphere as early as 8 days and are 

accompanled by nerve processes by day 9 or 10. These proc~~es appear 

to Brlse as a branch of the prototrochal nerve (Fl.g. 12). Electron-

lucent veslcles ln the processes have been observed to forro omega 

profIl es on the neur l te pl asma membrane ad ]acent to the musc le 

membrane (FIg. 13). Contractlle fIlaments with scattered mltochondria 

make up MOSt of the muscle cell cytoplasm whlle rIbosomes and other 

organelles occur ln electron lucent areas. 

As the complexlty of the prototrochal nerve Increases (Fl.g. 14) 

presynaptl.c clusters as weIl 8S pre- and post-synaptlc membrane 

speclallzBt lon6 suggest functlonallty at a t Ime when behBvloural 

observat Ions lnd lcate the onset of larvBl response to mechanical 

stlmulatl0n (Flg. 15). There appear to be 3 populations of vesicles/ 

granules ln the 10 day lanal nervous system. One populatlon consiste 
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Figure 8. Basallar folds of prototrochal cells (pre), intermingling 

with èlectron-lucent processes (lp) of the prototrochsl 

nerve. Mitochondns (md. X 26000. 

Figure 9. A group of muscle (m) cells at the point where the 

stomodaeum (s) meets the endodermal gut (g). X 640. 
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Figure 10. A lIluSC le insertion point on the anterior face (M) of the 

gut lIlass (g) in the region where the stœaodae .. contacts 

the endoderm. X 14690 

F1gur~ Il. A second IllUscle (M) insertion point on the stOlllodaeal 

epithelita (s). Cilia (c). X 14690. 
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Figure 12. Section of a 10 day old lana. Electron-lucent proceuea 

Op) aening both prototroehal ciliated ceU. (pre> and 

st<aodaeal ... cle (a). 

(cg), stoaodaeua Cs). 

Meuropil (np), cerebral ._ .. Hon 
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Fi,ure 13. Il~tro .... Luc.llt veliele. foraina ..... profil.. (.aU 

arrow.) on prototrocbal GerY. proc ••••• (lp). Mitocboadria 

(Il) • A .,...p .... Uke c:luU.r Uar,_ Arro.) U.. "jac:.llt to 

apeciali •• tioll8 of the -Deurit.. X 4%900. 
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Pigure 14. AIl oblique Mcdon tbrouab -"Ehe larv.l aid-region reve.lina 

• gland ceU (gc) in tbe .ntedor ectodera and tbe prot~ 

trochal nerve procee.e. (1p) followi.na and interainalina 

vith b •• allar fold. of tbe prototrocbal cell. (prc). 

Mitocboodri. (M). X 11200. 
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Figure 15. Prototrocbal nérve processea containing synapse-l ike 

elusters presynaptic (arrova) to prototrocbal cella. 

X 26000. 

Figure 16. Klee tro.:rdenae proee .. ea (dp) are unique and eonfined to 

the neuropil. They contain a higb density of denae cored 

granules (arrovs). X 578-5. 
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of dense-core granules (60 to 100 nm).' These granules 
. 
are scarce in 

prototrochal nerve processes before the appearance of the eye but 

become more abundant as cerebral masses proliferate and neuropil 

formatlon begins. At 10 days dense-core granules are character-

istically found ln processes of various e1ectron densities ln the 

neuropil (Fig. 16) and are common ln the later appearing processes 

(contalnlng prototrochal cell-like cytoplasm) which interdigitate with 

muscle ln the prototrochal regl0n tFlg. 17). The granules are never 

found ln clusters, aAd are only rarely assoclated wlth veslcle 

clusters. A second populatlon consists of small (40-60 nm), electron-

lucent veslcles, first seen in 8 day larvae. They are distributed 

singly throughout axons and are also found ln clusters together with a 

dense, interstltlal matrix located, in 10 day larvae, at (Fig. 18a) or 

, 
near (Fig. 18b) membrane specializations WhlCh uniform in 

thlckness and smoothly contoured. At these synapse-llke sites, the 

cleft (20 nm wide) between the two opposing membranes character-

istlca1ly contains electron-dense material. Clusters of vesicles 

appear only on one slde of the c left. As mentioned previously, these 

small, electron-lucent veS1C les have al so been seen to form cmega 

profiles on the neural plasma membrane at the surface of the muscle 

(Fig. 13). The third population of vesicles are large (65-120 mn), 

electron-lucent and are first seen in the prototrochal nerve as early 

as 6 days (Flg. l8b). They do AOt themselves form clusters although 

they are sometimes associated with the periphery of the clusters of 

smaU, electron-lucent vesicles (Fig. 19). Isolated coated vesicles 

are occasionally found 1.n prototrochal nerve processes (Fig. 19). 
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Flgure 17. A thud type of nerve process (pp) contBlnlng cytoplasm 

ver y Il lm li art 0 pro t Ll t r clC ha 1 celle Y top 1 a sm ( pre), but 

unllk .. the latter, contalns the usual thr .... populations of 

veslcles/granules, although no synapse-Ilke structures ar ... 

seen. ThiS type 0f hber lnterdlgttates Wlth prototrochal 

basallar folds (prcl and wlth muscle (m). Gut (g). 

X 18200. 

r , 

-
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Figure 18. Synapse-like structures COnS18tlng of clusters of ve81cles 

sltuated at (18a) ur near (l8b) membrane specializatiuos 

wtllch are unlfonn lO thlckness and 8II1oothly contoured . 

X 71500. • 
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Figure 19. Large. eleetron-Iucent vesie les (small arrow) are 

80111et imes associated with the periphery of synapse-l ike 

clusters and coated vesic les are occasionally seen in 

nerve processes. X 42900. 
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At 10 days of development. musc le il associated vith a third type 

of proeeu vhich i. u1tr .. tructura11y distinct from earUer 

prototroehal nerve processes. resembl ing rather. in cytop1asmic 

structure. the basal folds of the prototroehal ce11s. These proeeues 

contain veaic 1es/ granules similar to those found in other neurites. 

Ro sign of aynaptie speeializations have been observed in the 

1ater-appearing proeesses. A eoated ves ie le in sueh a process is 

shawn adj acent ta the muscle fibre membrane (Fig. 17). 

Cerebral Ganglion and Elespots 

In the 7 day larva the posterior border of the paired cerebral 

m88ses lies about 10 1-1 m anterior to the prototroeh. At the anterior 

and postedor border of eaeh maS8 ia a slander gland cell, aach 

spanning the thiekneu of the anterior ectodera. Figure 20 

dellOnatratel the posterior gland eeU and, approxiaate1y 15 li. abave 

it. the eyespot in the 8 day larva. The tvo eyes are bilateraUy 

sytaetrical in position and are characteristically rhabdc:.eric. 

lacking ciliary structurel of any kind. Kach eye conaists .of t1l0 

celh. One cell forraiog the pipent cup into vhich are inaerted the 

.icrovi1lar endings of the second cell. the receptor cell. AlI other 

receptor cell coeponents 1 ie outs ide the eyecup. Holborov and 

Laverack (972), u.ina both scanning and tran •• i .. ion electron 

.icroscopy described a group of eye cilia originatina froa a celf 

superficial to the eye. Hovever, in traD.verae sections eiailar to 

tho .. uaed by thelM! authon, no .uch ciliated cell va aeen. A 2-3 11-

layer of -..brane bound electron-denae pigaent granules line. the 4 11-

deep eyecup (Fig. 21). The pi_nt cell Dueleua liea b.ediately 
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ligure 20. A cerebral aland cell (IC) in the anterior ectodel'll at the 

po.terior .arain of tbe cer.brai aanalioa (CI). Pigaent 

graoule. (PI) of the eyecup can be seen _ove the pigaent 

ce 11 nuc leu. (po). The larae t l iaht .teinias nuc leu. (rn) 

neareat to the bla.tocoel belo .... to the receptor celle 

X 5185. 
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Figure 21. Ilec:troa-d .... e aranule. (pC). lIbieh. bave diaaolved in thia 

eaae, iD tbe pipent eeU f01'll a eup that c:ontaina tbe 

folded _branea (fa) of tbe reeeptor celle Tbe pipent 

eeU nuel.ua (pD) lie. i.-ediately beneath the eyeeup. 

Mellbtaae-bouod .paeea ( .. > • aitoebondria ht> t larval 

aurfac:e (*). X 14690. 
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beneath tbe eyecup and i. clo.ely bounded by the cell .. brane .uch 

tbat the lJurroundina layer of cytopla .. i. at most 0.3 ua thiclt. The 

nucleus aea.urea 6.5 lJ.. at ita broadest and tapera gradually ta J UII 

aver a lenath of 4 u m. It is noticeably taore darkly stainina than the 

receptor cell nucleus (Fig. 22). 'nie eyecup faces out"ards and is 

directed lateralIy and slightly antedorly. The receptor cell span. 

the full thickneas (25 u.> of the ectodel"lll. The outer end of the cell 

which projects into the hollov of the eyecup contain two layers of 

folded .. brane as vell a8 œüochondria, riboBoaes and large, 

irregularly-shaped taembrane ho und .pace. (Fig. 21). I ... ed iately 

outside the pipent ce Il, .?nly the receptor cell body nat tens. curves 

aedially, and gives riae to a neurite whicb folloving a bundle of

neuritea arising frllla' 1) tber cerebral cella. This bundle appears to 

travel posteriorly throuah tbe blastocoel tovarda the prototroch 

(Fig. 22). 

Figure 23a, b and c represent. seriaI sec t iona throuah the layer 

of evasinatin& .icrovilli abuttin& .. ainst the aide of the eyecup 

which ie clo.est to the larval .urface (Fig. 21>. The .icrovilli 

ruaber at lea.t 325, contain an electroo-denae core and .. a.ure about 

0.1 u. in di_eter (Fig. 23a>. In longitudinal .ectiona (Fi •• 24). 

tbe layer of .icrovilli IIppeara ta he at leaet 1.0 u. tbiclt. 

The second. inner layer of ... brane folding. reault5 frllla 

invasination. into tbe cell body of the ... e _brane, occurrina in 

betveen and paraUel to the 10na axe. of the .icrovilli. The tvo 

diatinct layere of ~rane foldinas are therefore foraed by 

alternat ioa " .. inatioa. aad invqioatiooa of tbe a_ receptor cell 
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Figure 22. The receptor cell 8pannill3 the anterior ectoderme 

Receptur cell .. icrovelli (fa), receptor cell nucleus (ro) 

at a pos i t ion be lov the plgment ce 11 nuc leus (pn). At the 

base of the receptor ce Il a neurlte travels 

. 
pOlteroventrally to jain a bundle of neurites arisill3 fram 

other cerebral gangl ion ce 11s. X 5785. 
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Flgurt' 2). Se rial crù88 sectlùns the fi f 8 t lave f 

evaglnatlng IDlcf\JVllll. (al furth .. ,,{ fr\JIII 100er 8urfact> ,)f 

<'vecup. (c) c!ùso>st tcl Inn ... r ~urfact> Llf "y .. cup. (2 3a) 

X 24 qOO ('23 b • c) X 8400 
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Flgure 24. 
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The lnner IDeIIIlbrane layer conslsts \lf lnVaglnatlons", the 

receptor lDembrane that evaglnates tlJ flJna the outer 

1D1crovllluB layer. The tvo layers are uBually ln a 8lngle 

plane. The lnvaglnatlons are between 12 and 14 mil ln 

dl_eter and ~tend apprlJxlmately 1. ') ~ ID lnto the receptur 

cell ",hile the 1.0 ID thlCk layer uf t'vaglnatlo.>ns ClJnS1S[S 

uf lD_brant> flJldlngs whlch are 0.1 .. 111 ln dl_eter 

X 539')0. 
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ln dlGleter, are approXl_ate! y 1.5 lJ. long and are asaoc lated vith an 

electron-dense lDatenal vhlCh obacures their endlnga (Flg. 25) ln the 

body of the cell. ln aIL but one case, the tvo layera of folded 

lDe.brane vere found to Ile ln the aGIe plane (the Indlvldual foldinga 

belng paraI leI to each other). Hovever, ln one Inatance (Flg. 26), 

the Invag l nated layer appears to be perpend lC ular to the evag Inated 

layer and to be curved 10 a dlsorderly fashlon. 

Holborow and Laverack (1972) have d lagr8Jlllllat lcally represented 

the larval eye of H. unbrlcata 10 a scheme wtllch closely resembles 

that observed ln the present study. There are, however dlfferences 

betweeo the two studles. A schemat le drawlng 10 the Holborow and 

Laverack (1972) account Indlcates no dlfferenee ln the Slze of the 

membraneous pro] ect lons of the two layer s. ln the present study a 

c lear dl f ference has been seen; the loner lovaglnat lons being mu ch 

thlnner and longer than the evaglnated mlcrovllll (Flg. 27). Also, 

the loner IDvaglnatlons are assoclated vlth an electron-dense matrlx, 

mentloned prevlously. ln add lt lon, the membrane-bound spaces ln the 

vlclnlty of the invaglnatlons found ln thlS study are not deserlbed by 

Holborow and Laverack, and resemble the lrregular membrane folds 

attrlbuted to osmlum flxatlon artlfacts ln Planarian photoreceptors 

(Rohllch, 1966). lt lS thought that the se artlfacts derived from the 

breakdown and reorganlzat lon of the membranes of preexist ing 

mHrovilll, Eakl.n (1965) conflrmed these results while studylng the 

frog retlna. Glutar~tldehyde waa found to have simllar effects on the 
" 

ciliary eplthellum of rabbita (Tormey, 1963). 
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Figure 25. The invaginations are a •• ociated vith an electron-den.e 

mat ri. at their end. in the eyecup reg ion of the receptor 

cell. X 71500. 
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Pigure 26. In ODe C.M. tbe .... iD.ted (.> aDd ioveaiD.ted H.> 
l.yera of _.bra ... ppe.r to be perpeadicul.r ta eacb 

otber. nae iaaer, iI .... ia.tioa. are al.a arr ... ed in an 

uau.u.lly, curved .ad di.ardered f •• bion. '~nt granule 

• 
(PI). X 32500. 
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\. 
Piaure 27. Draviaa of larval oceHua. PiaaeDt araaulee (PI) for. a 

eup to ahield eveaioated (ee) and ia. .. inated (ia) layera 

uf rec:eptor ceU -a,raoe. Mellbraae-bouad apacea (lib) and 

aitochondria (H) aaIte up .aat of the r.ainilll eyecup 

rqioD of the receptur ce11. ~i.tely belav the 

pi",Dt cup ia the pi"'Dt ~.ll Dueleua (pD), the reeeptur 

ceU aucleu. (rD) liea belav the pipaent ee11. A neurite 

(*) leav.a the b ... of the receptor cell. 
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Po 11ov1.~ tn~ appear anc e of an eyes pot LO tbe eeot.e r of eac n of 

the two cerebral .. ssea. a neuropll (the rud uaent ot the cereoral 

Ca.IlLSaure) beglna to fOnD beneath the aplCal organ. 5y day lU ot 

develo.-ent. tne pa1.red cerebral lIlaS8eS together wLth the conoect Lng 

neuropll bave merged ta fOnD a bLlobed cerebral g80611.00 occupy Log 

1II08t of tbe dorsal-anterlor ectodena of the larval ep1.sphere (Flg. 

Along wLtn tne usuaL eLectron-lucent proceeees, a secono, very 

eonepLeuous type of eleetron-a~oee proee8S can now be se~n ln the 

neuropll. Ve81e les/ granules are foum.! Ln both types ot processes wltn 

elec tron-luceot ves lC les predOllllnat log ln tne e lec tron-Lucent 

procetises and eLec tron-dense cored graou!es ln the e!ec tron-dense 

procees (Flg. lb). No slgna ot synaptle speclallzatlon vere se en Ln 

tht:: neur"pll at ally stage o08ervea Ln thl8 study. 

Autorad Lograph1.c study of Larvee expo8ed to Jtt-,,-u-ueoxyglucose 

uxiLcates an accumulatLon of the tracer ln the apLca! regloo only 

(PLg. llJa.b). fbe labellLng w&a 1.n general 11.gnt wLt.b a patch of 

801Dewhat greater den8Hy 1.n tile V1C l.Olly of one ot the eyespots. ln 

general the resulta of th1.8 techol.que vere 1.ocooclU81.ve and oot 

helpful 1.0 understand1.Dg the .arphology of the LarvaL nervous aystem. 

~vldence for CatecRolaa1.oes 

Neutral Jll.eâ 

Neutral red 1.8 a v1.tal dye VR1.ch accUillulates selectlvely 1.n 

_1.Uerglc cella tStuart, et al .• 1'J74J. 10 treated larvae the 

cerebral masses. a double rl.og .. aoc1.&ted wLth the prototroch. a 

netvor~ of processe8 1.0 tne epl.spoere and a fev large ce Ils or groupa 

of cella 1.0 the poeterl.or part of the body are sta1.ned very clearly 
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Figure 28. A 10 day old larva Ln wh lch the endodermal gut (g) 

contalns a IlJlllen (gI) contlnuous vith that of the 

8tOllodae~ (81). Musc le (.) 18 seen ln the regl"o where 

the tvu cavltles lDeet. A bllobed cerebral gangllon (cg) 

lS connected by a oeuropll (op) beneath the apical <lrgan 

{aD} • Neurltes t ravel frllIII the cerebtal gangllon to the 

pr<ltotrochal clllated cells (pre). Varlous gland cells 

(gc) are apparent ln the larval ectodena. X 1787.5. 
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( Fig. 30B,b,c). In the st"' prepBratlüns th.,re was nü satlsfBctüry 

t'vldenet' für 11 cünn~etlc>n b",tlo/een the twu prùtùtrüehBI ring n ... rves 

" (ùn .. antt>rlvr and ù-n .. pùstèrlvr tv th .. prùtütrüch) ür fc>r any cùntact 

bet"' ...... n th ..... v .. and n ... rves vf eplspherl". The prutùtruehBl rIngs wero> 

Irregu1ar ln shape, su~~es( lng nervo:>s uf vBrlablt' dlameter 

... 
Treatment wlth glyuxyllC lie Id prlXlueed 11 prülünged blu ... -green 

fluürescenct' ln /1 pattern W'hlCh ccJrresponded weil "'Ith that resultlng 

f r \JIll s t al n 1 ng Wl t h neutral red ( Fig. 31 a, b) . This pattern vf 

fluùr ... scence ",as c~pletely absent ln eontr<lj'l 1 a rv al" ( Fig. 31 c> . 

Autù fI uuresc enet', brIlltant ln the prutotrochal Cl Il a and les s 

strlklng ln th", gut, was seen ln ail larvae. 

The neut raI red and glyoxyllc ac Id resul t s Ind le ate a 

cBtecholamlnerglc cù1Ilponent tu the nervous system whleh cùrresponds, 

at lea8t ln 
t 

part, "'!th the dlstribut Lon of neur Ites eontalnlng 

electron-dense cured granules as seen ln the ultra8tructural study. 

Figure 32 18 a schemat le dlagram based ün the abuve t",o techniques and 

on ultrastructural studles, trac 1 ng the dIstrIbutIon 

cBtecholamlnerglc cells found ln larvae of Hannothoe Imbrlcata. 

ResponBe to L 19ht -- A PrellIDlnary Study 

When t'xpost'd to a source of white light larval (8-10 days vld) 

bt'gan to SWlm ln their eharacteristic undulatlng fashion in a straight 

Ilne towards the window of the chamber. After cuntaetlng the window, 

they muved back and for th ln the lIl111ed 1 a te vic Inity of the window. 

habltulte They did not dur lng the courBe (Jf 10 minute expe riments. 

U81ng the Ch~:-8quare test for goodnes8 of fit to 8. unifllrm 
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F'lgur~ 30. 9-10 day larvae stalned vith neutral red. (30a) St81ned 

[leural processes are seen ln the 1 arval eplsph/ere at the 

upper and l"ver edges ùf the pr"totruch. Al t hough the 

upper nt'rve passes by the eyespùt8. no dlrect connectlon 

bt'tween the tvo structures lS seen. (30b) The <>ut er rlm 

of each of the 2 lobes ùf the cerebral gangllon lS stalned 

very clearly. Part uf the posterlU[ pr"totruchal nerve 

r l ng l S st a 1 ned . (30d Oark st81nlng cells or groups of 

cells are found ln the posterlOr rolglun of the body. 
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, 

Flgure 31. (a) Blue-green 
'< .,_.~ 

fluorescence in 9-10 day larv.e in are •• 

that currespond tu c.techol .. inergic cella putatively 

identlfied vith neutral red .taining and ultra.tructural 

S t ud y • X 640. 

.' (b) Conflnllng ~the neutral red 8tunilll cerebral area., 
1 

anteriur and po.terior prutotruchal nerve rings and 

brlghtly fluorescing bodies ln the lover end uf the gut. 

Eye8pot (e), prototroch (pd and gut (g). X 560. 

(c) Control larvae did not fluore8cence blue-green regiona 

but d ld autofluoresce in the prototrochal cil ia and the 

gut. This autofluorescence was also seen in experilIIental 

'" lacvae. X 560. 
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Figure 32. Distribution of catechol.inergic neurons in the 9-10 day 

larva; a s~ary of findinga frOll ul trastructu..-e. neut..-al 

red and glyoxylic acid studies. Eyes (e). cerebral 

gangl ion (*). anterior (aprn) and posterior (pprn) 

prototrochal nerve ..-ings and cella or groups of cella in 

the post-trochal tegion. 

(ao) . 

• 

StOllodaeUIII (.), apical tuft 
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distribution (Adler and Roeealer, 1968) the la.rvae at position A, B 

and C in the ch_ber in white light vere fouod to be asyaaetrically 

distributed (p < 0.001). This aayaaetry vas 8Iso evident in 

experi.enta using red, green and blue filtera but vas only marginally 

signifieant (p < 0.2) during the first trial in red light. Larvae 

dark-adapted for 30 minutes, vere uniformly distributed, a condition 

which vas Qot disturbed by the flash of the camera. 

33a,b,e,d,e and Table II su~ari&e these reaulta. 

1 

\) 

• 

Figure 
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Flgure 33. Llght responses of 9-10 day larvae at levels A,B and C. 

(a) Histogr_ of white lighti (b) red lighti (c) green 

Light; (d) blue light; (e) 30 minute dark adaptation and 

flash e ffect. 

) 
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Table Il. 

1>.. 

T Ime 
( mln) Llght Source 

. Dark 
Wh i te Red Green 81 ue Adapted 

a -- --- p 0.200 --- --
~ P 0.001 P 0.020 P 0.001 P 0.001 --
6 P 0.001 p 0.001 P 0.001 P 0.001 ---

8 P 0.001 p 0.001 P 0.001 P 0.001 ---

la p 0.001 p 0.001 P 0.001 P 0.001 --
JO -- -- -- -- p 0.10 
33 --- -- -- -- p 0.10 

/ 

/ 
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U1SCUSS1Un 

ln all specles 0.1 polychaetes the pattern ut cleavage up to the 

04 cell stage lS the same. Each cell UCLuples the saIlle spot ln 

relatlon to other cells. Subsequently, groups of cells begln to 

sej/,regate and glve rlse to a blastula wall made up of cle~rly deilned 

o 
presumptlve areas (Anderson, 1'1(0). rhese areas may d li ter from 

speclès to specles wltn respect ta the nUIllber and ldentlly ot the 

cells WhlCh segrej/,ate lnto them. ln general, however, the anterlor 

dauj/,llter cells ot the tlrst qua,tette llalld l ) dlvlde to form a'cap of 

cells WhlCh wlll the area dnterlor to the pre!>umpt ive 

pro tut r oc h . The most anterlur of tlle&e cells form an aplcal rosette 

WhiCh gives rlse to the apical tuft. The tuft can vary "ln extent, 

number and ur161n 01: cells and Uidy ln sorne specles De absent. 

Harmoth'oe I.mbrlcata has 4 cella maklng up Ils aplcal organ. As 

Lacalll 119l:Sla) has dlscussed, the iunction ot the apical tuit and Ils 

surroumllng plexus ln larvae ot other specles lS not well under8toOd. 

Only one cell ln H. 1mbrlcata lS clllated and lts wany mitochondrla 

Sugj/,e8t a hlgh Level ot actlvlty. Although the ne~roptl conslsteqtLy 

develop6 beneatn tne cells ot the aplcal orgdn, there l6 no eVldence 

suggestlng a neural connectlon between the two. 

There lS a strlklng slmllarlty ln the cytoplasm of the aplcal 

cells 0 t Harmotnoe 1mbrlcata and Phy llodoce maculata (Lacal11, l ~!Ha). 

Aplcal cells ln both apecles have an extenslve {;0151 apparalus. and a 

patchy appearance due probably to large ves1cles ruptur1ng dunng 

• 
f 1xat1.0n. Perhaps tn1.S Sl.ml.lar1ty 1.8 suggest1ve of a common 11.neage 

for apl.cal c1.ll.ated cella in these two famll1.es of polychaetes- .. 



" 

(po lyno1.ds and pny 1l0<10C 1.ds). Hovever t unpubl1.shed result8 Otaraden) 

V1. th aerpul1.d larvae suggeat t.bat the ap1.cal cel!' cytoplasm 1.n t.hl.s 

falluly does oot reselllble tnat 1n polyno1.ds and phyllodocrlds. 

Generally, the apl...cal rosette cells (lalll -1dlll ), and penpheral 

'" 

the cerebral ganglLon and surface ep1.thelLUIIl; collectlvely known as 

the anterLor ecto<1erlll of the trochophore. ln all spec Les, the 

presUIBpt love prototroch I.S a resull of prol1.ferat 1.0n of posler l.or 

dau~hter cells of lhe fHst quartette UallLld2ll, la11.Lldlll, 
/ 

la22Lld221 and la222-ldL2 :l) and varlOus surroundulg blastomeres 

tAnderson, 19]j). ln H. 1mbrlcata these presumptlve cells develop ..!!! 

S1t.U ioto lb large cdiated cells arranged as 8 cells ·<ln each of 2 

rows. The ventdd 1y located daughler cells .. of the secona and third 

quartettes glve rise to t.he st.oaaodaeum. By 1nvaglnat lon t-hese cells 

81nk ln tne m1dventral l.lne be.tow the presÙmpt.1.ve m1.dgut and surround 

the anterLor face of the gut mass. The stomodaeal rudlment. becomes a 

distLDCt tube. enclosLng ft lumen that ma1.nta1DS the lDOutn ilS a 

superhcial aperture. ContLnual prollferat1.on, of the stomO(laeal 

rudUllenl trom Gay 7 to day lu ln H. imorlcala larvae, ena 8 vllh the 

appearance of a connect10n bet.ween the stomodaeal lumen and lhat of 

the endoaermal gut maS8. At. UllS t.1.&e, however, t.oe proctodaeal 

openUlg 18 not yet. apparent. To cOUlpensate for the invard movement of 

cells ln t.oe ventral reg1.on, the post.erlor ectoderm stret.ches both 

p08tenorly and laterally. 

It has Oeen suggest.ed 10 other studles on t.he behav10ur and 

morphology of polychaete larvae that functional nervous connections 

,. 

! 
i 
l 
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appear only at the tLme when the larvae have achLeved competency for 

metamorphoSLS. ln larvae of the polychaetes, Arenicola crLstata, 

NereLs VLrens and CapLtella caplotata, such neural connectLons are 

lLlDlted to those structures wh1.ch persLst Ln the adult, such as 

segmental musculature Utarsden and Lacalll, l~Hd~ Hell, 19bOj Lacalll. 

19111a) and the p41red eyes (.Bhup and Harsden, 19t5Z). 

There L8, however, al sa eV:Ldence for neural connectlons wlth 

larval structures Ln SOlDe serpul Ld and phyllodoc ld larvae (La.calll, 

19lHa and folaraden. 1~d2). Lacalll descrLbes a system of neurnes 

ans Lng from aplcal cells Ln.§.. polycerua and Phyllodoce mlDut,a which 

connec t wltn the eyespot and pOSSlbly the prototroch. Neurite-lllte 

extenslons frOID prototroch-neurotroch cells have been seen in early 

larvae of Galeolan.a caespitosa (Harsden. 19H2). 

In the larvae of H. l.mbncata morphologlcal features which are 

stnctly larval ln nature are tne aplcal organ, the 2-celled eyespots 

and t.he prototroch. Ultrastructural study of tbe apLcal region has 

revealed no connectLon between the apLcal organ and the neurLtes 

servLng the eyespots and prototroch. as 18 probably t.he case ln 

t rochophores of~. polycerus and P. mlnuta (Lacalll, 19t5l a) . Rather, 

the prQto.trochal nerve ring appeara to be contlnuous wit.h two 

dorsolat.eral connectLves winch ext.end vent.rolacerally from the pal.red 

cerebral masses. Within each cerebral mass is a rhabdOllleric eyespot 

and an axon extendLDg towards the prototroch. The prototrochal nerve 

appears for tbe first time between day band 7 of development. It 

consist.s of about f1.ve nerve prote.se., in the blastocoellc region of 

the prototrocb, carryiog large lucent vesic:les and a few acatt.ered 

J 
i' 

1 
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dense cote granules. No s1gns of synaptic apeclal1zationa vere 

ObVlOUS at th1S stage. The cOIIlplexity of thu nerve increases Along 

Wl.th the proliferall.on of thé cerebral masses to form tne cerebral 

Although cOIIlponents auch as synapse-ll.ke specl.allzat.iona 

between nerve fl.bers and cells of t.he prototroch and muscle cells, 

"ere not seen untll day 1O,f-some effectlve connectloos lIlay well have 

been present ear ll.er Sl.nce responses ta Ilght and to gent le ~cllan1cal 
\ 

stl.mulatl.on to the larval mld-region are evident by day 9. 

Musc le hbers are found 1n the blastocoel of the epiaphere and 

also, accoillpanied by nerve processes, at a, muscle inaert10n aite in 

the stomodaeal eplthell.UID. The nerve involvea appears to be a braneh 

of the protolrochal nerve. Lucent vesLe les ln these procesaea have 

been observed to form synapse-ll.ke clustera. presynapuc to 

prololrochal cella, as well a8 omega proftlea on plaama lIleabrane 
,. 

adjacent. to muscle membrane. Tne possiblllty that tbe same group of 

nerve fibers serves boUl prototrochal and Dluscle cells could explain 

the Ol)servatlon that clilary beatlng beCOULes alover uaediately tM!fore 

the onset of induced muacular contractiona. c.:ontr ac t ion of the 

Dluscles around the st01llodaewa vould preawaab ly change the shape of, tbe 

stomodae\Bll and lDigllt., alao effect the shght aid-regional contractio.na 

seen on. day 9. Stollladaeai IIlUscle i. unhkely, bavever, to .:eount for 

changea ln overall body ahape. M aentioned previoualy, the 

ultrastructure stucty reporteC1 bere va. reatricted to tbe epi.pbe'!'e. 

Conaequently a.tacle cella in the hypoaphere 
1 

identih.ed at t.be li"ght aic roacape lavel. ln 

vere ooly putatively 

\ 
IU-day larvae exteoded 

.. aencb~l cella .n,th ouclei loeat.ed near t.he poaterior ead of tbe 

i 

1 
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body~ were seen LO pas. anLer10rly Along Uae body wall. Site. of 

insertion could not Ilowever be deteraiued and requife f\Jrtber Itudy at 

the elec tron 1D1C roacope level. Cont.ractl.on of .ucll Ial.c~ could 

effect tbe antero-polterior snortening respon.e to touch seen on day 

10. 

The clulterB of s.all lucent ve.icle. look very much like 

tradltl.anaJ. Iynaptl.c clu.ters. Theae are usually 8een adjacent to 

meabrane special1&a~ionl; the occa.ional cluster found at SClae 

distance from such tellunals. 'probab ly repreaents lhe periplleral 

portion of a larger clulter at a releaae .ite, sinee the area of 

contact bet.ween a elu.ter and aite of relea.e il uaually ... aller than 

the area of cro.s section of tbe elu.ter (Gray. 1966; Kay and Goldina. , 

19b;La,b). None of tllese clustered veal.cl.a were obaerved to exocyto.e 

.. they nave b-een seen to do in adulL vonu oi the s.. .peciea (Kay 

aad Golding, l\Hi2a,b). On t.he otner band. iad1vidual vea1.cles vere 

ob.erved ta fora a.ega profilea on Lhe pla... .eabranl! of nerve 

p~ocea.e. adjACent ta aI.ele inaerted on t.he ata.odaeua. Tbe eoaLed 

veaiele. ace.aaionally aeen in prototrocbal nerve proce •• es preauaably 

represeot eodocytoa1 •• The coincident eppearanee at day lU of bot.h 

eDdo and exocytotic profiles a\1&&e.t. functional .ynaptic activity in 

.!!.. iabricata larvae by the lUth day of developaent. Tbe clu.tera of 

_11, lucent veaicle. and tbe cleft (20 ua) betveen 2 -..bran • 

• ~ciali&ation. are &lvay ... aociated vitb a den.e .. tru wbieb baa 

\ also beeu •• en in .ynap .... h.ke .truct.ure. in _ult vonta (Kay aOIl 

( Of the tw r ... illi .. populatioaa c. of ••• icl .. /aranu1.a. neitber 
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appea'l ta be directly involved 1n the le Dense-corded granules 

(&5-100 nm) similar ta those faund CGncentrated in the neuropil and 

scattered 1n pratotrachal nerve fibers of the larvae of li. imbricata 

are known to be associated with the neurosecretory cOIIlplex of adult 

worms (Kay and Golding, 19~2c). Freqo~nt denae-cored granule 

exocyt081.8 has been found in the adult neuropil but has not been se en .. 
in tne larvae of H. imbricata. However t the 8imilarity af morpho''tog y 

of these granules in both stages, of the life cycle raises the 

pos.ib111ty thlit they may serve a hOI'lllonal function in larvae as well 

as adults. 

,1hree 

tisaJ of 

types of proceeses have been identified in the nervou. 

o to 10 day H. iabricata larvae. The elec tron-lucent 

prototraehal nerve pr0.iesae& coatain all three types of veaic les/ 

granules, innervate prototrochal and auscle cells, follow the saae 

developatental Uae fr ... as tne cerebral cella and thus could po8lib ly 

arise fr_ tbe cerebral ceUs. tbe fact that neurites have been •• en 

leaviD& tbe eye and other cerebral ceUa to travel .. a bllDClle 

poateriorly tovards the prototroch ,aad the observation tbat aU other 

cells under the prototroch are aaedial to the ba.al l_ioa. tOlether 

support tbe notion of a cerebral origin for tbe prototracbal nerv •• 

The "eond 

neuropil. 

type of nerve proc •• s i. unique aod 
j' 

coafined ta the 

/' 
Tb ••• e.lectroo-den.e proc •• a.s have a cruaract.eri.tically 

~ 

biab cODtent of denae corecl aranule •• They are preaent alo ... vit.b 

elec:tro .... lué.at proceues in the cerebral neuropil at ita eadi.at 

.t ... of 4ev.lopaent aDd perai.u tbrouabout a11 the at .... of la" .. 

u." iD CbUt atudy. 'roc..... of tbi. aol't b&W DOt INa ..... ia ÛI4 
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prototrochal nerve. Finally, a third morphologically distinct. type of 

nerve fib~r appears on day 10 of developÛlent. It resemb les J in 

cyt.oplasmic morpho logy , prototrochal cells but, in contrast to non-

neural prototrochal basaUar folds, this third type of fiber contains 

the 3 vencle/granule types characteristic of the lucent processes, 

although synapse-like speci8,!lizations were not seen. These proceases 

interœingle with prototrochal nerve fibers, prototrochal basallar 

folds and GlUscle. lt is not clear whether this third fiber type 

represents a selective maturation of certain prototrochal nerve 

p:r;ocessel or an invasion of the prototrochal nerve by a new kind of 

ceU. 

Neutral red, which i. selectively t.aken up by 8Dl1nergic cells 

(Stuart, et al., 1974), clearly sta1ned the cerebral masses, a double 

prototrochal ring, a network of proceues in tne episphere and a fev 

large celh in the posterior part af the body. The 1 tained ring 
r., 

anterior to the pratotrocb did not appear ta have a connection ta tbe 

pO.ter10r atained ring. Although ataining appeared around the ey •• , 

no evielence for direct contact between tbe eye and nerve in tbe 

episphere va. apparent. Glyodic &cid experiaent. yieldeel re.ulte 

vbich appear the ._ .y.t_. presuaably a 

c:atecbol_iuergic coaponent of tbe oenou •• yst_ vhicb corr •• pond., 

at le .. t in part, vitb the di.tributiOll of d.n .... corecl &raDul ... 

cODt.ainilll oeurÜe. • •• n in tbe ult.ranruct.ural .t.udy. Altbouah tbe 

a1yo&ylic aç.U .. tbod provicl .. a .iaple tee .... iq ... for ta. locali.atioD 

of cal.ecbol_ina. aad tMu ptacuraors. il. doe. oot provid. for ~I 
1 

1 

.pecl.ral diffanotiatiOll of .eeo...., c.teclaolm .... <... epï.D.pbria,t) 

1. 
1 
1 

/ 
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frOlll primary catecholamines (eg. dopamine) • Histochemical 

fluorescence microscopy has other limitations alao; fluorescence 

intensity of catecholamine fluorophores is not proportional to amine 

concentration over a very vide raRge and thus is not quantitatively 

uaeful (Occur and Berlund, 1983). However these disadvantages should 

not overshadov the fact that this type of technique has lIlade possible, 

extensive mapping of lIlonoaminergic pathways in ,vertebrates as well &S 

in l.nvertebrates. These above two techniques also served to reveal 

catecholaDunergic areas of the hyposphere of the larva, a region not 

exploced ultrastructurally in thia study. 

Tbe cerebral ~angllon begins to form. from tvo cerebral ~saea 

., 
appearing dorsolaterally betveen day 0 and. 7 of developlDent. The two 

masse8 precede by one Gay the appearance of a pair of bilaterally, 

ayaaetrical eye. located at tbe aurface df the central area of tbe 

cerebral liasses. (t Cepnalic photoreceptors of either the i'OVare. 

pipent cup type or tbe inverse epide,.al type are cilaractechtic of 
'" 

polyc:baete varaa. The invene pigaent cup type of the polycbaete 

adult and larval ocellu. is claÏlled by Salvini-Plawen aDd Nayr (977) 

t.o be devoid of ciliary structure.. !!. iabric.ta larval .ye.pot. 

confora to tbi. aenerelity. Pollovioa the .ppearance of t.he .ye.pot., 

a oeu~opil (tbe rudiaeot of the cerebral ca.i ... ure) beain. to fora 

benaatb tbe .pical or.ao.. A bilobed urebral ,analion occupie. IIOlt 

of tM doual-.. uer10r ectoclera of tbe 10 clay larva. "utral rld 

ataioiua confirw tbe po.ition of the cvo lobea of tU cerebral 

.... lioa a. alao tbe latter 1 
• connectioll ,vit.b tbe prototrocbal aer ... 

_ ü.crilNld, _utral red doe. DOt r ... al a direct couection 

f 

! 

1 

f 
1 

• l' 
! 
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between the larval eyespot.s ana the prototrochal n_rve. 
l, 

Bowever, 

struct.ural'ly, a neurite is seen to arise frOID the recept.or cell aM t'O 

travel with other' cerebral cell neuriles" towards the prototrochal 

region. In addition, a positive light response indicates some 

photore'ceptlve control of swimming. Once an impulse i8 generated, it 
~ 

seems· probable that it could be carried via the receptor cell axon to 

the prototrochal nerve where it could then modify the activity of 

prototrochal eiHa. Orientiation by.!!. imbricata eould be a mat.ter of 

balancing the stimulation received by the 2 eyespot8, unlike the 

situation in 8ing~e-eyed giganleus of S. -, trochophores and S. 

vermicul aris. 

The posit.ive light. response of!!. imbricata larvae is per,istent, 

Hke t.hat of Spirobranchua gi~anteua 't.rochophorea (Maraden, in 

preparat.ion) and unlike that of Serpula vermicularia larvae which 

habÎluate within a few minutes (Young and Chia, 1982). The spectral 

senaitivity (vitbin tbe raI1&e of visible Light) of a11 tbree speciea 

ia .imilar t al tbough d. imbricata appears lO be DIOre reaponsive lo 

ligbt of waveleogtbs longer than 580 DIa. HOlfever, thia apparent 

difference needs to ~ aubstantiated by further study. Ident i t iee of 

the neurotran_itter und by photoreceplore are not known in Any 

iovert.brate retina altbough in the cephalopods acetylcholine and 

dop_iae are t-wo possible candidate. (L.... et al.. 1~82). The 

observat10n tbat neutral rad and alyoxyli«: Kid do DOt atain the 

rec.eptor cell neurit.e suas •• ts the pos.ibility t.h.t a non-

catecbol_ineraic: tranaaitter, •• y 'be re.ponaible for tbe pboto •• naory 

1 

-1 
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, The larval polychaete eyeapot has been desc:ribèd for Neanthes 

auc:inae (Eakin and Westfall. 19&4) and S. giganteua (Manden. in 

preparatl,on) as well as H. 
\ 

"-imbric:ata (Holborow and Laverack. 1971). 

Both of the first 2 accounts indicate a structure similar ta, but 

smaller than the eyespots of.!!. imbricata Iarvae. Nothing is known 

about the comparative roles of the evaginated and. invaginated 

membranes of t.he sensory cell or abOut the 8~gnificance of variations 

in aize, or' number of microvilli and very Httle about. the raIe of 

these interesting structures in the behavioural repertoire of the 

larv •• 

The 'trochophore larva of t1armothoe iUlbricata appears to utilize a 

simple nervous system which includes early stages of the developing 

adult nervous system. If natural release from parental protection 
? ~ 

takes place at about 14 days it must happen after the estab1ish1aent of ... 
connections between the cerebral ganglion, including tbe eyespot, and 

. the prototrochal ciliateci ceUs .s well a. muscle. Although capable 

of developaent in the absence of parental protection, the latter ia 

presuaably"benefieid aince these larvee are not capable of feeding 

until tbe end of or after the 14 day broodiag periode ln sUllDary<\ 

therefore, these larvae are noraally relea.ed when they are able to 

feed, are equipped with a nervous systell connectina ey •• pots, cilia, 

au.cle aDel posaibly the apical tuf t, and cao react to liaht _04 

proh.bly otber features of tbeir oatural _DY irolaent • 
If' 

l' 

J 

, 

. , 



c 

•• 

-.' 

( 

93 

Bibliolraphy 

Adler, H.L. and E.B. Roe.aler. 1968. Introduction to Probabili~y aria 
~ , 

Stati.tics. W.H. Free.an and Co.pany, San Francisco and London. 

Andenon , D. T. 1973. Eabryology and phylogeny in anoelids and 

arthropods. Academie Pres., New York. 

ADdenon, D.T. 1966. The coaparative eabryology of the polychaeta. 

Ada &001. 47: 1-42. 

Bell, K. 1980. The lDorphology and 'develoPlient of neuro.ecretory 
... 

cella in the brain of Nereil virena (Annelida, Po1ychaeta). PhD 

theai., McCill University. 

Bhup, i.. and J. R. Maraden. 1982. 'nie develos-eot of the central 

nervou8 sy.te. in Capitella capitata (po1ycha.ta, Ann.lida). Cao. 

J. of Zoo!. ~: Ho. ~~t pp. 2284-2295. 
1 

Burke, R.D. 1983a. Deve1opaen,,", of the larval nerYou •• y.ta of tbe 

• and dollar, Dendra.ter excentricu •• Cell Ti.s. i. ••• 229: 

145-154. 

. . . . . . . . . . . 1983bJ Neural control in Dendra.ter excentricu8 • Biol. 

Bull. 164: 176-188. 

Cooper, J.R., F.E. BIao. and R.H. Roth. 1978. The biochedcal ba.ia 

of neuropharmacology, Third Bâition. Oxford University Pres., New 

York. 

naly, J.M. 1972. The .aturation and breeding biololY of Haraothc;e 

illbricata (Polychaeta: Polynoidae). Mar. Biol. il: 53-66. 

Daly, J.M. 1973. SOIN relationship. betveen the proe ••• of pair 

foraat ion and a_ete .aturation in Har.ath~ iabricata (L.) 

(AQoelida, Polychaeta). Mar. Behav. Phy.iol. 1: 277-284. 

f" 1 



94 

• j 

Daly, J .M. 1974. G_etogenesis in RaI1llOthoe imbricata (Polychaeta: 

Polynoidae). Mar. Biol. 25: 35-40. 

DaIy, J.H., S.M. Evans and J. Morley. - 19n. Changes in <beha'9iour 
• 

"80ciated vith pair formation in the polychaete Raraotboe 

illbricata (L.). Mar. Behav. Physiol. 1: 49-69. 

Eakin, R.M. 1965. Differentiat ion of rods and cane, in total ... 

darkneu. J. Cell Biol. 25: 162-165. 

Kaltin, R.M. and J .A. Weetfall. 1964. Fur~her obaervat iona on the 

1 

fine atr"ucture of .mae invertebrat'e eyea. Z. teIlfor.ch. Miltro.k. 

Anat. 62: 310-332. 

Faraco-Cantin, F., J. Courville and J.P. Lund. 1980. Methods for 

autoradiolrapby cm fil. and fine-grain 

t!1IIul.ions. Stain Tecb. Vol. 55, 10. 4, pp. 247-252. 

Fischer, A. 1974. St .. es and stage distribution in early '~eais 

in the annelid, Pl-.tynereia d..-erilli. Cell Tiss. &ea. 156: 

35-45. 

Fischer, A. 1975. 'nie atructure of .yapIaa.ic urly oocytes and 

their enveloping abuth cella in the- polyc~aete Platynereia 

dUilerilli. Cell Ti ••• Res. 160: 327-343. 

Friedrich, V.R. Jr. and E. Mugnaini. Electron MicroacopyJ Preparation 

of Reural Ti .. ue for Electron Microacopy. Chapter 10: 345-375. 

Golding, D.W. and A. C. Whittle. 1977 • Reuro.ecretion and related 
) 

pheno.ena in anneUd •• lot. lev. C,tol. Suppl. 1: IB9-302. 1 

Gray, B.G. 1976. Probl__ of interpretioa the fine .tructure of 

vertebrate and invertebrate .ynapse.. In Synap.e. , Bd. G.A. 

CottnU and P. Uahervo04, Blac:ltie, GI .. goy. 
v 



/ 

95 

Gray, E.G. and R.W. ~uillery. 1966. Synapt ic morpho 10gy in the 

normal and degenerat ing nervous system. lnt. Rev. Cytol. 19: 

111-182. 

Holborow, P.L. 1971. The fine structure of the trochophore of 

Harmotboe imbr ic au. In proceedings of the 4th European Marine 

Bio10gy SympoSÜDI, Bangor, Wales, Ed. D.J. Crisp. University 

Press, Cambridge. Eng1and. pp. 237-246. 

Holborow, P.L. and M.S. Laverack. 1972. Pre sumpt ive photoreceptor 

str9ctures of the trochophore of HaI'1*>thoe ilabricata (Polychaeta). 

.. Mar. Behav. Physiol..!.: 139-156 • 

Holborow, P.L., M.S. Laverack and V.C. Barber. 1969. Cilia and other 

surface structures of the trochophore of HM"JaothOe i.abricata 

(Polychaeta). Z. Zellforsch. Miltroak. Anat. 98: 246-261. 

landel. E.R., A. ttriegstein and S. 8chacher. 1980. Developaent of 

the central nervoua ay.te. of !plyaia in terms of the 

different iation of ita specifie ident i fiable cella. Heuroscience • 
.. 

\ 

5: 2033-2063. 

LacaUi, T.Cc." 1980. A guide to the marine flora and fauDa of the Bay 

of Fundy: Polychaete larvae from Passaaaquoddy Bay. Canadian 

'Technical Report of Fisheties and Aquat ic Sc iences. No. 940. 

LacaUi, T.C. 1981a. Structure and development of the apical organ 

in trocbopboru of Spirobrancbua polyèerus, Phyllodoce maculata and .. 
Pbyllodoce auco.a (PolYchaeta). Proe. R. Soc. Lond. B. 212: 

381-402. 
,.~ 

( 



" 

( 

96 

Ladl11" T .C. 
,.. 

1901b. ADnual spawol.ng cycles and planktonic Larvae of 

benth1.c ln~,ertebrates froœ Passamaquoddy Bay, New Brunswick. Can. 

J. of loo1.' 59: 433-44U. 

-c. 
LacaLl1., T.C. and J.R. Marsden. l ':J 713. A reticulum of nerve-like 

e~lls ,.tram trochopnores of Phyllodoce mucosa (Polychaeta). 

Experientla. )3: 952-954. 

Lam, D.M.K., 'LN. ~o/l.e8el ~and A. Kaneka. 1974. Neurotransmltter 

synthesls l.n eephalopod rerl1.na. Braln Res. 82: 365-368. 

Mackle, G.O., C.-L. S1.ngla and C. Thlrlot-Quievreux. 1976. Nervous 
/ 

" 
control of c1.llary actlvity ln gastropod larvae. BlOl. Bull. 151: 

Hj2-1~!I. 

Marsden, J .oR. 19132. Morphologieal evidence for neural activ~ty in 

prototrochal and neurotrochal cells of the trochophore larva' af the 

serpulld polychaete, ~aleolarla caespllosa. lnt. J. 
.. 

Invert. 

Reprod.1: 289-297. 

Karsden. J .lt. and D. T. Anderson. 19131. Larval development and 

metamorpllos1.s of the serpulut polychaete Galeolaria caespitosa 

Lamarck. Aust. J. Mar. Freshwater Res. 32: 667-680. 

Manden. J.R. and T.C. Lacal\i. 197ts. MorptlOlagy and behavlo\Jr of 

the benthic larva of ArenlcoLa Crl.stata (Polychaeta). Can. J. 

Zool. 56: 2l4-237. 

May, B.A. and D.W. Golding. 1982a. Synaptlc and synaptoid vesicLes 

const1tute a ung1e category of inclusions: new evidence from 

lnvertebrate nervous systems. Acta Zool., '63: 111-119. 

. ~ 



97 

May, IL A. ana J). W. Go id lng. 19t52b. Synapt le and synapto ld ves1.C les 

çonst1.tute a slngle eategory of 1.nelus1.ons. New eVldenee from ZlO 

lmpregnatlon. Acta Zool. 63: 171-176. 

May, B.A. and D.W. Goldlng. 19t52e. Duallty of seeretory lncluslons 

ln neurones. Ultrastrueture of toe correspondlng sltes of release 

ln lnvertebrate nervous systems. Acta Zool. 03: 129-238. 

May, fLA. 19tiU. Ultrastructural correlates of secretory release ln 

lnvertebrate nervous systems. Gen. Comp. Endocrlnol. 40: 375 

(ADs.). 

Mlll, P.G. 1978. "PhYSlology of Annellds". Acadeullc Press, London, 

New York, San FranC1SCO. 

Occurr, Ic...A. and A. Berllnd. 14:18). The ldent l f 1.cat lon and 

locallzatlon of a catecholamlne ln the motor neurons of the lobster 

cardl.ac gangllon. J. of Neurob1.ol. 14: 51-59. 

Ollve, P.J.w. 197"a. Reproduc t l.ve bl.o1ogy of Eula11a vl.rld18 

(Muller> (Polychaeta: Ph ln the north eastern U.K. 

J. Mar. 81.01. Assoc. 5,,: J1j-3ib. 

Ollve, P.J.W. 1975b. A vl.tellogene81S promot 1.ng lnfluence of the 

PI)1S tomlUm ln the polychaete Eulalla Vlrld1.s (Muller) 

(Phy1lodocl.dae). Gen. Comp. Endocrin. 26: 266-273. 

OllVe, P.J.W. 1974. Cellular aspects of regeneratlon hormone 

lnfluence ln Nere1.s dlVerS1.color. J. Embry. and Exp. Morph. 32: 

lU-311. 

RohllCh. P. 1966. SenSl.tlvlty of regeneratlng and degenerating 

p1anarlan photoreceptors to 081D1.um fixat1.on. Z. Zellforsch. 73: 

( 165-973. 

i , , 
i , 
i • 
~ 



,; 

98 

SalVlnl-Plawer, L.U. and Ee' Mayr. 1977 . ln: Evolutlonary Ibology, 

Vol. 10. Ed. M.K. Hecht, W.C. Steere abd B. Wallace, pp. 2U7-263, 

Plenum, New York. 

Stuart, A.K., A.J. Hudspeth and Z.W. Hall. 1974. Vltal stalnlDg of 

speclflc 1Il0nOaJDlne-contalnlng cells ln the leech nervous system. 

CeU T18S. Res. 153: ~5-bl. 

Thorson, G. 1940. Reproductlon and larval development of Danlsh 

marlne bottom lnvertebrates wlth speclal reference to the 

planktonlc larvae of the Sound (Oresund) . Medd. Dan-Flsk 

Havunclers. 4: 110-11J. 

Tormey, J. McU. 19bJ. Flne structure pf the clllary eplthellum of 

the rabblt, wlth partlcular reference to "J.nfolded membranes". 

"veslcles" ana the effects of DdléU1l0X. J. Cell .8101. 17: 641-6b5. 

Welsblat, D.A., R.T. &awyer and G.S. Stent. 1970. Cell hneage 

analysls by lntracellular inJectlon of a tracer enzyme. SClence. 

202: 1295-1298. 

WesltaH. J .A. 1902. V18ual Cella ln Evolution. Raven Press. New 

York. 

Whlte, D. and J .R. Kar.den. 1978. Microspectrofluoriaetric 

measurementa on cells containu18 biogenlc _ines in the cerebral 

gangl10n of the polycnaete Nerels virent (Sars). Bl01. Bull. 155: 

395-409. 

Whlte, J.O., E. Southgate, J.N. ThOl .. on and S. B~nner. 1970. The 

structure of the ventral nerve cord of f. elegana. Phil. Tran8. 

k. ~c. Sere B. ~: 327-3&9. 

, 
! 
~ 
t 
! 
1 

! 



99 

\. Young, Ç.M. and F.-S. ChLa. 19ij2. Ontogeny of pnotot.u.LS durulg 

larval development of the sedentary polycbàete. Serpula 

ve[!1cularL8 (L.). Biol. Bull. 162: 457-46H. 


