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. ABSTRACT

A labaratary study . Qf the larval develcgment and

metamefphasls of the paly:haete Sabellaria cementarlum was
earr;ed out. At 10-14°¢ development praceeds‘as follows:
23 hauré, early trochophore with prototroch and apical tuft
- 65 haurs. (\palr of provisional setae; 3.5 days, feedlng
trochophore; 18 days, metatroch&phare“\# weeks, metatro-
;haghere with tentacle buds; 5-6 weeks, nectcchaeta’eampe—

(»ﬁ"a

eks, "settlement and metamorpho-

“tent to metamorphose; 6-8 Ave

Defensive, feeding land settling behaviors are
described. !

cementarium, Phr

+, Tube sand of adult S.
¥ k 5 =

2apidosa, and Idantggxsus'ggnamgntgtus7and beach sand

induted settlement and metamorphosis. The larvae exhibit
a low degree of substrate specificity in their séttlemen?_
but sand is essential. ‘

Larval develePQEﬂf was arbitrarily divided into 10
stages and histological examination was made of each of
these to study the organogenesis and histogenesis of the.'
Planktotrophic larvae. The structures examined weret body
wall, muscle system, coelom, alimentary tract, nervous
aystem.xeireulitory system, gland cells and larval tenta-
elea; 7

_ a

Metamorphosis invalvﬁs a loss of prﬁvlliannl se tae,
anterior rotation of tentacles and opercular cirri, and
reduction of the episphere. Following these changes, the
Juvenile builds a mucoid tube'te‘which dana grains are

iv



cemented. Histological changes.during metamafphgsis were:
examined in one, two, and three day post-settled juveni;eg;
The structures examined were: body wall, muscle system,
coelom, alimentary tract, nervous system and gland cells.
The major histological changes are atrophy of the pr@t@i
trochal cells, discharge of epispheral and pygldial mucaid

ands, discharge qg parathoracic glands which form the

. mycoild tube, ‘formation of head coelom, enlargement of
cerebral ganglion, formation of optic ganglia, histolysis
of setal sac-esophageal muscle complex, and hyPertgaphy
4and dissociation of stomach cells.

Metamorphosis is considered complete when the caudal
appendage is form&d, 7-10 days post-settlement. By 38 days
post-settlement the juvenile has 3 pairs of tentacles, *
larval \pigmentation has been lost and a second parathoracic
segment has formed. Within the opercular efcwni the settl-,
ing _1>a..legle have been replaced by the primary opercular .

paleae. , , : -

-
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INTRODUCTION

The Sabellariidae is a relatively small fam%ly of
sedentary polychaetes consisting of only 7 generé and A
61 species (Faucha;d. 1977). The sabellariids are reef
bgiliers and most are found on hard’;ubstritgs from the
intertidal to slope depths. The characteristi:s‘whieh_

describe the family dfre given by Fauchald (1977) as follows:
"Tubiculous polychaetes with the body in three
regions; posterior region an asetigerous anal
tube. Prostomium a narrow ridge fused laterally
to the first setiger. Setae of the first
setiger forming an operculum with setae in one
to three rows. Thorax with two rudimentary
segments and three or four pParathoracic setigers.
Median region with notopodial pectinate uncini
and ventral capillary setae",

The characteristics of the anterior region of the sabellariids

are shown in Figures 1 and 2.

There have been numerous published Yccounts of early
development in the family Sabellariidae (Horst, 1881; Drasche,
1885; Novikoff, 1937, 1938; Caullery, 1914 Winesdorfer,
1@6?); The complete larval development through settlement

and metamorphosis has been described in three species from

Europe: Sabgl7: i¥alveolata (Wilson, 1929, 1968a,b, 1970a;

7: Bhaud, 1969, 1975); three
species/from the Atlantic coast of North America;

Sabellaria vulgaris (Curtis, 1973, 1978; Eckelbarger, 1975),
S. floridensis (Eckelbarger, 1977) and Phragmato oma lapidosa
(Eckelbarger, 1976; Eckelbarger and Chia, 1976); two

-



. A4

*'spagies from China: S. ishikawi (Wu and Ruiping, 1979}

and L. giardl (\m and Ruiping, 1979); a single spa:ies i‘rum

California: P, ca (Dales, 1952; Eckelbarger, 1977);

and a single species from the Indian ocean: L. indicus
(Bhaud, 1975).

| Sabellariids have, in general, 1nd1rect develapment
with pelagic, Planktotrophic larvae. The ﬂuratlan of plank-
tonic life may range from 14-30 days as in P. lapidosa

(Eckelbarger, 1§7é) to over 32 weeks as in S, alveolata _

(Wilson, 1970a). The larvae of sabellariids are Beasonally
abundant in the nearshore pianktaﬁ in many parts of the
world (Bhaud, 197%2; Curtis, 1973, 1978; Eckelbarger, 1976
Wilson, 1929) and they are also found among the teleplanic
larvae of the open ocean (Scheltema, 1971).

Sabellariid larvae have played an important role in the
demonstration that marine invertebrate larvae exhibit
substrate selectivity in their settilement. The studies by
Wilson (1968a,b, 1970a,b) have shown that sabellariid
larvae are induced to settle by the tube cement of their
own species. The larvae must make contact with the inducing
factor in the cement, an insoluble compound, before the
me tamorphic response is elicited. Eckelbarger (1978)
has recently published a review of settlement and meta-
morphosis in the Sabellariidae.

! Although the larval development and metamorphosis have
received considerable aftentien. only the studies of

Eckelbarger (1978) and Eckelbarger and Chia (1978) on
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P. lapidosa provide histqlogical-information. Eckelbarger
(1978) gives fine structural details of certain features of
the competent larva, primarily the ciliated and gland cells
and Eckelbarger and Chia (1928) provide a fine structural
study of the morphogenesis of kﬂg_lgzza; cuticle. Therefore,
‘SL -
_ we have no knowledge concerning the hisfgggna;is of the .
planktotrophic larvae and the histological changes at

me tamorphosis., )
Within the Polychaeta, there have been numerous studies
dealing with the external features of larval development
and metamorphosis (reviewed by Schroeder and Hermans, 1975)
which have provided valuable information on the life-
histories of polychaetes and the diversity of the develop-
mental patterns and larval types.
The studies of larval histogenesis are those of
Akesson (1961, 1962, 1967a) on Pisione remota, a pisionid

with planktotrophic larvae, Tomopteris helgolandica, a

tomopterid with pelagic, lecithotrophic larvae, and Eunice
kobiensis, a eunicid with benthic larvae; Anderson (1959)
on Scoloplos armiger, an orbinid with direct development;
Korn (1§58) on Harmothoe imbricatg, a polynoid with
planktotrophic larvae which are brooded until the late
trochophore; Potswald (1965, 1978) on Spirorbis morchi,

& spirorbid with brooded lecithotrophic larvae; Segrove

(1941) on Pomatoceros triqueter, a serpulid with plankto-

trophic larvae; Wilson (1932, 1936a) on Owenia fusiformis,

an owenid with planktotrophic, mitraria larvae and



Branchiomma vesiculosum, a sabellid with pelagic, leci-
thotrophic larvae; and Woltreck (1905) on the endo-larva

of Polygordius, an archiannelid. The histological changes

at metamorphosis have been studied in P. remota (Akesson,
1961), S. morchi (Potswald, 1965, 1978), P. trigueter
(Segrove, 1941), B. vesiculosum (Wilson, 1936a), Q. fusi-

formis (Wilson, 1932), Polygordius (Woltreck, 1905), and

Arenicola cristata (Marsaen and Pawson, 1981). Considering
there are over 5,300 species of polychastes, our knowledge
concerning the histogemesis, organogenesis, and histological
changes at éetamarphasis is very limited, particularly in
Polychaetes with planktotrophic larvae.

Babellaria cementarium was first described by Moore
(1906) from Pcé%j;awnsend. Washington. 1In conformance with
the generic eharagtéristics of Sabellaria, S. cementarium
has the operculum composed of three rows of paleae, the
opercular peduncles are short and fused, and the middle
opercular paleae are pointed distad (Fauchald, 1977). S.
by the outer apérﬁular paleae which terminate in a flat blade
with a distal spinose arista (Fié{ 2A,B).

The distribution of S. cementarium is from Alaska to
Southern California and east to Japan (Martman, 1944, 1969).

It is found both intertidally and subtidally to shelf depths
on rocky bottoms and may be solitary or colonial, often forming
reefs (Hartman, 1944, 1969; Smith and Carlton, 1975). 1In

the waters of British Columbia and Washington it is found
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subtidally at depths of 16-40 fathoms. The tubes occur in
small aggregations on rocks and scall’é?shells of the genus
Chlamys. They often occur sympatricaily within the same

aggregations with the only cfher s;bellariid of this region,

Idanthrysus or@ggegtgigg (Kozloff, 1974)., The aggrega-
tions of tubes occupy primary space ﬁitiin the benthic
community and provide a substrate for epifaunal organisms
such as ectoprocts, spirorbids, and serpulids. The hermit
crab Disborsogaggzgs sehmitti is found occupying the

empty tubes of S. cementarium (Caine, 1980) as is the
polynoid polychaete, Lepidonotus squmatus.

The only previous investigations of this species were

that of Winesdorfer (1967) and Strathmann (1974), who -
described briefly the early larval development. |
The present study of Sabellaria cementarium was
_ undertaken to describe the larval development and .
~ metamorphosis and provide detailed information on the
histogenesis; organogenesis, and the histological changes
at metamorphosis in a typical planktotrophic polychaete
larva. Moreover, fhe results will be compared with what

is"known for other polychaete larvae.



MATERIALS AND METHODS

B The larval development of Sibgl:aria cementarium
was studied in the summer of 1979 and again in the spring.
and summer of 1980 at Priday Harbor Laboratories,
University of Washington, Friday Harbor, Washington.
Adults were collected by dredging at depths of 30-32
fathoms in Griffin Bay, San Juan Island, Washington.
Adults were maintained in theslaboratory in a sea table
_with running sea water at 10-14°C. Adults were able to
obtain suspended food particles directly from the sea
water system and cculd-be kept indefinitely.

Gametes were obtained following the methods of
. Winesdorfer (1967), Strathmann (1974), and Eckelbarger
(1975). Upon removal from their tubes, males and
females were placed in individual Pyrex custard cups
containing 20 ml of Hillepafg prefiltered sea water where
they spawned. The eggs were collected a§d placed in
‘Pyrex custard cups with 100 ml of prefiltered sea water.
The methods of sperm activation suggested by Winesdorfer
(1967) and Strathmann (1974) were not attempted. Active
sperm was obtained directly from the males and several
drops of sperm suspension were added to the eggs. To
avoid polyspermy, the egge were hand centrifuged and
resuspended in prefiltered sea water following the
addition of the sperm. The resulting cultures each

contalned eggs from several females which had been



fertilized by the sperm from more than one male. Disghes
containing the fertilized eggs were maintained in the sea

table at 10-14°C.

At the first appearance of free swimming larvae, they

« were transferred into 1000 m]l beakers c;ntaining pre- )
filtered sea water. Two species of a;g;e were added to the
cultures as food. They were Dunaliella sp., a green alga
and Isochrysis 8p., a golden brown alga (both were
obtained from Carolina Biological Supply Co.). These algae
were cultured in Alga-Gro concentrate media (Carolina )
Biological Supply_;a.) under continuous illumination.

Prior to the addition of the algae te the lar%al cultures,

the algae were hand centrifuged to remove the c¢ulture media. )
They were then resuspended in prefiltered sea water. The
algal cell ceneentratign was determined using a haéma—r
cytometer and added to the larval cultures in a 311

mixture of Dunaliella and Isochrysis (Eckelbarger, 1975)

to give a final concentration of 104 algal ce¥ls per ml.
Larval cultures were maintained at 10-14°C  in a sea table.

Eckelbarger (1975) has shown that in larval cultures
aerated by air stones the larvae will grow faster and
séttie earlier. Aeration of the cultures was attempted in
this study, however, it was discontiued because aeration
caused an increase in larval ﬁartality_

Water in the culture dishes was changed every two to
three days. This was accomplished by siphoning the

Culture water from the beakers through a Nitex mesh sieve.
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The sigva was made from a small plastic funnel to wﬁiah
Nitex mesh of 53 am pore size was glued to thfg mouth and

a plece of Tygon tubing was glued to the spout through® -

'which the water was siphoned (L. McEdward, personal

‘communication). The larvae were poured into a custard.

cup which was placed under a Wild M-5 dissecting microscope
and the larvae were individually pipetted into a beaker of
prgiiltered sea water to which algae had been added.

Frequent observations were made to determine the
chronology of early deéelapment from the time af're:tilia
zatiqn. Once the larvae reached the late trochophore
stage, observations were made daily. For observations and
photographs, th; larvae were placed in‘a drop of water
under a coverslip supported by clay feet on the four

corners. The water was slowly removed using!Bibulaus.

- paper so that the larvae were trapped between the slide amd

the coverslip. It was necessary to relax the later stage
larvae using isotonic (7.5%) magnesium chloride.
Photographs of the larvae were taken on a Zeiss compound

microscope equipped with Nomarsii differential inter-

‘feﬁance contrast microscopy and bright field microscopy.

Photographs were taken on either Kodak Pan-X or Kodak

Plus-X film. Larvae were also photographed using Koda-

chrome II film to help monitor the changes in larval

‘pigmentation pattérns. Measurements were made using an

ocular micrometer on either a Zeiss compound microscope

or a Wild M-5 dissecting microscope.

+
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Larval specimens for one micrometer sections were not

relaxed prior to fixation. They‘wefé initially fixed for
one-half hour to one hour, at room témperature. in a
solution of 2.5% glutaraldehyde, 0.2 M phosphate buffer
(pH = 7.6) (Millonig, 1961) and 0.34 M sodiym chloride
(Dunlap, 1966; Cloney and Florey.'1968). The speéimeﬁs
were then rinsed at room temperature in three, five minute
- rinses of 2.5% sodium bicarbonate solution (pH = 7.2).
Phey were post-fixed for one-half hour to‘one hour at
room temperﬁture in a solution of 2% osmium tetroxide in
1.25% sodium bicarbonate (PH = 7.2) (Cloney-and Florey,
19648). After fixation, the speqimens were rinsed in
distilled water and dehydrated through a graded geries of
ethané}s. They were then placed in twa changes of
propylene oxide and embedded in LX-112 epoxy resin (Ladd
Research Industries) following the method® of Luft (1961).

One micrometer sections were cut on a Porter-Blum
Sorvall MT~II ultramicrotome using glass knives. The
sections were heat mounted on glass slides and stained
with thhylene blue and azure II (Richardson et al.,
1960). To prevent wrinkling of the sections, the slides
were dipped in a mixture of gelatin and K chromvalum ‘
(V. Martin, personal communication) prior to mounting the
eections.on the slides. Sections were .photographed on
Kodak Pan-X film using a Zeiss phofomicroscope\Lrl or a
Wil& M-20 compound microscope.

To determine the histologicai changes at me tamorpho-
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sis, competent larvae were induced to metamgrphése using
sand frgm!the tubes of adult Sabellarja cementarium. One,
two and three day post-settled Juvenlles were fixed using
the methods described above for one micrometer sections.
Specimens for transmission elget;ﬂn gicroécépy (TEM) ~
were fixed and embedded using fhe methods described for
one micrﬂmetér sections. Sections were cut on a Porter-
Blum Sorvall HT*IIB,ultra@icratcme;w§th a diamond kﬁife,
Ribb@ﬁs of silver-gold interference colors “were mounted
on bare copper grids, Sections were stained with
saturated uranyl acetate (Watson, 1956) and lead citrate
(Reynolds, 1963). Sections were examiggd and photographed
on either a Phillips EM 200 or EM 201 eieetrgn microscope.
For histological staining, adult specimens were °
relaxed in isotonic (?;5%)!magnesium thloride and fixed
in Bouin's fluid. They were cut into pie;és. dehydrated
th?éugh a graded series of ethanols and vacuum empedded in
Paraplast (melting point, 56:*57‘:'(3). Serial seﬁlnns were -

cut at 7 um on an American Optical rotary microtome. The

sections were stained with'Harris’ haematcxylin ¢Humyson,
1967) and precipitated eosin. The sections were |
photographed on a Zéisgiphctcmiercseape IT using Kodak
Pan-X film. - N

For scanning electronemicroscopy (SEMJ, specimepf
were relaxed in isotonic (7.5%) magnesium chloride
water. The specimens were élaced in modified Beem

capsules to which 53 um Nitex mesh had been placed on both



ends. This was found to be the best method for keeping the
specimens Clean. - Specimens were either fixed as described
above for one micrometer sections or they were fixed‘far
four hours at room temperature in a solution of 2% osmium
tetroxide in 1.25% sodium biégfbana§e (pH = 7.2) (Cloney
and Florey, 1968). After fixation, the.speeimens were
rinsed in distilléd water and dehydrated in a graégd series
of ethanols. They were then transferred through a graded
series of isc-amyl acetate and critically ﬁAFnt dried far
one hour in a Denton CDE critical point dryer. The
specimens were mounted on aluminum stubs and sputfer—egated-
with gold. They were then viewed and photographed ag.a
Cambridge Stereascan 150 electron miercscape operating at

-

20 KvV.

An experiment testing the effects of different typesi
of substrates on the induction of metamorphosis in the
cgﬁpetent.lmae was carried out i’n‘ t@hbora:tonr. The
substrates tested were: beach sand fr@i False Bay, San

Juan Island, Washington and the tubes of the adult g¥>

Sus ornamentatus, Phragmat

sabellariids Idanthr
;agiéasa. and Sabellaria cementarium. The beach sand

~and the tubes were ground up using a mortar and pestle and
air dried for at least three weeks prior to the start Qf the
experiment. The sand frop the sabellariid tubes included
pleces of the tube eement: A control consisting of only,
Millepore prefiltered sea water was used. The different

"substrates dsed were placed in Pyrex custard cups with
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100 ml1 of ﬁillepare prefiltered sea water and élgal ce
at a concentration of 104 cells per ml. Algae were
added periadica;ly throughout the experiment. Twenty-five
larvae that had” the morphologisal characteristics of
competency were added to each of the dishes (thirty larvae
were placed in the dish with P. lapidosa sand). After
eighteen days the number of me tamorphosed juveniles was
recorded. Throughout the experime%t frequent observations
were made to characterize the searﬂhingrbenaviér of the
competent larvae. At the end of the experiment, the young
juveniles were kept in the dishes to record their changes
in mérphci;gy with age. They were periodically fed

mixture at a con-

»
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RESULTS

- -

A. LARVAL DEVELOPMENT AND BEHAVIOR .

Ripe Sabellaria cementarium of both sexes can be

collected throughout the year from Griffin Bay, San Juan
Island, Washington, by dredging. Not all worms bear viable
gametes as one often finds non-motile sperm in the males,

oocytes undergoing disintegration or worms that have’already

8pawned. S. ¢cementarium is a polytelic sﬁecies. however,
it appears that the population is capable of producing
viable gametes throughout the year (Winesdorfer, 1967;
personal observations). .

The game te-bearing abdominal segments of the Sexually
mature females are magenta in color, while those of the
mature males are cream-colored. The spawned oocytes range
from 80-85 um in diameter. They are irregular in shape
arid possess a prominent g€erminal vesicle. Upon exposure
to sea water for several minutes, the oocytes round up-\~
and their germinal vesicles break down (Fig. 3A). The
nucleoli are disperséd throughout the oocytes. Aan ellips-
0oid vitelline membrane elevates from the surface of the
oocyte and prominent cytoplaémic filaments are seen within
the perivitelline Space extending from the surface of the
cocyte to the vitelline membrane. The changes in the

oocytes described here agree with those described by

Winesdorfer (1967) for S. cementarium and by Novikoff

13
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(1937, 1939) for S. wulgaris. The sperm are of the
primitive type as defined by Franzen (1956) and bear an
acrosome 5 um long. Tkeir tails are ca. 50 um in length.
Cleavage is spiral and holoblastic. The Iirst §Q1ar
body is extruded from the animal pole at 1.5 hours post-
fertilization, followed by the extrusion of the second
polar body at 2 hours post-fertilization (Fig. 3B). just
prior to the eitrusian of the polar bodies there is a clear-
ing in the cytoplasm at the animal pole. At first
cleavage, 2.5 hours pgst—fertilizatian. a polar lobe is
formed at the vegetal pole resulting in the trefoil stage
(Fig. 3C). Approximately 15 minutes later, the polar lobe
.flows intc the CD blastomere. This CD blastomere is much

larger than the AB blastamérei At 4 hours post-fertiliza-

first polar lobe is formed from the CD blastomere. At
completion of the second division, this polar lobe flows
back into the D blastomere. This division has produced -
three blastomeres (A,B,C) of approximately equal size and
one much larger blastomére, D. During the third cleavage,
5.5 hours post-fertilization, a small polar lobe is formed
from the D blastomere. This cleavage pattern results in the
formation of the first quartet of micromeres.

The following description of larval development is
based upon cultures raised in the laboratory at 10 -14%%. -
There was a great deal of asyhchrony in the developmental

rate among larvae within the same cultures and among larvae



from different cultures. Therefore, ghe chronology of

development presented here is rep tive of the fastest
observed developmental rates and is éummarized in Table 1.
Planktonic develapmegt was divided into 10 stages based on
the development of external characteristics. These 10
Btages correspond to the stages sectioned to determine the

histogenesis and organogenesis of the planktonic¢ larvae.

18 Hour Pretrochophore

o

At 18 hours post-fertilization there is a swimming,
négatively geotactic pretrochophore measuring 86 um in
diameter (Fig. 4A). It is irregular in shape and is
surrounded by a prominent vitelline membrane. The pretrocho-
phore appears opaque dlie to the'magehta pigmentation and the
large amount of yolk. The pretrochophore swims in an
erra?i; tumbling manner at the water's surface in the

cul fure dish.

23 Hour Trochophore

By 23 hours post-fertilization an early trochophore
larva with a prominent prototroch and apical tuft, measur-
ing 86-88 um in diameter is seen (Fig. 4B, 7A). The
prototroch divides the larva into two regions, an upper

episphere and a lower hyposphere. The apical tuft is

15

composed of a 8-10 long cilia which are approximately 48 um ‘

in length. The apical cilia are often held erect in front

of the swimming trochophore, however, they are not twisted
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“together. The tuft is often seen to beat slowly from one
side of the episphereAto the other. Small yellow-green
chromatophores are present on the sides of the episphere.
The vitelline membrane is wrinkled in the regiens of the
apical tuft and hyposphere; it is closely applied to the
surface of.the trochophore and will eventumlly form the
larval cuticle (Fig. 4B). A single gland pore is located
directly below the prototroch on the dorsal surface

(Fig. éA). There are two tufts of cilia on the bottom of
the hyposphere which appear as a single tuft under the
light microscope (Fig. 7A). The long prototrochal cilia
beat in a metachronal wave propelling the larva through the
water. As the trochophore swims in a spiral path it rotates

on its longitudinal axis.

L4-46 Hour Trochophore

In the 44-46 hour trochophore a faint outline of the
forming gut can be distinguished (Fig. 4C). The trocho-
Phore measures 90 ym in length and has traées of red and
yeilow-green chromatophores on the dorsal surface of the
.episphere. The protdtrocbal éilia have increased in ‘
length and number, as have the number of cilia in the
apical tuft. The larvae swim randomly on a spiral path
throughout the culture dish. .

/

I

60-70 Hour Trochophore

Provisional setae first appear at 60-65 hours post-

fertilization. There is a single seta, 9 um in length, on



each sideLa§/z§; hypasphgr& (Fig._4D). These setae lack the
serrated annulations found on the setae of older larvae.
The apical stuft is composed of about 20 long eilia‘which
are surrounded by sevgfal short cilia on either side. &
second row of short cilia is beginning to appear in the
prototroch below the first row of cilia. 7

éy 70 hours a secend pair of short provisional setae
have formed and the pPrimary pair now has 3-4 annulations
per seta (Figs. 5A, 7B). The setae are capable of being
flexed laterally to the sides of the body. The outline of

the gut can be seen and using Nomarski microscopy, beating

¢ilia can be distinguished for the first time within the
8tomach (Fig. 5A). Greenish lipid droplets are also
observed in the stomach cells. The larva now measures 92
um in length and yYellow-green chromatophores are present on
the episphere with patches of red chromatophores. There is
a faint red eyespot located daraally on the left side of

the episphere, anterior to the prototroch.

3:5-% Day

The trgchaégz;é begins to feed after 3.5-4 days., It
possesses 3-4 pairs of provisional Setae and measures about
95 um in length (Fig. 5B). A band of medial longitudinal
cilia, the neurotroch, has appeared on the ventral surface
of the hyposphere and extends from the mouth to the anal
pore. The neurotrochal cilia beat away from the mouth.

The body is étill opaque and magenta in color but on the



episphere are found yellaw—greeﬁ'ch:a:atephareg extending
over the dorsal surface. There are 11pid droplets lying
above ‘the stomach and intestine. - The single eyespot on

the episphere is now prominent due to its increase in gize.
The apical tuft ig composed of 3 ciliary bundles, 1 central
bundle with 2 bundies of short cilia on either side of it,
The vitelline membrane can no longer be dietinguished

(Fig. 5B).

2 Day Trochophore

The 5 day old trochophore possesses 5 pairs of provis-
ional setae which are approximately 2.5 times the length of
the body (Fig. 8C). The prototroch is composed of a
prominent upper band of long cilia on the ventral surface
which extends to the sides of the dorsal surface. The
posterior band, now very prominent, is composged of shorter
cilia (Fig. BA). This band extends along the length of the
now préminent oral hood fold where it meets the oral cilia-
tion. The apical tuft is composed of 3 bundles of shart»
cilia (Fig. 8B), The central bundle is non-motile while the
other 2 bundles are motile. .

The trochophore is beginning to lose its opaqueness and
is becoming transparent (Fig. 5C). It is still magenta in
color with patches of red and yellow-green chromatophores
scattered over the surface of the episphere. Green lipid
droplets are present on the dorsal surface of %he larva,

The trochophores of this stage swim randomly in a spiral



fashion throughout the eu;ture and do not exhibit iny
phototactic behavicr F

The 12 day trochophore isrehéracterized by the elongation
of the hyposphere and the less of the magenta pigmentation
(Fig. 5D). The larva measures approximately 100 um in
length with 8-10 pairs of provisional setae present. The
hyposphere has elongated but with no evidence of segmentation.
Red and yellow-green chromatophores have appeared i?r the
first time in this region. The green lipid drcpleté
overlying the stomach and intestine are 8till present. The
telotroch and grasping cilia have not formed yet.

On the dorsal surface of the episphere the yellow-green (jgg
ch:ﬂmataﬁhcres have fused into large patches and the red
énrcmgtgphares are scattered amongst-them. Theregis still
only one red eyespot present on the episphere (Fig. 5D).

The margin of the oral hood fold is thickening and is a
well-developed Ylap above the mouth. The neurotroch is now
a well-developed band of cilia extending from the mouth to
the anal pore on the ventral surface. The larvae swim
randomly through the culture dish and exhibit a weak

positive phototaxis.

Metatrochophore
This stage is reached in about 18 days and measures

approximately 240 um in length (Figs. 6A, 9A). It is



| eharacieriz:d by the division of the hyposphere into Eé
Segments and a pygidium. 'ThEI;E are about 20 pairs of
Provisional setae present in the setal sacs. The apical
tuft is composed of 3 bundles of short cilia which beat !
1ater§lly. There are now 2 red eyespots located anteriorly
to the prototroch on the dorsal surface of the episphere.
Large patches of yellow-green and red chromatophores

extend dorsally over the surfaeeﬁgg the episphere and a
band of black pigmen¥atian lies directly posterior to the
Prototroch. Lip folds are forming on either side of the
mouth posterior to the large oral hood fold (Fig. 9A). The
upper band of prototrochal cilia runs along the anterior
edge‘cr the oral hood to_the dorsal surface where thégg is
a gap on the dorsal meéiél surface. The posterior baﬁd of
the prototroch extends along the oral lips where it meets
the oral ciliation. Lying between the two bands of cilia is
the food groove.

Posterior to the prototroch, th; hyposphere is divided
into two segments by faint bands of black pigmentation on
the dorsal surface of the hyposphere (Fig. 6A). Scattered
over the stomach and intestine are €reen lipid droplets and
red and yellow-green chromatophores. Anterior and lateral
to the telotroch are the grasping cilia which appear by
light microscopy to be fused. They undergo flicking
motions in a group rather than the typical ciliary beating,
Using SEM, the grasping cilia appear to be composed of cilia

lying in closge proximity to each other but which are not
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fused together (Fig. 9B). They function to hold the R
provisional setae to the sides of the body during '
swimming. The telotroch extends around the posterjor end
of the hyposphere, now called the pygidium (Fig. 9A). The
-telotroch splits on the dorsal surface so that the medial
portion lacks cilia; Below the telotroch are large
patches of reddish-black chromatophores. The larvae at’
this stage swim randomly throughout the culture bcwl-just

above the bottom of the dish and are negatively phototactic.

Metatrochophore with Tentacle Buds

Within 4-4.5 weeks post-fertilization, the 1grvaaih;v3
developed tentacle buds. The body is divided into the
episphere, } parathoracic Ssegments, 3 faint abdominal
segments, and a pygidium (Figé. 6B, 9C). :

The apical tuft is now composed of 5 bundles of cilia.
There are 4 red eyespots on the dorsal surface of the

episphere anterior to the prototroch. The yellow-green

chromatophores are gradually being replaced by the reddish-
black chromatophores with a few scattered patches of green
chromatophores amongst them. Located posterior ¥o tig
eyespots on the dorsal surface of the epi:p{gfz are two
tentacle buds yh;ch are very Ehgrt and bear a<;§?‘rad pig-
ment spots on their dorsal surfaces (Figs. 6B, 9C). On the
ventral surfaces of these tentacle buds are developing
ciliary tracté. The two pretetrccha%ibands are located on
the posterior margin of the episphere and they separate

Y
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the epigphere from the trunk segments. There is a gap in

the prot&troch on the dorsal surface between tﬁe tentacles
where the dorsal hump is now located (Fig. 9C). A band of
black piéﬁent séparates the prototroch from the trunk.

Located within the setal sacs are 25-30 pairs of provis- -

ional setae (Fig. 9C). The elongated trunk is divided into
3 parathoracic segments by black pigment bands which
extend across the dorsal surface of the larva (Fig. 6B).
Posterior to the parathoracic segments are 3 faintly

| demarcated abdominal segments (Fig. 6B). There are no
setae or uncini present on the trunk segments. On the
pPygidium are located the grasping cilia and the telotroch.
Posterior to the telotroch are patches of reddish-black
chromatophores (Fig. 6B). .

The larvae are photopositive and swim over the bottom of
the culture bowl in a spiral path. Sometimes, the larvae
were seen to swim in loops directly above the bottom of the
bowl. When this behavior was observed, the larvae did not
rotgze on their longitudinal axis in a spiral path. The
larvae would apply the top of the episphere to the bottom

of the culture dish when exhidbiting this behavior'pattern.

Nectochaeta (Competent Larvas)
 This stage represents the fully developed planktonic or

competent larva and occurs 5.5-6 weeks post-fertilization.
It measures approximately 350 ym in length. The body is
divided into 5 distinct regions: the episphere, one

-
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asetigerous sthoracic segment, 3 setigerous parathoracic
segerﬁ;s; 3 abdominal Seﬁents with uncinigerous lobes,
and the pygidium (Figs. 6C, 104A,C).
The episphere possesses 4 reddish-black eyespots on its ‘

dorsal surface. The posterior pair of eyespots is
situated closer together than is the anterior pair.
Scattered over the dorsal surface of the episphere are
patches of reddish-orange chromatophores. The yellow-green
patches of pigment observed previously have completely
disappeared. 5Small patches of green chromatophores lie
directly anterior to the prototroch on the dorsal surface.
The prototroch is situated around the posterior margin of
thé episphere except for a gap on the dorsal surface
between the ténfaglas. There are 5 tufts of apical sensory
cilia and numerous raised gland pores on the apical en? of
the episphere (Figs. 14A,B).

wafhe ‘tentacles arisevfrom the dorsal surface of the
episphere and 1lie posterior and lateral to the eyespots.
The tenfgcles extend appfazimatelyicneihalf the length of
the body of the larva, Located on the dorsal surface of the
tentéeles are patches of reddish-black chromatophores,
raised gland pores, and ciliated sensory tufts (Figs. 11B,

13B). The tips of the tentacles are heavily ciliated as

. are the ventral surfaces which bear a ciliated band running

its entire length (Fig. 11A). The dorsal hump lies between

the tentacles (Fig. 10C). Situated below the prototroch

and postero-lateral to the tentacles are the opercular
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cifri:(Figi 11C). The ci:rirﬁill form the fleshy papulae
located below the outer opercular pale%E in the adult
worms. The junction betﬁeen-thé cirrirénd the prototroch
is demarcated by a band of black ehramataﬁharesi |
There are approximately 40 pairs of provisional setae
within the setal sacs (Fig. 12BY. Hidden amongst the
provisional setae are the short primary settling paleae
which will form the operculum of the newly metamorphosed
juvenile. On the dorsal surface of the larva, nototrochal
cilia extend from the pasgeriaf portion of the first para-
thoracic segment to the posterior portion of the third
parathoracic segment (Fig., 12C). Scattered black chroma-
tophores are found on the dorsal surface of the parathoracic
and the abdominal segments., Between each segment is
located a distinct band of black and green chromatophores,
The parathoracic segments each bear one pair éf winged
capillary setae and one pair of curved capillary setae in
their parapodial lobes (Fig. 12C). Each of the abdominal
segments has two large uncinigerous lobes bearing uncini
(Fig. 12A). The number of uncini per lobe varies among
specimens but there are never more than 8 uncini per
lobe., On the ventral surfaces of the parathoracic segﬁ!nts
are found the ciliated sensory tufts and recessed gland
pores (Fig. 13A). On the ventral surface of the thoracic
segment, directly below the oral lip folds is found the
building ergan (Fig. 11C). The neurotroch extends from

the mouth to the telotroch on the medial ventral surface
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(Fig. 10B).

The pygidium possesses the telétrceh and the grasping
cili¥, Scattered patches of reddish-black chromatophores
aréefquné below the prototroch on the pygidium. Raised
gland pores surround the anus an¥ scattered sensory tufts
are found amongst the gland pores. (Fig. 14C).

The competent larvae are pasitively phototactic
and positively geotactic. When a strong light is shone on
the side of the culture dish, the larvae will aggregate on
the bottom of the dish closest to the light source. At
this point the larvae search for a site on which to
me tamorphose by exploring the sand grains on the bottom of
the culture vessel.

The larvae swim directly above the substrate and often
were seen to h@éér in an erect position over the substrate.
It was noted that groups of 5 to 6 larvae tended to remain
in close proximity to each other while exploring the

substrate. The larvae stop swimming and crawl over the

substrate, applying the dorsal surface of the tentacles ‘

to the substrate. As described earlier, the larval tent-
acles bear ciliated sensory tufts. While crawling the
lgrva uses both the telotroch and the prototroch fer

\-/ﬁgif%égnatian. The larva stops crawling and applies the

—

building organ, beafiﬁg sensory tufts, directly to the
sand grains (Fig. 15B). To do this, the oral hood fold

- 18 bent forward so that the surface of the building organ

is fully applied to the sand grains. It has been noted that



-

the larva will ingest sand grains when the cralgyéad is '
gpplieé to the sand grains. The prototrochal cilia of the
oral hood fold sweep small sand particles into the mouth and
the cilia of gke neurotroch re jects them posteriorly.
These same sand particles will be swept into the mouth and
rejected several times before they are finally ingested by
thé 1arva-_ The sand garticles can be traced moving thrcuéh
the stomach and inteséine of the larva and they can be
-found in the fecal pellets. After seveéal minutes the
larva will resume swimming over the bottom of the bowl.
Larvae were also noted to apply the tops of their

larva will

epispheres directly to the sand grains.
remain stationary in an upside down position/and will
rotate on its central axis (Fig., 15A). The épisphere is
applied to the sand grains the entire time. This ‘
behavior lasts several seconds after which the larva falls
on its side and explores the substrate with either its
tentacles or its building organ. Several seconds later

the larva will get up and repeat this behavior. The

larvae were often seen to swim in an upside down position
bouncing their apical ends over the substrate.

Larvae were observed to bury themselves underneath and
between sand grains, Oncé ﬁétween the sand grains the
larvae would cling tenaciously to them. It would take
several forceful squirts of water from a pipette to
dislodge them. As the larvae moved between the sand grains,

they would use. their provisional setae to push the sand
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grains aside so that they could move freely between them.

After several minutes the larvae would resume swimming over

the bottom.

Provisional Setae and Defensive Behavior

The provisional setae first appear in the 60-65 hour
trochophore and are present throughout the life of the larva.
The setae are secreted in the posterior facing setal sacs:
;aﬁg%ed on either side of the becdy at the level of the
prototroch. Provisional se£ae are c@ntinuausl; added
throughout the life of the larva until about 40 pairs are
present in the competent larva. They reach a 1e§§%h of
up to 300 um. Along their length at approximately 8 um
intervals are annulations (Fig. 12B). Situated around the
perimeter of these annulations are numerous tc@th—lzke
serrations. .

The larvae are capable of spreading their provisional
setae so that they completely surround the body.and point
in all directions (Figs. 16A,B). This behavior appears
with the first setae and continues throughout the larval
life. The larvae spread their setae in response to
irritation or if they make contact with another larva. 1In
cultures, the creation of vibrations in the water would
elicit this response and the larva did not have to be
" touched directly. Competent larvae used their setae to

move sand grains out of th /7 when they were crawling

over and between the sand ins.

T



To flex the setae, the larva constricts the prototrochal
region and the anterior end-by the contraction of the
prototrochal muscle and .the esophageal muscles which
connect to the anterior region and setal sac muscles.

With the caﬁtFacti@n of the muscles surrounding the setal
sacs, the setal sacs are turned to the side and face
1aterally_s The setae then spread<eut§§c that they surround
the béﬁyi The setae stay erect for several seconds and
then'they relax. If the irritation continues, the setae

will continue to be spread and relaxed until the irritation

stops.

Feeding Behavior

The capture of food particles was not observed in the
trochephore larvae of S. cementarium, however, it was
observed in the metatrochophores and competent larvae. The
me thod of particle capture in the trochophores was infetrred

from these late stage larvae. The larvae of §S. cementarium

feed by an appased ciliary band syséemg The upper and

lower ciliary bands of the prototroch appear to beat in
opposition to each other with the lower bandlacting as a
metatroch. The longer cilia of the upper prototrochal

band capture the food particles and carry them towards the
lower band of cilia. The lower band carries the food
particles into the food groove. The cilia of the food groove
carry the particles to the mouth where they are swept

into the mouth by the oral ciliation.
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When the larvae encounter particles too high in
concentration, they will stop feeding. They‘ﬁ@ longer
filter the particles due to the fact that the posterior
band of prototrochal cilia ceases to beat. This is the
same mechanism as that observed by Strathmann et al. (1972)

for Spirabranchus trochophores. If the larvae encounter

»particlas that are too large to handle they will re ject
them. Strathmann et al. (1972) have shown the Spira-
branchus trochophores use their neurotrochs to carry food
particles away from the mouth. >Qbservaticns on the larvae

of S. cementarium have found that they too use the neuro-

troch to reject particles that are too "large to ingest.
The particles are carried posteriorly along the hypo-
sphere of the trochophores or along the trunk segments of
the late larvae by the posterior beat of the neurotrochal
cilia. "®nce inside the mouth the particles are carried
into the esophagus by the esophageal ciliation. As the
particles are carried down the length of the esophagus, .
they are rotated in a clockwise .direction by the cilia of
the esophagus and then swept into the stomach. In the
stomach, the food particles are formed into' a bolus which
is rotated in a counter-clockwise direction by the cilia of
the stomach. The bolus is forced into the intestine by
the muscular contraction of both the stomach and the body
wall of the larva. The bolus is broken dowri in the -
intestine by the cilia and it is défecated through the

anal opening.
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B. ORGANOGENESIS AND HISTOGENESIS
OF THE PLANKTONIC LARVAE

The organogenesis and histogenesis of the planktonic
larvae of Sabellaria cementarium were studied by examina-
tion of histological sect%ons of 10 developmental stages. &
The external horphologies of these stages have been
described in the preceding chapter. The larval structures
to be’examined are as follows: body wall, muscle system,
coélom; alimentary tract, nervous system, circulatory
system, gland cells, and tentacles. The 18 hour pre-
trochophore will be described separately as it is not

encompassed in the development\ of any of the larval

struc tures.

The 18 hour pretrochophore .o lack a blastocoel

(Pig. 26A). Lipid droplets are abundank and they obscure
the underlying cells. There are appsreﬁfly two types of
lipi& droplets; those which stain green and those which
stain blue (Richardson's stain) (Fig. 26A). Cell types can-
‘not be distingu}shed at this time except for a presumptive
mucoid gland cell which appears as a pale-staining cell
located in the region of the developing episphere (Fig. 26A).
Cilia as well as presumptive prototrochal cells cannot be
detected by light microscopy. The larva does, however,

swim in an erratic tumbling manner. Although the vitellineA
membrane is prominent externally, it does not stain in one

micrometer sections.

e
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Body Wall
The following structures were examined in the body wall

of the larvae: cuticle, epidermis, and setal sacs. Body
wall musculature and peritoneum will be described in the
se;tions on the muscle system and coelom, respectively. .
i) Cuticle

The vitelline membrane or egg envelope is retained as
the cuticle in the early larvae. It completely surrounds
the larva and appears to be composed of two zones. The
gones wiil be named according to the terminology of
Eckelbarger and Chia (1978). Zone II is a thick, ocuter
electron-dense layer consisting of closely packed fibrils
(Fig. 17A). Llying directly below thisliayer and against
the epidermis is Zone I. ' This zone is weakly-staining and
is composed of loose fibrils (Fig. 17A). ‘Branching
microvilli can be seen extending from the surfaces of the
epidermal cells through the vitelline membrane (Fig. 17A).

By 5 days, the vitelline membrane is being repléced
by a thin cuticle secreted by the epidermal cells. In one

micrometer sections, the surface of the cuticle stains

[

lightly,while the cuticle itself is non-staining. In TEM

sections, the newly formed cuticle appears electron opaque
and there is a reduction in the number of microvilli extend-
ing through the cuticle (Fig. 17B).
ii) Epidermis

The épidermis is arsimple epithelium. In the early

developmental stages, the cells are cuboidal in shape and



contain a centrally 1oeatad’ﬁﬁcleus (Figs. 26A,B,D, 27A-D).
As the larvae continue to grow, the cells tend to flatten
Particularly in the region of the hyposphere (Figs. 37C,D
384). Inltiglly there are numerous lipid droplets located
within the epidermal cells, however, these droplets
decrease in number as the larvae grow and by 12 days the
droplets are nearly e:haustedi Pigment cells become
~apparent in the 12 day trochophore. These*cglls contain
numerous black granules in their apical cytoplasm and
possess basally located nuclei. The distribution of these
cells within the epidermis corresponds to the external
pigmentation pattern of the larva. Located within the
epidermis ére numerous gland cells which will be described
in the section on gland cells.

The multiciliated prototrochal and telotrochal cells
are cuboidal shaped with basally located nuclei (FPig. 18a).
They bear cilia anchored by long primary rootlets and
shorter secondary rootlets (Fig. 18A). Within the cyto-
plasm of these cells are numeroue mitochondria.

iii) Setal Sacs

The setal sacs containing the provisional setae are
first apparent ingthé 46 hour trochophore. They appear as
small spherical sacs located on either side of the body and
contaln 2 chaetoblast cells, each with a prominent nucleus
(Fig. 19A4). A single rudimentary seta can be seer develop-
ing within the sac. In the 65 hour trochophore the setal

sacs have increased in size and the provisional setae are
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apparent extefﬁslly (Fig. 19B).

Throughout the life of the larva, the setal sacs
continue_to ingrggge in size due to an increase in the
number of cells iz;ated within the sacs. The chaefcblast
cells lie basally within the setal sacs and possess
numerous microvilli (Pigs. 20, 21B). The provisional
setae are formed on the microvilli, Surrounding the
chaetoblast cells are the lateral accessory cells which
line the follicle in which the provisional seta lies
(Figs. 20, 21B). The lateral cells secrete the cutiile
which lines the follicle. The number of provisional setae
secreted by a setal sac may approach 40 in the compe tent
larva. The setal sacs are also responsible for the
secretion of the primary opercular paleae found in the
competent larva and newly metamorphosed juvaéiles_ Large
vacuoles begin to appear laterally and basally within the
sacs in the 5 day trochophore and cantinge to increase in

size and number throughout the larval life (Figs. 19D, 20).

The function of these large vacuoles is unknown. The .

provisional setae are composed of chitin and in histologi-
cal and TEM sections, numerous parallel longitudinal
channels can be detected extending the entire length of the
setae (Fig. 21B). *

Located on the dorsal surface of the me tatrochophore
with tentacle buds are the devefloping parapodial and
uncinigerous lobes. Within the cavities of these lobes

are clusters of undifferentiated cells which, presumably,
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will give rise to the!chaetabiast cells (Pig. 19C). These
cells will secrete the parapodial setae and uncini. In the
competent larva, the chaetoblast eelis can be detected
basally within the pafapediél lobes (Fig. lgﬁ)i Lateral
accessory cells can be seen lining the follicles in which

the setae lie. Within the uncinigerous lobes, the

The muscles associated with these lobes are deseribeé‘in

the section on the muscle system as are the .muscles of the

Muécles can first be identified in one micrometer
sections of the 3.5 day trochophore. They appear as thin
bun%les of muscle fibers located on the lateral and basal
surfaces of the setal sacs (Fig. 22A). These muscles are
referred to as the setal sac muscles, They connect to a
thin band of muscle situateé anteriorly to the setal sacs,
the prototrochal muscle (Fig. 22B). The prototrochal
muscle axtendstar@und the circumference of the larva direct-
ly below the prototrochal cells. There is a medial branch
of this muscle located ventrally at the level of the
developing vacuolated stomach cells, which extends across
the larva to connect to the prototrochal cells and to the
setal sac ﬁusculaturai

In the 5 day trochophore there is a thin band of

muscle fibers arising from the apical end of the esophagus
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which extends along the lateral surfaces Qf the ésaphagus
to insert on the medial branch of she prototrochal muscle
(Fig. 22C). The medial branch of the prototrochal muscle
insert;’into the setal sac muscles which have undergone
hypertrophy (Figs. 22C, 25A). The setal 8ac muscles now
form a muscular capsule around the internal surfaces of
the setal éacs (Pigs. 20, 254). Extending dorsally below
the epidermis is a branch of the setal sac musculature
which appears to insert cnfa the epidermis at the posterior
end of the hyposphere. This appears gg be a developing
branch of the dorsal longitudinal muscle which is present
in the metatrochophore with tentacle buds.

There is continued hypertrophy of the larval muscula-
ture in the 12 day trochophore and metatrochophore. In the
me tatrochophore with tentacle puds, 8ituated above the
esophagus, is the Supraesophageal muscle which consists of
approximately 2 parallel branches (Figs. 22D, 23A). fThese
branches extend across the antero-ventral surface of the
episphere to insert onto the lateral epithelium g& the
episphere. Arising from the supraesophageal muscle are the
longitudinal muscles. These muscles are composed of
approximately 5 bundles of muscle fibers which extend along
the lateral surfaces of the esophagus. Located within the
mesenteries associated with these muscles are the circum-
esophageal blood vessels (Fig. 40A). Also arising from the
supraesophageal muscle are the lateral muscles of the

episphere which lie below the lateral epithelium of the
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episphere to insert onto the Seta;'sgg musculature (Pig; 23B).
The setal sac muscles are composed of numerous bundles of
muscle fibers which form a capsule around the sacs (Figs.
22D, 23A,C). The proximal ends of the provisional setae
appear to insert into the setal sac,muscles. Arising from
the setal sac muscles are muscles which insert ventrally
onto the longitudinal muscles and medially onto the sides
of the esophagus (Fig. 23A). Extending from the proto-
trochal cells is the medial branch of the prototrochal
muscle which inserts onto the sides of the esophagus
pcsteriorAta the setal sac branch (Fig. 23C). The longi tu-
dinal muscles become progressively thinner as they come to
lie below the epidermis in the region of the trunk. This
is due to the fewer number of muscle fibers present in this
area. Circular muscles of the body wall cannot be detected
at this time. '

In the competent larva, the larval musculature is fully
developed and there has been considerable hypertrophy of the
elements comprising the muscle system. The supraesophageal
muscle consists of two large bundles of muscle fibvers
located medially within the episphere (Fig. 23D). Arising
from this muscle are the longitudinal muscles and the lateral
epispheral muscles (Pig. 23D). The longitudinal muscles
gxténd laterally along the sides of the esophagus and come
to 1ie below the epidermis in the trunk region (Pigs. 23D,

" 38C). The number of bundlds of muscle fibers comprising the

longitudinal muscles has incr™ased and these muscles now give
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off branches into the parapodia of the parathoricic
region and into the‘uncinigerous lobes of the abdominal-
segments. In cross section, the muscle bundles of the
dorsal longitudinal muscles appear to be larger than those C
of the ventral muscles (Fig. 24C). Arising from the
pro;;trochal cells in the episphere are the muscle bundles
of the medial prototrochal muscle which extend to the sides
of the esophagus in the region of the esophageal-stomach
Junction (Pig. 24B). Projecting from the posterior |
surface of the setal sacs are muscle bundles that extend
medially across the larva to the longitudinal muscles and
to the sides of the esophagus in the region of the
esophageal-stomach junction (Fig. 24A). Arising from these
medially located muscles are branches that extend onto the
dorsal and ventral surfaces of the stomach in the region of ¢
the subesophageal ganglion. The circular muscles can be
detec;ed as a thin band of muscle lying between the
epidermis and the longitudinal muscles in the trunk region
(Fig. 24D). The muscles of the tentacles will be described
in the section on the larval tentacles.
Coelom 4

The coelom appears to be formed between 3.5 and § days
by a splitting of the lateral mesoderm (Fig. 25A). A
peritoneal membrane is not evident at the light microscopic
level ; however. TEM obsefvations on the 5 day trochophore

show the presence of a thin peritoneal membrane lining the



cdelomic cavity (Fig. 25B). This coelomic cavity extends
from the mest anterior partiéﬁ of the episphere to the end
of the hyposphere. Concentrated at the posterior end of
the hyposphere are the przéumptive mesodermal cells (Figs,
22C, 25A). These cells may be involved in the formation
of the segmental coelomic cavities in the later larval
stages. These cells appear to be present throughout larval
life. , |
The éoclon consists GI'E.EinglE cavity until the
metatrochophore with tentacle buds. At this stage segment-
al coelomic cavities, corresponding to the extefnal
segmentation of the larva, appear to be’ierming (Fig. 25C).
The coelom thus consists of an anterior coelomic cavity and
the segmental coelomic cavities sepgrateé by thin segmental
septa (Fig. 25D). Within the competent larva, it is
difficult to distinguish the coelomic cavities due to the
enlargement of the vacuolated cells of the stomach and the
presence of the parathoracic gland cglls. Coelomocytes are

not odbserved within the coelomic cavities of any larval

stage.

imentary Tract

The method and timing of gastrulation cannot clearly be
determined using one micrometer sections. As there 1is no
invagination occurring,.it would appear that gastrulation
occurs by an inward epibolic movement of the presumptive

endodermal cells. This method of gastrulation has previous-



ly been reported for those polychaete species in which the

blastu;a contains a few large, yolky, presumptive midgut cells

and no blastocoel (Anderson, 1966). Gastrulation may
have occurred prior to the 18 hour Pretrachcphére‘as the
presumptive midgut and stomadeal cells cannot be
distinguished.

The presumptive endodermal cells apparently divide to
give rise to the esophagus and stomach of the larva. A
- small indentation which may represent the developing
stomodeal invagination can be seen pcstera—ventraliy in
the 18 hour pretrochophore (Fig. 26A).

The developing alimentary tract can first be distingui
-shed internally in the 23 hour trochophore. The developing
esophagus_appears as an anteriorly located ring of cells
surrounding a ciliated lumen (Fig. 26B). Lying adjacent
to the esophagus are the ectodermal cells and the mesoderm-
al cells. The cells of the esophagus are irregular té
cuboidal in shape and stain-lightly with Richardson's
stain. Each of the cells bears several cilia which extend
into the esophageal lumen. A thin cuticle lines the
surface of the lumen. One of the postero-lateral cells of
fhe esophagus is Rych larger than the other cells of the
esophagus and extends into the region of the developing .
stomach. The stomach appears as a thin lumen developing
within the cells of the hyposphere (Pig. 26B). These
presumptive stomach cells appear to be undergoing cilio-

genesis., A cuticle is not evident within the region of the
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develéping'stomach. The cells of the stomach eéﬁtgiﬂ two
types of lipid droplets as seen in the 18 hour pretrocho-
phdrea . .

By 46 hours, the developing gut can be observed
externally. The esophagus consists of ciliated columnar
cells which appear to be connected to the stomodeal
invagination which has now become ciliated (Fig. 26C).

Lipid droplets appear—%o be concentrated in the anterior
esophageal and ectodermal cells (Fig. 26D). The cilia of
the anterior esophageal cells are directed pogteriorly
into the esophageal lumen while those of the posterior
cells are directed anteriorly (Fig. 26D). ,The large
postero-lateral cell of the esophaéus described in the
23 hour trochophore now contains geveral small, spherical
vacuoles. The stomach is composed of columnar cells and .
is»continuoue w@th the esophagus. These cells bear only a
few cilia and the lumen lacks a cuticular lining (Fig. 26D).

(" In the 65 hour trochophore, the columnar esophageal
cells are heavily ciliated and the ciiia densely pack the
lumen of the esophagus (Fig. 27A). Lipid drﬂpléts are abundant
in the anterfor esophageal cells and in the junétiénal area
be tween fhe esébhagus and the ventrak surface of -the . )
stomach (Fig. 27C). The single, large vacuolated cell
found in the postero-lateral portion of the eg&ﬁhagus is
located in the vegkral region of the junction, between the
esophagus and the stomach (Fig. 27B). Th& stomach cells

are columnar in shape and possess few cilia’ (Fig. 27C).



Ey: 5;_5;4 days, the trochophore has begun to feéd and
the éﬁﬁé can now be detected in one micrometer sections.
The alimentary tract is divided into the esophagus and a
prominent stomach (Fig. 27D). There does not appear to be
a demarcation between the stomach and the intestine at this
time. The esophagus has increased in length and consists
of columnar cells laterally and flattened cells anteriorly
(Pig. 27D). The cells are multiciliated and possess pale-
staining nuclei and cytoplasm. The cilia project into the
lumen and form a large central swirl. There is a thick’
cuticular lining of the esophageal lumen and microvilli
extend from the surfices of the cells through the cuticle
(Fig. 173)- These microvilli.persist through the adult
stages. Lipid droplets are concentrated in the aﬁﬁeriar;
esophageal and ectbdermal cells and in the junction between
the stomach and the esophagus. Located ventrally in this
junction are several large cells extending from the
postero-lateral surfaces of the esophagus. These cells
contain large pale-staining nuclei and numerous spherical
vaéuéles (Fig. 36D). These cells are derived from the
postero-lateral esophageal cell in the 23 hour trochophore.
They continue to increase in size and numbef throughout
" the larval life. The cells of the stomach are thick
anteriorly and multiciliated (Fig. 36D). 1In the posterior
- portion of the stomach the cells are thin and flattened.
The cells located in the dorsal regions of the stomach are

lightly ciliated, while those in the ventral regions are
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heavily ciliated (Fig. 36D).

. In the 5 day tfochophore. the stomach and intestine are
demarcated by a septum which extends from the ventral wall -:)
of the alimentary tract (Fig. 28A). The septum consists of
Several flattened,weakly ciliated cells. Ventrally and
laterally, the stomach is composed of thin, flattened, cells
along its entire length. The vacuolated cells now contain
a blue-staining flocculent material within their spherical
vacuoles and possess a border of cilia. and microvilli on
their luminal surfaces (Fig. 30A,B). The concentration of
lipid droplets above the esophagus and in the region of the
vacuolated cells has decreased so that only a few
scattered droplets remain (Fig. 28A). The walls of the
intestine consist of thin,flattened,cells with pale-
staining nuclei and cytoplasm. These cells appear more
heavily ciliated than those found in the lower stomach.

The stomach and intestine are highly differentiated in
the metatrochophore, while the esophagus remains iittle
changed. At the junction between the esophagus and the
stomach, located within the lumen is a dense border of
cilia (Fig. 28B). These cilia extend into the lumen from
the posterior esophageal cells. Ventrally and anteriorly,
the stomach consists of large, thick,vacuolated cells which
contain blue-staining flocculent material within the
spherical vacuoles (Fig. 28C). Each of these cells
bossesses several large vacuoles surrounded by numerous

smaller vacuoles. These smaller vacuoles appear to coalesce
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to form the larger vacuoles. Dorsally the stomach is compris-
ed of flattened, weakly ciliated cells which contain 1arge'
green-staining lipid droplets (Fig. 28C). Also found with-
in these cells are smaller, clear spherical vacuéles which
contain irregularly shaped greenish-blue-staining granules
(Pig. 28D). These vacuoles may contain zymogen granules.
Similar cells are found on the ventral surfaces of the
stomach and in the septum dividing the stomach and the

intestine, __The intestinal cells are much thinner on the

dorsal surface of the intestine than on the ventral surface.

They contain a few lipid droplets and phagocytic vacuoles

(Fig. 37D). The intestinal cells have pale-staining nuclei Y
and cytoplasm and are much more heavily ciliated than those

of the stomach (Fig. 37D).

Throughout the development of the larva, thé esophagus,
stomach and intestine continue to grow. In the metatrocho-
phore with tentacle buds, gland cells are beginning to form
in the lateral surfaces of the esophagus.. A pair of
cuboidal cells containing granules which stain pinkish-
purple have appeared (Fig. 29B). These cells apparently
are precursors of the esophageal glands found in the
competent larva. Two types of cells, other than gland cells,
can be distinguished within the eégphageal epithelium. The
first type which lines fhe lumen contains a pale-staining
nucleus and cytoplasm (Fig. 29A). The second type of cell
is found 1aterallj and contains a dark-staining nucleus and

cytoplasm (Fig. 29A). The vacuolated cells of the ventral
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and anterior partian; of the stomach continue to increase
in size due to an increase in the number of vacuoles within
each cell. The nuclei of these cells now stain dark blue
instead of pale blue as seen in the earlier stages.

The esophagus of the competent larva contains 3 types
of gland cells. Situated laterally and anteriorly, are the
cuboidal cells which contain pink granules (Fig. 38D).
lying ventrally on the apical surface of the esophagus and
in the region of the oral hood fold are gland cells,
irregular in shape, which contain a pink flocculent material
in which are found numerous blue granules (Fig. 29C). The
lumen of the esophagus is -heavily ciliated and the
epithelium is composed of 2 cell types as in the metatrocho-
pPhore with tentacle buds (Fig. 29C). '

The anterior and lateral portions of the stomach are
surrounded by the vacuolated cells which extend along the
ventral surface of fhe stomach (Fig. 29D). These cells
continue to increase in size by the multiplication of the
spherical vacuoles qéntained within. These cells bear
prominent cilia which extend into the lumen of the stomach.
Within a short distance of these vacuolated cells the
stomach consists of thin,flattened, epithelial cells.

These cells are weakly ciliated and contain pale-staining
nuclei and cytoplasm which contains numerous siall blue
granules which are presumptive zymogen granules. The
stomach cells also contain lipid droplets (Fig. 33D).

The intestine is composed of flattened cells with pale-
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staining nuclei and cytoplasm (Fig. 29D). Within these
cells are a few large lipid droplets. The intestinal
cells are more heavily ciliated than those of the lower

[ ]
stomach particularly in the region of the anus.

Nervous System
The fully developed larval nervous system consists ofi

a cerebral ganglion, circumesophageal commissures, venfral
ganglia, a subesophageal ganglion and paired ventral nerve
cords.

The ceredbral ganglion, or brain. first appears in the
12 day trochophore larva. It is located dorsally in the
episphere directly above the esophagus and lies in close
asgsociation with the epidermal cells. The neuropile of the
ganglion can be distinguished as a thin band of i{toplasmic
filaments which lie ventrally to the nuclei of the nerve
cell bodies and the apical epidermal cells (Pig. 31A). The
nuclei of the nerve cell bodies and the apical epidermal
cells cannot be distinguished from one another at this point.
Processes of the neuropile extend amongst the nuclei tovlie
" directly below the apical epithelium.

In the metatrochophore the neuropile has increased in
size due to an increase in the nerve fibers and extends
along the sides of the episphere to the level of the
peripheral mucoid glands (Fig. 31C). There are a few
scattered nuclei embedded within the qeuropile. it is now

bilobed and it is surrounded by a layer of nerve cell bodies
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on the anterior surface. The eyespots are developing by the
invagination of the ectoderm to form pigment cup
Photoreceptors, however, they are not embedded within the
‘cerebral ganglion but lie peripherally to it on either
side of the episphere (Fig. 31D). The eyespots are
surrouhded by the apical epidermal cells and no distinct
optic nerves can be detected connecting them to the gang-
lion at this stage. ' |

Lying on the ventral surface of the esophagus are the
dorsal roots of the circumesophageal commissure (Fig. 31B).
They appear as thin, naked nerve processes lying on either
side of the esophagus. fhe commissures do not appear to be
connected to the cerebral ganglion., Distally they connect
into the spheroid ventral ganglia which lie posterg;
ventral to the esophagus. The ventral ganglia are écmpesed
of avcentral neuropile surrounded by a few scattered nerve
cell bodies. Lying within the neuropiles are purple-stain-
ing granules of unknown function. The ventral roots of the
circumesophageal commissure lie below the epidermis and
extend from the region of the prototroch to the ventral
ganglia (Fig. 31D). They are thin unsheathed tracts of
nerve fibers which do not connect to the cerebral ganglion.
The subesophageal ganglion lies ventrally between the \
esophagus and stomach and connects the two ventral ganglia
(Fig. 31B). It is composed of a central neuropile
surrounded by a thick laya; of nerve cell bodies,

In the metatrochophore with tentacle buds and the

Y



competent larva there is écnsidefsble enlargement of the
Cerebral ganglion due to an increase in the number of
nerve fibers in the neuropile (Pigs. 32A,D, 33B). The
eyespots are well defined with the pigméﬁt granules
organized into a concave cup which is diregtﬁa antero-
dorsally. The eyespots are embedded within the nerve cell
bodies of the cerebral ganglion and thin strands of nerve
fibers can detected running into the base of the eye-
spots (Fig. 33A). Similar fibers can be seen runni?g to
the apical sensory cilia (Fig. 33A).

The dorsal and ventral roots of the circumesophageal
cammiESurgs are now connected antero-ventrally by thin
processes which run along the muscles of the episphere .
(Pigs. 32a, 33B,C). The subesophageal ganglion has enlarg-
ed and running posteriprly from the ventral ganglia are the
ventral nerve cords (Figs. 32A,B, 33C). They lie on either
side of the neurotroch and consist of a central neuropile

surrounded by nerve cell bodies (Fig. 33D).

Circulatory System

The fully developed larval circulatory system consists

of a supraesophageal vessel, circumesophageal vessels, a
dorsal blood vessel leading to a dorsal blood sinus, and a
venitral vessel leading into a ventral blood sinus.

Forming blood vessels of the circulatory system are
seen in the metatrochophore. The supraesophageal vessel

appears in the episphere dorsally as a small veséel lying

of
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directly posterior to the cerebral ganglion (Pig. 3%A).'

It consists of a small lumen surrcunded by the apposed
surfaces of the =zupraesophageal mesentery. The two circum-
esophageal vessels appear as small lumen within the
mesenteries extending from the sides of the esophagus

(Fig; J4A). They originate by a separation of the apposed
surfaces of the mesenteries (Fig. 35A). Associated with

the mesenteries which form the blood vessels are 1 to 2
prominent nuclei which.face away from the lumen of the
vessels (Fig. 35A). This positioning of the nuclei is common
to all vessels derived from the mesenteries in this and sater
stage larvae.

In the metatrochophore with tentacle buds and the '
competent larva, the supraesophageal and circumesophageal
vessels are very prominent. The supraesophageal vessel
is composed of a large lumen surrounded by a thin
membrane derived from the supraesbphageal mesentery
(Fig. 34B). This vessel extends over the dorsal surface of
the cerebral ganglion and appears to connect to the postero-
dorsal surface of the cerebral ganglion and the dorsal blood
vessel. The blood vessels of the tentacles will be
described in the section on the tentacles. The circum-
esophageal vessels are found within the mesenteries which
extend from the supraesophageal muscle to the sides of the
esophagus (Figs. 22D, 40A). On the medial-lateral surface
of the esophagus, each of the circumesophageal vessels

contains 2 lumena lying in apposition to each other, while
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on the dorso-lateral and dorso-ventral surfaces of the
esophagus they are composed of a single lumen. It thus
appears that the circumesophageal vessels branch on the
medial-lateral surfaces of the esophagus. The circum-
esophageal vessels do not appear to connect to the dersal
blood vessel.

The dorsal blood vessel is now present and extends
along the dorsal surface of the esophagus a.nk appears to
-arise as a lumen within the dorsal mesentery (Fig. 34C).
The dorsal blood vessel runs into the dorsal blood sinus
which extends dorso-laterally over the entire length of
the gut (Fig. 34D). It originates by a separation of the
mesodermal epithelium from the dorsal and lateral walls of
the gut and consists of aglarge lumen surrounded by the
mesodermal epithelium (Fig. 35B). The ventral blood
vessel is found on the ventro-medial surface of the
posterior portion of the esophagus and the anterior pertion
of the stomach. It consists of a small lumen which was
probably derived from a ;éﬁtral mesentery, as it is
surrounded by a peritoneum extending from the ventral
Eurface of the body wall. The ventral blood vessel appears
to extend into a large ventral blood sinus which extends
over the ventro-medial surface of the gut to the ventro-
lateral surfaces (Fig. 34D). This blood sinus appears
to be derived from the ventral mesodermal epithelium of
the gut. Within all blood vessels and sinuses is found an

acellular plasma.



p—

T T I 3,

The gland cells include the epispheral ‘and pygidial -
mucoid glands and the parathoracic glands.

A unicellular, epidermal mucoid gland is first
observed in the 23 hour trochophore (Fig. 36A). By 46
hours there is a pair of small unicellular mucoid glands
situated in the episphere above the prototrochal cells.
Each gland cell is spherical in shape with a large posterior-
ly located nucleus. Within the cytoplasm are numerous
lipid droplets and a large, pink-staining (Richardson's
stain) reticulate matg}ial; In the 55 hour trochophore,
the cells have increased in size, are more spherical in
shape, and are beginning to lose their lipid droplets.

A pore is present in each cell which extends from theképex
of the vacu;ke to the surface of the cuticle (Figs. 27a,
36B). .

A third unicellular epidermél mucoid gland arises on
the antero-ventral gurface of the episphere in the 3.5 éay
trochophore (Fig. jéE)- It is larger than the 2 lateral
mucoid glands and appears as a laterally compressed cell
extending across thefapical surface of the episphere (Fig.
36C,D). The cell is covered by a thin epithelium on the.
apical surface and contains a small postero-laterally
located nucleus. The pink—staining reticulate material is
located within a large thin-walled vacuéle. At the fine
structural level, the mucoid secretion is composed of a

fibrillar material (Fig. 39A,B).
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In the 12 day trochophore, the mucoid glands of the
antero-lateral surfaces of the episphere appear as either
;fattened-cells. small irregular shaped spheres, or as
large spherical cells (Fig. 37A,B). The nuclei of these
unicellular mucoid cells are small and are usually lateral-
ly displaced. The mucvid material is contained within large
vgeualés surrounded by thin walls. Pores can be detected
which connect the vacuoles to the outer surfaces of the

episphere (Fig. 37A). Mucoid glands are apparent in the

postere-vermtrdl portion of the elongating hyposphere ‘
(Pig. 37B). TN

to the mucoid g€lands of the episphere.

’glands appear morphologically identical

.The unicellular mucoid glands extend over the entire
ventral and lateral surfaces of the episphere in the
metatrochophore (Fig. 37C). They lle ad jacent to one
annther and are the major cell type comprising the
ep;thellum of the episphere. These unicellular g€lands are
spherical to irregular in shape with basally located nuclei
and large vacuoles containirig the reticulate mucoid
substance. The vacuoles are bound laterally and apically
by thin walls which separate the vacuoles from those of the
ad jacent cells. Scattered over the surfacé of the episphere
between the apical ends of the mucoid cells, are small
loculated gland cells (Fig. 37C). These cells contain
numerous, small, clear, locules within the cytoplasm.
Located basally below these locules are scattered black

pigment granules (Fig. 37C).



Mucoid glands are also present on the ventral and
lateral surfaces of the Pygidium directly below the
telotroch (Fig. 37D). These glands are identicgl to those
of the episphere. Lying amongst these cells are small

loculated cells very similar to those found in the episphe-’

re (FPig. 37D).
Differentiation of the glands of the parathoracic
region has begun in the me tatrochophore with tentacle buds,
The various types of gland cells presént at this time are
assigned letters that correspond to the fully-developed
parathoracic gland cells found in%%he competent larva.
Located on the ventral paraf@prgcic SurflE;>iﬁg¥ﬁ§ region
of the ventral longitudinal musclts are glard eellé which
" contain purple and blue-staininé granules (Fig. 32C).
These gland-cells will develop into gland cell types A and
B of the parathoracic éegian of the competent larva.
Located above these gland cells are other gland ‘cells which

contain a pink-staining flocculent material (Fig. 32C).

These gland cells will be referred to as type C gland cells.

Within the pygidial region, the number of mucoid glands has
increased so that belew the telatrech there are numerous
spherical gland cells cantaining the reticulate material,
Five distinct types of gland cells, designated A to E,
can be found in the parathoracic region of the competent

larva based on their morphology and staining properties.

The cell types are summarized in Table 2. Located medially

surrounding the stomach and intestine are types A and B
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(Pig. 38B). Type A is the most conspicuous gland type of
the parathoracic region and contains large, pinkish-
staiging. spherical granules approximately 4 um in dia-
meter which bear a triradiate mark (Fig. 38B). Gland cells
of type B are found iﬁéngst cell tfpe A, as well as. being
located laterally and mediall;rbelaw the parathoracic
epithelium. Type B cells are characterized by the presence
. of blue-staining granules ca. 2 um in diameter within their
cytoplasm (Figs. 33D, 38B). Type C gland cells are found
on the ventro-lateral and ventro-medial surfaces of the
pafatharEGic segments as epidermal cells containing either
Qmall pink granules about 0.5 to 1 um in diameter or pink
flocculent material (Fig. 38B,C). Type D glané cells are
found associated ‘with type C cells on the antero-ventral o
and antero-medial surfaces of the parathoracic region
(Fig. 38C). They contain pinkish-gurple granules approx-
imately 1.5 um in diameter. Tyie E gland cells are found
among the epidermal cells in the antero-ventral ﬁarai
thqracic region and contain blue gréﬁulea approximately 2
0.5um in diameter (Fig. 38B).

The building organ is now differentiated at this étagg
as a horseshoe-shaped structure located directly below the
mouth on the ventral surface (Pig. 38C,D). The gland
cells found in this region are columnar in shape and are
types A and B (Fig. 38C,D). There are only 1 to 2 granules
per cell, The pygidium contains loculated gland cells

amongst the numerous mucoid gland cells (Fig. 38A). The



types of gland cells found in the tentacles are descr%bed
: \
below. - ' \

Tenfacles

Rudimentary tentacleg first sppear in the metatro-

. cho?hdée with tentacle buds, approximately'four and one-

"half weeks after fertilization. These tentacles are very

;short with a developing ciliary tfact located on their
ventrai surfaces (Fig. 9C). The cells of the ventral
surface are cuboidal in’shape and are multiciliated. Only
one type of gland cell, type D, is %resent and it contains
pinkish-purple granules. These cells are located below the
other epidermal cells in the conyective tissue of the
tentacles. There is no evidence to suggest that pores
extend from these gland cells to the surface of the tentaclés.
Cﬁromatophoros_containing pigment granules are scattered
aﬁongst the epithelial cells on the dorsal surface (Fig. 40A).

Within the center of th§ tentacles ;uns‘a bundle of
longitudinal muscle fibers surrounded by connective tissue. -
At the base of the tentacles, the longitudinal muscle fibers
appear to connect to the supraesophageal muscle and to the
sides of the esophagus via thin muscle fibers (Fig. 40A).

?ho tentacles of the coantont larva measure approx-
imately’ 150 um in length. As described aboxé. the ventral
surface has a ciliated tract running along its entire
length (Pig. 11A). The cells comprising the qiliary tract
are cuboidal in shape and possess many more cilia per cell

-



than the same cells found in the rudimentary tentacles
(Fig. 40B). Chromatophores containing pigment granules are
scattered among the. dorsal epidermal cells. Both type

C and E gland cells are found if the epidermis of the
tentacles (Fig. 40B). They are found on the dorsal surface
and sides of the tentacles. The distal ends of these cells
extend into the connective tissue of the tentacles and from

their proximal ends extend pores between the other epidermal

cells. Unicellular mucoid glands are . occasionally found on

the dorsal surfaces of the tentacles.

Located on the dorsal surface of the tentacles are
presumptive, multiciliated sensory cells (Fig. 40B). These
cells usually possess 4 to 6 cilia per cell and their
distal ends extend into the connective tissue of. the tenta-
cles. Presumably nerve fibers run through the connective
tissue, however, they cannot be resolved at the light micro-
scopic level. !

Extending ﬁngth of the tentacles are longitudinal
muscle fibers (Fig. QOC). These muscle fibers form a
central core in the distal ends of the tentacles. At the
proximal end of the tentacle, there is now a central é;vity
lined by a thin peritoneum. Within the central cavity lie
two distinct coelomic cavities separated by a double
peritoneal membrane (Fig. 40D). Following the terminology
of Orrhage (1978) for the palps of adult sabellariids, the
coelomic cavities will be called the lateral and the medial

cavities. The coelomic cavities of the tentacles are
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se;iraté from the coelomic cavity of the body. Between
the peritoneal membrane dividing the lateral and medial
cavities lies a blood vessel (Fig. 40D). A ring of
muscle sufréunds the central cavity and longitudinal
muscles insert on its dorsal and ventral coelomic surfaces
(Fig. 40D). At the base of the tentacles, the ring
muscle connects to the prominent supraesophageal muscle
and to the longitudinal trunk muscles situated on either

side of the esophagus (Fig. 40A).
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C. SETTLEMENT AND METAMORPHOSIS

The duration of larval development in Sabellaria
?;gicementarium ranged anywhere from 6.5 to 8.5 weeks. Larvae
- displaying the morphological characteristics of compe tency,

however, delayed metamorphosis for over 2 manthé in the
presence of an appropriate metamorphic stimulus. During
the process of metamorphosis, the Planktonic larva is
transformed into a benthic, sedentary juvenile., This
chapter will present results from the me tamorf§hic induction
experiment and describes the morphological, behavioral,

and histological changes occurring in the larvae during

me tamorphosis,

Induction of Metamorphosis

Results of the experiment designed to test the effect
of different fypes of substrates on the induction of
metamorphosis in the competent larvae are only preliminary.
Sufficient numbers of competent larvae were not available to
run the experiment on a larger scale. The results, how-
ever, are indicative of the observed field distribution.

Table,jrsummari;es the results of the experiment.

After 18 days, 64% of the larvae in the dish containing the
sand from False Bay, San Juan Island had metamorphosed.
Sixty percent of the larvae me tamorphosed in the dish with

the tube sand of §S. cementarium, 50% in the dish with the

tube sand of Phragmatopoma lapidosa, and 32% in the dish




with the tube sand of Indanthrysus ornamentatus. Competent
larvae failed to metamorphose in the control dish.
Throughout the summer of 1980 several hundred
competent larvae were raised in the laboratory, however,
none of the larvae metamorphosed in the cul ture beakers.
This observation is in agreement with the findings in the
experimental control. Results of this experiment suggest

that the larvae of S. cementarium have a low degree of

substrate specificity in the settlement but the presence
of sand is essential.

During the course of this experiment, observations
were made to determine if the larvae would settle individ-
ually or in aggregations. The majority of the larvae were
observed to settle in pairs. When this occurred they
oriepfated their tube openings away from érach other. There
were only two occurrences of what could be interpreted as
gregarious settlement. In the dish containing sand of
1. ornamentatus 4 larvae settled in close proximity to
each other (Fig. 41), while in the dish with the sand from

apidosa 5 larvae settled together (Fig. 42).

Morphology and Behavigr of the Me tamorphosing Larvae

The metamorphosing larva measures approximately 350 im

in length and is characterized by the anterior rotation of
the dorsal tentacles (Fig. 6éD). The tentacles are thus
parallel with the substrate and the ciliated tracts on

their ventral surfaces lead directly into the mouth. The
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tentacles are very contractile and are capable of e;teﬁdigg
to lengths equal to that of the body of the larva. The 3
episphere, now called the préstcéium (Eckelbarger, 1975)
undergoes a reduction in size and its anterior end becomes
ellipsoid in shape (Fig. éD). The eyes have migrated
closer together on the dorsal surface of the prostomium

and the oral hood fold surrounding the mouth is nt longer
dvident (Fig. 6D). The majority of the prototrochal cilia
are lost so that only a few scattered cilia remain on the
pPosterior margin of the prostomium,

As the provisional setae are lost, the settling paleae
became evident. The setal sacs originally face laterally,
however, they eventually rotate anteriorly so that the
paleae come to lie between the tentacles (Fig. 53A,B).

At this time the opercular cirri also rotate anteriorly so
that they lie on the outside of the paleae. The setal sacs
and the opercular cirri are now collectively re{erred to

as the opercular peduncles (Eckelbarger, 1978). There .are
approximately 6 pairs of settling paleae which eventually
will be replaced by the pPrimary juvenile paleae (Fig. 53B).
On the ventral surface of the animal, directly below the
mouth, the building organ has enlarged ta'beeame a
prominent horseshoe-shaped stﬁrctur- (Pigs. 6D, S3A). "The
larval pigmentation is still apparent on the dorsal

surface of the prostomium. The trunk is divided into 1
thoracic segment, 3 parathoracic segments, 3 abdominal
segments, and a pygidium (F%gs. €D, 534). The segments are

R



delineated on the dorsal surface of the animal by the bands
of larval pigmentation. -

Due to the reduction in the number of prototrochal
cilia the metamorphosing larva is no longer able to swim.
It crawls over the substrate employing its tentacles, body
segments, and telotroch for locomotion. The pygidium is
capable of bending so that the telotroch is raised above
the substrate, thus providing the propulsive thrust with
its cilia. The ventral ciliation of the tentacles and the
undulations of the body also aid in'crawling. The direction
of movement is determined by tge tentacles.(Fig. 15C). One
of the tentacles extends to its full length while the other
is constricted. The larva moves in the direction of the
extended tentacle. To change direction, the other tentacle
extends and the once extended tentacle becomes retracted.

The larva is constantly testing the substrate during
the process of metamorphosis. The larva is capable of
using its. tentacles to pull sand grains to the building
organ and the mouth where they are rubbed against them.

The sand particles are then re jected posteriorly by the
neurotroch. Often these sand grains are ingested b& the
larva and their passage through the digestive tract of the
larva can be followed.

Following the morphological changes, the larva
constructs a mucoid tube. The tube is attached to the
substrate and completely surrounds the larva. Initially

only the provisional setae are cemented to the tube, but
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the larva soon begins to cement éand grains to it. The
larva uses its tentacles to convey sand gfains to the
building organ where they are cemented to the tube via the
cement from the building organ. Large sand grains are
often grasped by the tentacles and pulled directly to the
'tube., These sand particles are often several times the
g8ize of the body of the Juvenile and appear to be rubbed
against the cfal area before they are transferred to the
outside of the tube.
' The larvae never extend more than one-half of their
body lengths outside of their tubes. They rapidly with-
draw into their tubes in response to vibrations or shadows
and they place a large piece of sand over the tops of the
entrance of their tubes which apparently functions as an
operculum. The larvae only retract far enough into iheir
tubes so they are covered from the top by the opercular
sand grains.

Based upon the observations on several metamarphaéing
larvae, it appears that the initial events of me tamorphosis
take approximately 2 days to complete, culminating in the

formation of the mucoid tube. Metamorphosis is considered

[

to be complete when the caudal appendagé is formed. 1In
S. cementarium this occurs approximately 7 to 10 days after

the initial 8vents of metamorphosis.

Histological Changes During Metamorphosis

To determine the histological changes occurring during



me tamorphosis, serial sections of Juveniles of approximately

one, two and three days post-settlement were prepared and

they were compared with the sections of the competent larvae.

The one day post-settled juvenile displayed the external
morphological changes characteristic of metamorphosis,
however, a tube had not yetl been secreted. The two and

) three day post-settled Juveniles both possessed a mucoid
tube, however, only the three day juvenile had begun to
cement sand grains to the tube. The structures to be
examined are as follows: body wall, muscle system, coelom,
alimentary tract, nervous system, and gland cells. Table &
summarizes the h}stélagical changes that occur during

metamorphosis.

The following structures were examined in the body
walls of the post-settled Juveniles: cuticle, epidermis,
and setal sacs,

1) Cuticle;

No changes are observed in the cuticle of the first and
second day post-settled juveniles. The cuticle appears to
be identical to those of the larval stages. In the two
day post-settled juvenile, a thin cuticle can be observed
overlying the fegians of glandular discharge within the
pParathoracic region (Fig. 43A). This cuticle is secreted ..
by a thin epithelium lying directly above the longitudinal

muscles on the dorsal and ventral surfaces of the animal.
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It is not known whether or not the cuticle is secreted

before the glands diseharged or immediately after they
discharged. By three days post-settlement, the cuticle

e

has increased in thicknesgs particularly in the prostomial
and parathoracic fsgians; It appears to be composed of two
layers. The outer layer is a thin dark-staining layer and
situated below it is a thicker layer whiéh stained lightly.
(Fig. 43B). The cuticle is wrinkled in the prostomial and
Parathoracic regions and has separated awday from the undér%
lying epidermal cells (Fig. 47D). Presumably, this is a
fixation artifact. The cuticle of the adult appears
similar in that it also consists of a darkly-staining

layer lying above a lighter staining inner 1dyer (Fig. 52A).
1i) Epidermis:

The epider@is of the first and second day post-settled
juveniles is sigilar to that of the competent larva. The
epldermis consists of a simple squamous epithelium,
particularly in the gggians of the stomach and intestine
(Figs. 48BA, 51C). Thé epidermal cells continue to flatten
and lengthen while the juvenile becomes thin and vermiform
(Fig. 47C). By 2 days post-settlement, scattered, spherical,
epidermal mucoid gells are appearing within the prostomium.
The mucoid cells contain basally located nuclel and apical
spherical vacuoles filled with non-reticulate mucoid
substances (Fig. 44D). By 3 days post-settlement these
- mucoid cells are present along the dorsal, latéral, and °

ventral surfaces of the prostomial and parathoracic regions
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(Figs. 44D, 47C,D). They represent the majar cell type
found within the epidermis of the antérior region of tﬁe
juvenile. It is not known if these mucoid cells are
retained throughout the life of the juvenile nor is their )
function known. There are, however, numerous g€land cellsi
within the epidermis of the adult (Fig. 52A).

The p;ototrochal and telotrochal cells are identical-
tg those of the competent larva in the first day of post- -
settlement except for the reduction in the amount of
ciliation (Fig. 44A). During the second day the prototrochal
cells are reduced to sparsa;y ciliated, flattened cells
(Fig. 44B), and in the thlrd day the prototrochal cells are
no longer distinguishable (Fig. 44D). Presumably they are
résorbed rather than shed. The telotrochal cells are
gradually decreasing in size but are still recognizable in-
the three day post-settled juvenile (Fig. 44C).

iii) Setal Sacs:

During the first day of settlement the setal sacs
rotate anteriorly, the provisional setae are shed, and the
settling paleae become apparent. Histologically, the setal
sacs dppear.similar to those of the competent larva (Fig.
45A). By the second and third days of post-settlement the
| setal sacs have undergone histolysis (Figs. 45B,C). They
have decreased in diameter from 70 um to about 45 ym. The
lateral and basal vacuoles of the setal sacs have disappear-
ed and there has been a reduction in the number of chaeto-

$
blast and lateral cells. The chaetoblast cells that secrete



the settling and primary paleae are located basally within
the sacs, and the lateral cells line the follicles in which
the paleae 1ie (Figs. 45B,C). Histological sections show
that the se%tling Paleae are composed of parallel long-
itudinal channels (Pig. 45A). fThe setal sacs of the
uncinigerous and pParapodial lobes did not undergo histologi-
cal changes at metémar;hasis (Fig. 45D), The changes which
occurred in the setal sac musculature at metamorphosis will
be described in the following section.
Mugclé‘Exstem )

There is considerable reorganization of the muscles
within the developing prostomium during metamorphosis while
the trunk musculature remains relatively uﬁe%anged. In the
first day of pgstssgxtlement. the setal sac-esophageal
muscle complex appears disorientated and is undergoing
histolysis. The once prominent supraesophageal muscle
remains now as a thin broken band of fibers which is no
longer connected to the setal sac muscles (Fig. 46B). The
setal sac muscles 8till form a muscular capsule around the
internal surfaces of the setal sacs, however, the anterior
and medial connections of the setal 8ac muscles to the
esophagus and to the longitudinal muscles appear as broken
bundles of fibers (Fig. 46C). fhe medial branch of %hg
prototrochal muscle, which once inserted on the esophageal-
stomach junction, is no longer distinguishable (Fig. 46A).

The setal sacs are still connected to the longitudinal
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muscles by a thin posterior branch. The longitudinal
muscles run along the dorsal and ventral surfaces of the
juvenile, extending from the region of the setal sacs to the
Pygidial region (Pig. 46D). Branches of the dorsal lgngitudi—
nal muscle project into the parapodial and uncinigerous
lobes of the trunk. .

There is continued histolysis of the setal séga
esophageal muscle complex and by the third day no trace of
the supraesophageal muscle 15 found (Figs. #7A.D3;m The

setal sac muscles are greatly reduced and hey fdrm a thin

muscular layer surrounding the internal surfaces of the

setal sac in the two day pdst-settled juvenile (Fig. 47B).

By the third day they are barely visible in one micrometer
sections (Pig. 47C). There are no traces of the anterior and
medial connections of setal sacs to the longitudinal muscles,
however, the pasteriar'cannactian to the longitudinal
muscles is retained (Figs. 47B,C). The dorsal and long-
itudinal muscles give off branches into tﬁe regions of the
segmental septa which are connected to tHé muscles of the
*Zliméﬁtary tract (Figs. h?C D). The eifgular muscles of the
body wall are retained as thin bands of muscles between the

epidermis and longitudinal muscles.

Coelom
At metamorphosis a coelomic cavity, the head coelom,
is formed within the developing prostomium (Fig. 43C). 1t

appears as a long narrow cavity situated directly anterior



. %0 the cerebral ganglion in the antero-dorsal and antero-
medial portions of the prostomium. It originates by a
separation of the cerebral ganglion from the overlying
epidermis. Within the lower portion of the prostomium lies
a large coelomic cavity which is the remnant of the priiiry
larval coelomic cavity (Pig. 43C). Located within the trunk
are %he segmental coelomic cavities. Thin septa which arise
from the peritoneal membrane lying against tne .ongitudinal
muscles separate the segmental coelomic cavit:es Hithin
the pygidium lies a large c@elcmic cavity which presumably
will form the coelom of %he caudal appendage of the older
juveniles and adults (Fig. 43D). |

The organs of the alimentary tract are retained during
iatamﬁrphasis; haiéver. the esophagus and stomach uﬁaerga
modification. During the reorganization of the larval
episphere into the prostomium, the antero-ventral glands
of the esophagus, which contain a pink flocculent material,
are discharged as are the glgnd cells containing pink-
staining gfnnules which are located aplenlly\;nd laterally
within the esophageal epithelium (Pig. 48A). Only the
gland cells with the purple-staining granules are retained
and they are now scarce (Pig. 48A). In the competent larva
the esophageal epithelium is composed of 2 cell types, how-
ever, by the second and third days of pﬁ:t—scttljiint only
the dark-staining cells are prominent within the esophagus
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(Pigs 4BC,D). The light-staining cells are scarce.
By the second day of post-settlement the vacuolated
cells of the stomach have undergone hypertr9§h¥ (Fig. 49A).

The vacuoles have increased in size several times compared

.-to those of the one day post-settled juvenile (Pig. QEE)

Associated with the hypertraphy is a proliferation of the
lipid droplets and presumptive zymogen granules within té!
vacuélated cells and the other cells of the stomach (Fig.
49A)- v?fgsumably the 1lipid droplets provide the nutrition
for thEKSBQBEii% while the stomach is being re;rginized%

In st three day pcat—settled Juvenile, the vacuolated cells
of the stomach obliterate the lumen of the stomach and they
have begun to dissociate (Fig. 49C). Phagocytic cells
containing nuperous presumptive zymogen grnnuies and the
cytoplamicét&nts of the vacuolated stomach cells are
becoming apparerdt within the stomach epithelium. Within

the intestinal lumen are found dissociated vacuclated cells

-and phagocytit cells (Fig. 49C,D). Also located within the
- intestine are numerous zymogen ;ranﬁles and cytoplasmic

tontents of cells which are presumably discharged from the

dissociating vacuolated cells. Within the lumen of the

esophagus and also in the. intestine are found sphérical

., mucoid cells from the epidermal epithelium (Fig. 49D).

Presumably they ate ingested by the Juvenile but E@w they
are released from the epidermis is not known. Vacuolated
stomach cells are not apparent within the alimentary tracts

of adults so it is assumed that they are completely lost
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durdng méfgmarphasis (Fig. 52B). No morphological changes
are noted in the intestine during metamorphosis. R

Nervous System
The juvenile nervous system consists of a cerebral
ganglion, circumesophageal commissures, a subesophageal gang-

lion, ventral ganglia, and paired ventral nerve cords.
These ganglia are present in the competent larva and are
the major campenent3 gf the adult nervous system as
described by Orrhage (1978).

In the one day post-settled juvenile thé bilobed
cerebral ganglion has increased in size due to an incréase
in the number of nerve fibers within the neuropile (Fig.
50A). It occupies a medial position within the prostomium
directly below the coelomic cavity. Four prominent optic
ganglia are present for the first time and they connect the
four eyespots to the cerebral gﬁﬁéiign (Fig. 50A). The
eyespots are simple ocelli and resemble those described for
A:mand%g brevis (Hermans and Cloney, 1966; Hermans, 1969)
and the trochophores of Harmothoe imbricata (Holborow and
Laverack, 1972). The ocelli appear to be of the microvillar
(rhabdomeric) type af phctar%gePtar (Flg 504). They!are
composed of a concave shaggﬁ pigment cell which faces
mtem-darsally and a mi€rovillar receptor cell lies within
the pigmént cup. The presumptive microvilli of the receptor
cell appear as pale-staining cytaplninic filaments lying
against the granules of the pigment cell. The optic ganglia



lead directly into the receptor cells.

The other ganglia have undergone considerable enlarge-"
ment during metamorphosis and some have shifted in position
due to ezgnges within the prostomium. The dorsal and *
ventral roots of the circumesophageal commissures appear to
have shortened and have undergone considerable enlargemen?
as a result of the increase in the number of nerve fibers
(Fig. 50B). They have shifted anteriorly and lie close to
the ventral epidermis. The ventral ganglia lie directly
below the building organ on either Eide.af the esophagus
and are connec ted to each other by a subesophageal génglicn
(Fig. 50C). The paired ventral nerve cords arise from the
ventral ganglia and extend posteriorly along the ventral
surface of the trunk between the musclas'and the epithelium

(Fig. 50D).

The larval glandular elements undergo considerable
changes at metamorphosis. In the first day of settlement
the apical unicellular mucoid glanis are discharged in
conjunction with th; reorganization of the episphere into
the prostomium (Fig. élA). The lateral mucoid glands of
the episphere are still present within the prostomium,
however, they have undergone internal recrganizéiiun (Fig.
S51A). Within the apical vacuoles of these cells, the
reticulate material is breaking down into irregular-shaped
mucoid droplets. The ﬁﬁicellul;r mucoid glands are being
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ropiacgd by unicellular'laeulated glands which are located
on the apical and lateral surfaces of the prostomium (Fig.
51A). These loculated cells are.columnar in shape and
contain basally located nuclei., Their apical cytoplasm is
filled with numerous locules., The mucoid glands of the
pygidium are also decreasing in number and are being
replaced by the loculated gland cells (Pig. 51B). Assoc-
iated with the increased size of the building organ, is an
increase in the number of gland cells located within it i
(Fig. 50C). No changes are noted within, the parathoracic
g€lands at Fhis time.

By the second day of‘settlément the mucoid cells of the
prostomium are absent and apparently have been replaced by
the unicellular loculated glands (Fig. 47B). Within the K
parathoracic region all five types of gland cells (A-E)
are still present, however, there has been a discharge of
€landular material (Fig. 43A, 51C). Presﬁmably the para-.
thoracic glahd cells are involved in the formation of the
prihary mucoid tube. On the dorsal and ventral  surfaces of
the parathoracic region are located large patches of
glandular discharge which are marked by the collapse of the
epldermal epithelium, so that the epithelium comes to 1ie
over the longitudinal muscles (Fig. 43A). It appears that
gland cell types A and B are the major glands discharged
within these regions.

In the three day post-settled juvenile there is a

reduction in the number of gland cells within the para-

—
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thoracic region. Type A and type B glénd cells are still
present but are greatly reduced in number as compared to

the competent 1arvarand the one day post-settled juvenile
(Pigs. 47C, 51D). Gland cell types C, D, and E are present
but they are very scarce and are restricted to the apical
regions of the parathoracic segments. Within the buildiﬁg
organ the gland cells are very abundant despite the fact‘that
sand grains are now being cemented to the mucoid tube

(Fig. 51D). Within the pygidium the mucoid cells are almost
entirely replaced by the loculated gland cells.

Examination of the adults shows that well-developed
gland cells are present within the building organ (Fig. 52D).
These glands are involved in the cementing of the sand
grains to the tube. Loculated gland cells are not present
within the adult prostomium. Within the body segments of
the adult the parathoracic glands are no longer present
(Fig. 52C). From this observation it can be proposed that
the primary function of the parathoraciec glands is the

secretion of the mucoid tube around the juvenile stages.
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D. DEVELOPMENT OF JUVENILE WORMS '

S Days Post-Settlement

The juvenile is approximately 400 um in length and
possesses a single pair of tentacles which appear corrugat-

ed (Fig. 53C). A second pair of tentacles is beginning to

form posterior to the primary tentacles and they appear as

small outgrowths on the laterfl surfaces of the body
(Fig. 53C). The primary tentacles bear the larval pigmenta-
tien on their dorsal surfaces. Located on the ventral
surfaces of the primary tentacles are glliated food grooves,
and in the regions of the corrugations are stiff cilia
which may be sensory in function (Fig. 53C). There is an
aggregation of blaek pigment granules on the ventral
surface of the prostomium (Fig. 53C). The four eyespots
have migrated closer together so that they are located
medially on the dorsal surfeée of the prostomium. The '
opercular cirri have elongated and are located on either
gide of theéprimary settling paleae (Fig. 53C). There are
two bundles of bargéd settling paleae originating from the
setal sacs.

The body is divided into 1 thoracic segment, 3 para-
thoracic seéments. 3 abdominal segments, and a pygidium.
The larval pigmentation is still apparent on the dorsal
surface of the trunk and delineates the segments (Fig. 53C).
The uncinigerous lobes have elongated and are facing ‘

postero-laterally. The telotroch has disappeared and there
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» is a large reddish-black pigment patch in the region of the
pPygidium (Fig. 53C). The first trace of the developing
caydal appendage is apparent directly posterior to the

Pygidium (Fig. 53C).

[
o
| ‘U‘

ays Post-Settlement

The juvenile measures about 450 um in length and is
characterized by the presence of 3 pairs of tentacles
(Fig. 53D, 54A). The primary pair are the longest and
originate from the larval stage. Situated at the tips of
the primary tentacles are reddish-black pigment spots., A
third pair of tentacles is forming anterior to the primary
tentacles on either side of the operculum (Fig. 53D). A
surfaces of all the tentacles (Fig. S4B). Located i?ﬁthe
corrugations on the primary and second pair of tentacles
are the thick bundles of cilia (Fig. 54B). The sensory
cilia that are formed in the larval stages are still
apparent on tﬂtgdérsal surfaces of the primary tentacles.

The prostomium possesses 2 reddish-black eyespots and
lacks most of the larval pigmentation which was originally
present on the dorsal surface. Nucal spines, while present .
in most other sabellariid species (Eckelbarger, 1978), are
lacking on the dorsal surface of the prostomium in S.
cementarium. The opercular cirri situated on either side
of the operculum have continued to elongate: There are now

three types of paleae present within the setal sacs.” Some



of the long Primary paleae are still pPresent and are
located ventrally w1thin the operculum (Figs. 53D, 55B).
Primary outer paleae are present and form the opercular
cone. Located internally to these outer paleae are the
_ Primary inner paleae (Fig. 55B).

Segmentation of the body can be delineated externally
and no new segments have formed since the competent larva.
Parapodial lobes are now present on the thoracic segments
and are directed laterally (Figs. 53D, 54A). Numerous
tufts of presumptive sensory cilia are seen on the thoracic
segments by SEM examination (Pig. 54C). The abdominal
uncinigérous lobes have greatly elongated and face
laterally (Figs. 53D," 55A). The bands of larval pigment-
ation found on the' dorsal surface of the trunk are begin-
ing to disappear.

Perhaps the most apparent morphologlcal change
occurring in the Juvenile of this stage is the appearance
of the caudal appendage which is achetous and curved
anteriorly (Figs. 53D, 55A). At the Junction between the
abdominal segments and the caudal appendage is located a
Prominent patch of reddish-black chromatophores which
brepresents the last vestige of the pygidiuﬁ.- The stomach
can be detected as two bulbous swellings within the
abdominal segments leading into the intestine which extends
into the caudal appendage (Fig. 53D).

i
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38 Dgxs‘Poét-Setjlggent

The juvenile measures approximately 550 um in length
and bears Ythree pairs of tentacles (FPig. 56A5. The
primary pair are still the longest and are distinguished
by the reddish-black pigment spots located at their tips.
The primary tentacles will form the prostomial palps of
the older juveniles and adults. The second and third pairs
of tentacles have increased in length but remain_QPch
narrower than the primary tentacles (Fig. 56B). The
Juvenile has lost all of the settling paleae (Fig. 56B).
Located™within the setal sacs are the outer, middle and
inner primary paleae which form the operculum (Fig. 56B).

The larval pigmentation on the dorsal surface of the
Juvenile has completely disappeared and the larva appears
light brown in color (Fig. 56A). The body is divided
into 2 thoracic, 3 pdrathoracic, and 3 abdominal segments
(Fig. 56A). The number of setae has increased in the
parapodial lobes of both the parathoracic and thoracic
segments as have the number of uncini within the uncini-
gerous lobes., The pigmentation demarcating the junction
between the third abdominal segment and the caudal
appendage has disappeared. The caudal appendage is
approximately one-quarter to one- third the length of the
body (Fig. s6a). This. is the most advanced stage to which
Juveniles were raised in the laboratory.

A second pair of setal sacs will form in the later

. Sstage juveniles in which more opercular paleae will be i’
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S. cementarium.
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formed. The opercular paleae will continue to be replaced
until the adult dpercular paleae are foymed within the
gacs. No estimate can be made of the replacement rate

or how many sets of juvenile paleae are present in

Eckelbarger (1975) estimates the rate of

replacement of juvenile paleae in S. vulgaris to be from

one to two weeks and presumably the replacement rate for

S. cementarium is similar.



DISCUSSION ’

A. LARVAL DEVELOPMENT AND BEHAVIOR

All members of the family Sabellariidae appear to be
“Polytelic in their reproduction. Clark (1978) defines a
Polytelic species as one that spawns all its gametes in
one batch but survives spawning. Polytelic species
-usually have restricted breeding seasons, however, this
study and that of Winesdorfer {1967) have shown that ripe

gametes are present in Sabellaria cementarium throughout the

year. Does S. cementarium in fact breed year-round? In
light of the assumption by McNulty and Lopez (1969) that

the presence of gametes throughout the year means a ysar-
round breeding season, S. cementarium would be expected to
breed year-round. However, Schraedér and Hermans (1975)
point out that this assumption is invalid, as Wilson (1970b)
has shown that despite the presence of fertilizable

gametes in S. spinulosa throughout the year, it only has

a 3-4 month breeding season. Furthermore, those species
éhgt are known to breed all year are restricted to warm
water areas. It, therefore, is unlikely that S.
cementarium from a cold temperate faunal prcvlnce. as
defined by Briggs (1974), would spawn thraughaut the year.

» It is possible to estimate the season of spawning of

Ita

- cementarium from the work of Bhaud (1972) who Mas

pointed out that the timing of polychaete reproduction is
correlated with latitudinal position; pepul;fians from
cold waters spawn in the summer, while those from warm
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waters tend to spawn in the winter. Bhaud (1972) has

spinulosa populations from

shown that S. alveolata and S.

the Héditgrranean spawn in the winter, while those from
Scandinavian waters spawn in the summer. Curtis (1978)
shows similap patterns for populations of S. vulgaris from
the Atlantic coast of North America. ~Ba;ed on this

information, it is probable that S. cementarium has a

summer breeding season.

In'S. cementarium, the gametes are released through
the nephridial openings of the gamete bearing abdominal
;egﬁents which appear to be cdmmon to all sabellariids
(Waterman, 1934). The sperm of S. cementarium has a
spherical head, which is defined as primitive by Franzgﬁ
(1956). This appears to be the common sperm t&pe for the

bellariidae, however, Phragmatopoma lapidosd and S.

a
floridensis possess a modified sperm with a long tapered
head (Eckelbarger, 1976, 1977). It is interesting that
they have such a sperm  type and yet have retained external
fertilization, as according to Franzén (1956) the
modified sperm type is adapted for internal fertilization.
The oocytes of sabellariids range from:75-105 um in
diameter, based on information given in previous studies,
and the oocytes of S. cementarium fall within this range.
The presence of small eggs in the Sabellariidae is
correlated with tge ;arge’numbgrs of eggs produced and the
long term planktotrophic life histories. The cortical

- reactions and prematuration events in the oocytes of

*
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sabellariids were first described by Novikoff (1937) and
his findings agree with the other species of sabellariids
studied. The time tables of early development of S.
cementarium established by Winesdorfer (1967) and
Strathmann (1974) agree with the findings of the present

study.
Sabellariids are very conservative in their larval

dévelopment as the larvae of S. cement cium closely

resemdble those of P. californica (Eckelbdarger, 1977), P.
lapidosa (Eckelbarger, 1976), S. alveolata (Gazéﬁx. 1964,
Wilson, 1929), S. ishikawai (Wu ana Ruiping, 19?9)§ S.
spinulosa (Wilson, 1929) and S. vulgaris (Eckelbarger,
1975). The only detectable differences are found in the
Pigmentation patterns of the larvae. These similarities

in larval morphology are also paralleled in their adul®
structures. This similarity between species in bcth

larval morphology and adult morphology appears to be common
in polychaetes. For example, in members of the Polydora-
complex of the Spionidae (Day and Blake, 1979) and in the
Spirordbidae (Potswald, 1965), the similarities in larval
morphology are paralleled in their adult morphologies. The
larvae of Lygdamis giardi (wWu and Ruiping, 1979) and L.

muratus (Wﬁlson. 1977) resemble those of Sabellaria and

Phragmatopoma in their early development, however, by the

later larval stages they appear to be very different. They '

possess large oral lip folds which extend around thi_:idi:
of the episphere, thereby increasing the width of the

[ .

o
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episphere. Dales (1952) has proposed an evolutionary
scheme within the Sahellariidae based upon opercular

morphology. According to this scheme, Phra atopoma and

Sabellaria.are more closely related to each other than to
Lxggﬁni . This could possibdbly acca‘.t for the differences
in the larval forms. )

A common occurrence in the culturing of sabellariid
larvae is the aaynchrony in development of the larvae
within the same cultures. Wilson (1968b) and Curtis (1973)
feel that th;s may occur in the field between the larvae of
the same spat‘and they suggest it may be an adaptive
mechanism to ensure tha'possibility of successful settle-
ment. As the larvae presumably depend on currentsnfar their
dispersal, it would be advantageous to have the larvae |
stagger their development so that if they encounter a
suitable site for settlement, some, at least, would be |
able to settle. . | |

The SEM studies by Eckelbarger and Chia (1976) and
Eckelbarger (1978) on the larvae of P. lapidosa h;va=pré-
vided a great deal of information on the e:tgrngl
morphologies of the competent larva and juvanile !t;ggs.
however, the only early developmental stage studied was a
young trochophore. The present study, thus, provides the_
first complete SEM study of larval development in a number
of the Sabellariidae. The SEM photogrnphj of B. |

cementarium are basically a reconfirmation of what hn: bilﬂ'
described at the light microscopic level. - |

Y,
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Glahd pores were first ubserved on the surface of the
episphere of the 23 hZur trechcphare The appearance of the
pores correspond@i th the 1nternal-33velapment of the

coid cells within the E§i§§here. Gland pores are present
on the epispﬁg§§'@f all iarval stages examined, culmiﬁating
-in the raised gléhd pores on the episphere of the campetent
larva, Ralsed glgﬁz!bgres are also present on the pygidium
of the competent larva ;gdﬁrecessed g€land pores are feuﬁd on
thé parathoracic region. The appearance cf these pores
correspondg to the develapment??f glaﬁd cells in the under-
lying reglans of the competent 1érva. Eckelbarger and Chia
(1976) and Eckelbargez (1978) have* observed similar gland
ﬁarﬁg pn the competent larvae of P. lapidosa. The présence

of the gland pores on the .tentacles, however, has not pre-

= i . Ty 4
" viousiy been reported. : .

Eckelbarger (1978) has described the presence of
ciliary sensory tufts on the tént

a‘ygidium » building
irr! and ventral parathoracic

organ, dorsal hump, opercular cir

II? §: Ed

ngentarigg. however, sensary tufts aréifaund only 6n'the
tentacles, pygidium, and ventral parathoracic surfaces.

-]
The sensory tufts of P. lapidosa and S. cementarium
resémble[thcsecdescr;bed for the adult§ of Nereis,

Aphrodite (Dorsett, 1976), Polydora (Rice and Simon, 1980)

and the flatworm Temnocyphala (Williams, 1978). It is

possible that these tufts are either chemoreceptors or

-

mechanoreceptors.
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‘The 1af?aé e% §_keementarigﬁ iﬁitiélly exhibit a neg-
ative geotaxis and become ph@fapcsitive at 12 days of age.
In contrast, the larvae of P. californica (Eckelbarger,
1977), P. lapidosa (Egkelbarge%. 1976), and S. yulgaris;‘
(Eekelbarger.riQ?S) are photopositive throughout their
entire development, while S. i;éfiQEﬁgis exhibits no reac-
. tion to 1ight throughout the entire larval period )
(Eckelbarger, 1977). Eckelbarger (1975) has reported that
the larvae .of S. vulgaris tended to aggregate at the ‘water
1iﬁe‘in the culture vessels nearest the window illumination
as they approached compelency, while a'smallér number of
“larvae tended to aggregate awéﬁ from the light-source. As
the larvae approached the searching phase they wéuld migrate
to the bottom of the culture vessel. The remaining larvae, '
as fﬁey appraaehed competency, would exhibit the same

behavior pattern. This has also been reported to occur in

Lygdamis mu’itus (Wilson, lgfﬁy but has not been gbserved in

S. cementarlum

During the searching phae€, the larvae of S. cement-
arium ﬁeuld apply their tentacles and building organ to the
sand grains, a bghaviaf which is common to all sabellariids.
A behavior not previcusly"eparted for sabellariids is ‘the
iﬂggsticn of sand grains during this period. The larvae of
S. cementarium were also observed to apply the tops of
their epispheres to the substrate and rotate on their g
central axis. After a few seconds the larvae would resume

swimming. This behavior has only previously been reported
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for S. floridensis (Eckelbarger, 1977).\ A behavior of the

larvae of L. muratus (Wilson, 1977) ang, A. ;1criggﬂ§is

(Eckelbarger, 1977), both of which are species found on soft
substrates,sis the burrowing through the sand grains. This

was also observed in the larvae of S. cementarium, however,

« cementarium is found on hard substrates. The reason

(17]

for this behavior is unknown.
Pr*sir:nal setae are found in all sabellariid larvae

and they were flrst thought to serve a defenslﬂsgfunct;an

by Wilson 192?) He stated that small figh would spit out

the 1arvae when they erected their setae. ‘The provisional

setae, by 1ncr2351ng the size of the larvae 2 to 3 fcld
and with the numeraus serrations alang their 1engths. make . /-
© the lafvag difficult to swallow by potential predators. i4?

Ovisional setae are also found in the larvae of the

families Spionidae and Owenidae, where they serve a defens- .
ive‘functién (Fauchald, i??h- Schroeder and Hermans. 1975).
The spionid and owenid provisional setae resemble those of
the sabellarilds in that they have annulaticns along their
length bearing numerous tecthaliké serrations. The
spiani%s. like the sabellariids, have developed grasping
cilié in the telotrochal region to hold the'prcvisianal
setae to the sides of the body while swimming (Hannerz,ts
::}1956; Blake, 1969). The mitraria larva of Owenia, however,
lacks grasping cilia (Wilson, 1932)Q

Besides having a defensive function, Wilson (1929) has

. Suggested that the provisional setae play a suspensory
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rol me.

when the larva stops swimming. For S. cementarium

'this does not appedr to be true, as the larvae were:never '

observed to stop swiﬁmingxand erect their setae unless

\ L

irritated.
Strathmann et al. (1972) have demonsgtrated that the

trochophore larva of Spirabranchus spinosus is a suspension

L r . e o
feeder using am opposed ciliary band system to capture food
particles. In this system, one band of cilia, -the proto-
troch, prcduces'the feeding ¢urrent and the particles are

collected downstream in a ciliated feeding groove located

between it and a pésteriér bagd of cilia, the metatroch. .

&

Strathmann et al. (1972) have .expresked the opinion that

this method of particle capture is common to all polychaete
' : -
larvae that are suspension feeders. §S. cementarium appears

to agree with their findingsi in that it too is a suspension

feedér using an opposed baﬁd=system.: However, as S.

cementarium lacks a metatroch the postertor band of pro-
totrochal éilia appears to act as a functional metatroch.

The ciliary food groove lies between the two bands comprising
the prototroch. This mechanism of particle capture may be
common to all pélychaé¥e larvae which lack a metatrcch;

Using the neurotroch as a ciliary rejection mechanism is

common to both S. cementarium and S. spinosus, ds is the

stoppage of feeding when the larva encounters particles too

high in concentration.
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B. ORGANOGENESIS AND HISTOGENESIS 'Y
OF .-THE PLANKTONIC LARVAE :

. In those species of polychaetes with planktotrophic
larvae, thL early trochophores are morphologically
incapable of undergoing the me tamotrphic transformation
into the berthic juvenile stages. During the pelagic
phase, the trochophore must undergo growth and morphol-
ogical differentiation in preparation for metamarphasis.g i
During this period of morphological %i;ﬁerentiatigni‘the:
trcchgphére develops into a metatrochophore and then into /ﬁ
a ﬁect&chaété which is the final pelagic stage. The !
me tatrochophore is marked byithe segmental ;rfangement of
the cilia:j Eaﬁds and the nectochaeta is a segmented larva
in which sesde have developed (Schroeder and Hermans, 1975).

We have some knowledge of organogenesis inrplanhtas

\ .

trophic larval ‘polychaetes from the studies of Akesson .

(1961, 1968) gﬁ;gégiene remota, and Glycera alba, Segrove

(1941) on Pomatoceros triqueter, and Wilson (1932) on the

mitraria larva of Owenia fusiformis. However, except

for the study of Akesson (1961) cn‘g. remota, the
descriptions of organogenesis are too fragmentary to éive

a true picture of the sequential histological development

of planktotrophic larvae. P. remota, like the other
members of the errantiate family Pisionidae, has é
specialized type of reproduction with intermal fertilizaa
tion (Akeeson, 1961). Therefore, until the present study

on Sabellaria cementarium there was no detailed account of
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larval. histcgene51s and argan&gen351s in a free spawning

spea135 ﬁith a typical planktotrophic development. From

"this study, wé now have a better appfeclatlan of the !
histological - trhnsformation of a trochophore into a i
nec tochaeta competent to-metamorphose in a spec;gs with 7!
typical plaﬂktatrﬂpﬁigﬁaévelopmental sequence. As lar~ !
T~

development appears to be conservative in the fdmily
Sabellariidge, the descripticnccf larval organogenesis

S. cementarium is felt to be

representative of the family. : -
. ,

"Body Wall . ' | , .

i) Cuticle: ' .
Incorporation of ihe vitelline membrane into the

larval cuticle has been reported }Qr‘gabe;;arié alveolata

(Wilson, 1929), S. vulgaris (Novikoff, 1938),
Phragmatopoma lapidosa (Eckelbarger and Chia, 1978), - ... .. _..

Nereis spp. (Wilson, 1892), Nepthys hombergi (Wilson,
1936b), Pomatoceros tri ueter (Segravet/iéul). T , N

?egtiné:ia koreni (Wilson, 1936b), Diopatra cuprea (Allen,

1959) and Autolytus fasciatus (Allen, 1964). With the

addition of S. cementarium, it appears that the incorpora-

tlan of the vitelline membrane into the 1arval cutlcle
is common to all sabellarllds.

The presence of the two zones within the eutlcle of early

sabellariid larvae was first reparted by Eckelbarger and

Chia (1978) in the larvaelof P. lapidosa. They were able

to trace the two zones of the cuticle to their origin in



the vitelline membrane of the cacyté; providing definitiv
proof that the vifglling-meﬁtrane is incorporated into the .
larval cuticle. From the present study it is apparent

that the larval cuticle of S. cementarium is identical to
that of'g. lapidosa. Both possess cuticles ecnsiéting of
twq‘.bnes; Zone I lies above the epidermis and is composed
of a loose nefwork of fibrils; and Zone II lies above it
-and consists of an electron-dense layer of closely packed
fidbrils through which nonbranching ?icrgvilli extend. This

cuticle is gradually lost in S. cementariumsand P. lapidosa

(Eckelbérger and Chia, 1978) during the trochophore stage

and is replaced by an electron-opaque larval cuticle, which

d with

is secreted by the‘underlyingfepidermis.‘?Assacia,
this chang€ in cuticle is the appearance of branchi
"micrbvilli whose tips extend through the surface of the
cuticle. Cuticle replacement occurs at a muchTearlier

date in P. lapidosa than in'S. cementarium, 60 hours

compared to 5 days. This difference in timing of cutitle
replacement can be accounted far by the slawéL develaps
'mental rate of S. cementarium, as the morphological

- s8tage at which it oceursiis identical between the two

species.

The larval cuticles of S. cementarium and P. lapidosa
2+ CEMe L1 W =Apicosa

resemble the cuticles of larval Harmothoe imbricata
(Holborow, 1971; Holborow e¥ alt, 1969), larval

Arenicola cristata (Marsden and Lacalli, 1978; Marsden

and Pawson, 1981), archiannelids (Brandenburg, 1970;
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x Rieger and Rieger, 1976), interstifiil hesionids ,
(Westheide and Rieger, 1978), aﬂdiéligééhsetes (Potswald,
1971), all of which lack a collagenous grié which is
typical of most annelids (Richards, 1978). Within all

of these forms, tpe>presenee of well-developed microvilli o
extending through the cuticle is a éammcg feature.
Rieger and Rieger (1976) state that such a cuticle is
a primitive feature among the épiralia and they suggest
that the function cf Su3£ a eutieie is to increase
" the efficiency of uptake‘af dissolved organic molecules - .
v

through the epidgnnisl The uptake of dissolved organic
'pclecuIES'has been docﬁmented in cligachagtes (SiEEEFs 7
and Bulhein, 1977) and in archiannelids aﬁd‘interstitia;
hesionids by Temple and Westheide (1980). It is
reasonablq to assume that the elaborated microvilli
are the site of uptake of the dissolved organic molecules,
al though there is no direct evidence to support this
assumption. 7 |

Are the elaborate microvilli of larval palychaetés

cuticles, therefore, an adaptation for the uptake of

dissolved organic molecules? Chia (1972) has postulated
that since epidermal microvilli are common among marine
invertebrate larvae, they are probable sites of dissolved
organic molecule uptake. Uptake of organic molecules

has been demonstrated by Reish and Stephens (1969), who

found that the larvae of Neanthes arenaceodentata

absorbed labelled glycine and by Bass et al. (1969) who
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found uptake of lysine by larval Nereis ¥irens was 200
times that of adult worms. The cuticular mérphclcéi of these
larvae has not been studied, but tﬁe adult cuticle of
Nereis has been shown to contain miﬁfavilii extending
thrcugh the cellagencus grid of the Cutlclé (Erakelmann
and Fischer, 1956 Dorsett and Hyde, 1970). Manahan (1980)

has shown’that the veliger larvae of Mytilus edulis and ]

Ostrea édulis absorb the greatest concentrations of
dissolved organic molecules through the velum, a site
which possesses numerous microvilli (Mackie et al., 1976).,

t;rnm this it can be hypethe51ziﬂ that the elabarat Qﬁ, of
microvilli fin the cuticles of s. cementarium and P,
lapidosa are adaptations for the uptake of dissolved

organic molecules from seawater. (f:

P

ii) Epidermis:

cementarium is a layer of

The epidermis of S. _
menastritified; columnar epithelium which is of the_fypicali
anelid type deséfibed‘by Richards (1978). The stfueture%

of the prototrochal cells are consistent with those

described for the larvae of Armandia brevis (Hermans, 1966),

Harmothoe imbricata (Holborow, 1971; Holborow et al.,

i959). P. lapidosa (Eckelbarger, 1978) and Spirobis
. morchi (Potswald, 1965).
All are cuboidal in shape and mult;cll%?ted. possesns-

ing large numbers of mitochondria within their cytoplasm.

=

apidosa the cilia

-

are anchored in the cells by long primary rootlets and by

n S. cementarium, H. imbricata and P.
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shorter secondary rootlets which lie paralleﬁ to the
cuticle. This secondary rggtlét takes‘théGstresgigf!the
cilium and may ﬁelp to Echdinaﬂ* the metrachronal wave
(Richards, 1978). Not nil prétctrachal egllsi however,
reéémble thsse described above, as the prototrochal cells
of Nereis spp. (Wilson, 1892) and Arenicola cristata
(Marsden and Lacalli, 19?5) contain 13?33 vacucles- within

their cytoplasm. Wilson (1892) suggests that these cells

may be excretory in function, however, there is no‘evidertte

to support this assumption. .
iii) Setal sacs: 7 -

The setal sacs of S. cementarium are respongible for
thé formation of the larval setae and for the opercular
paleae of the juvenile and adultAstages.ngflmust be
stressed that the setal saeé are retainea after metamcra\
phosis, unlike thof® found in the larvae of the famllles '
Owenidae and Splonldae, which also possess prﬁvlsicnal

setae. The early ontogeny of the setal sacs in S.

cementarium could not be followed, however, they are

presumably of ectodermal érigih, as-all annelid setae are
epidermal derivatives (Richards, 1978). Wilson®(1932)

also assumed that the setal sacs of the mitraria larva of

' Owenia fusiformis, which bear provisional setae, to be of

ectodermal origin.

The getal sacs of S, cementarium first ap?eared in
the 42 hour trochophore as two ectodermally derived cells

and throughout their ontogeny the only changes to occur
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were the increase in the number of chaetablsét,and lateral

.cells and the development of vacuoles. The increase in the
. -

cell numberéresultéd in both an increase in tﬁe gsize of the

setal sacs and an increase in tht number of the prcvisicnalx

setae secreted. ' .

Based on the brief description of the setal sacs in,

the mitraria of 0. fusiformis by Wilsa,g(1§323, it appearsr

fhat'they are very similiar dn structure to those described
g 4
in this study of S. cementarium. At the fine structural

level, the setal sacs of S. égmenta;iumia§§§ér very similiar

to th? ﬁarapédiai’setal sacs of adult syllids (Bouligand,

1966, 1967) and larval Nereis vexillosa (0'Clair and Cloney,

1974) with regard to the following features: 1) the chaeto-
blast cells are located at the bases of tMe follicles and
are responsible for setal secretion, 2) the setae lie in

follicles bordered by lateral cells, and 3) the distal end

of the follicle is lined by the epidermal cuticle. Bouligand *

(1966, 1967) and 0°'Clair #nd Cloney (1974) have demonstrated
'that the microvilli act as templatés on which the setae are
‘depositad.: Sections through the éetal sacs of 5. cement-
arium also show the presence of microvilli at the bases of
the follicles, which may serve as templates in setal form-
ation.

The sefae of adult and %arval polychaetes contain
protein and chitin (Bobin and Mazoué, 1944; Ebling, 1945;
Rudall, 1963; Gustus and Cloney, 1973; Richards, 1978) and

are composed of parallel longitudinal channels arranged
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into a central cortex (Bouligand, 1966, 1967; Gustus and
Cloney, 1973 0'Clair and Clnney. 19?4; Drrhage. 19?1 -
Richards, 1978) It is interesting that the t:;ns;tafy

pProvisional setae of S. cementarium are identical in;sffuci?

ture and formation to that of adult and larval setae. From

~this, it can be concluded that setal structure and formation
|i§ =

are conservative ontogenetically within the polychaetes.

Muscle gxstem

Thé complexity of the muscle system in the trcchaﬁhcre
/ % =

larva of S. gementarium is unparalleled in the muséle_systems
previous;y fePartéd for trochophore larvae. This complex-
ity of tﬁe muscle system appears to be feiated to the defen-
sive behavior of erecting the provisional setae. The setal
sac musculature of S. cementarium resembles that of the
mitraria larva of Owenia fusiformis (Wilson, 1932), how-
ever, Owenia lackg the prototrochal and esophagéal muscle
connections found in S, cementarium. 1In Owenia the setal
sac muscles are solely responsible for setal erection
(Wilson, 1932), while in S. cementarlum the esophageal,
prototrochal and setal sac muscles act together to erect

the setae. The continued hypertrophy of the setal sac-
eéophagéal muscle complex during larval development corres-
ponds to the increasiﬁg growth of the setal sacs. The
growth of the muscle complex must match that of the setal
sacs in order to maintain the defensive behavior. The body

wall musculature of the competent larva is of the typical
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annelid organization. E e

Coelom and Segpentgtiéﬂ

In the larvae afiﬁgst polychaetes, the blastocoel forms
the primary body cavity. Within the blastocoel are found.
undifferentjated mésadermal cells which will divide to pro-

duce a peritoneal lining, thereby transforming the blasto-

‘coel into a true coelom. The differentiation of the meso- ‘i
derm into a peritoneum occurs after the initiation of seg- ) )

ment formation (Anderson, 1959). In the trochophore
larvae of S. cementarium, however, the primary body cavity
is derived by the splitting of the lateral mesederm.as a
blastocoel is lacking, The primary £cdy cavity is thus a

true coelom with a peritoneal lining. In the brooded

lecithotréphic larvae of Spirorbis mé;cgi'(Patswaid, 1965),
the primary body gavity:a;sc develops as a true coelom. It'“;
—appears that the development of the primary body cavity as ‘
a coelom corresponds to the lack of blastocoelic cavities
wifhin these two species. There.a?e. therefore, two |
methods by which the primary coelomic cavities are farmeé-in

larval polychaetes.
Ih polychaete trochophores, the "M" or mesodermal ?ells
. situated'at the posterior end of the hypcspherg give rise
to the ventro-lateral mesodermal bands (Wilson, 1892;
Child, 1900; Segrove, 1941; Korn, 1958; Anderson, 1959, 1966 .
1973; Akesson, 1962). In the planktaﬁic trochophores these

mesodermal bands are small and inconspicuous (Anderson,



1966, 1973). In S. cementarium, the mesodermal bands agree

with Anderson's (1966, 1973) descriptions, in that they
consist of small clusters of cells concentrated at the.
postefior end of the hyposphere. These mesodermal cells
form the presumptive prepygidial growth zone, whicﬁ is
involved in segment formation in theater stage larvae.
In larval polychaetes, the development of segmentation
is commonly considered to occur by elther of two methods.
In the Serpulidae (Segrove, 1941), Spirorbidae (Potswald,
1965). Tomopteridae (Akesson, 1962) and Eun1c1dag
(Akesson, 1967a), the three anterior segments develop
simuitaneously prior'to métamorphosis and the segmentation
of the ectoderm preceeds that of the mesoderm. This
method of segment formation has been termed heteronomy
by Iwanoff (1928). The characteristics of he teronomy ha?é
recently been reviewed by Akesson (1962) and Schroeder

and Hermans (1975). Anderson (1959) and Wilson (1932)

have shown that heteronomy is absent in Scoloplos armiger

’,

aq;’Owenié{fusiformis. respectively, In thest two species,.

- the trunk mesoderm exhibits segment formation’before the
ectodern is segmentalLy delineated. Thls method of
segment formatlon is referred to as homonomy by Schroeder
and Hermang (1975).‘_Both heteronqmy and homonomy can occur
within'theié;me_fami;y, as ﬁkesson (1967a) has shown
Eunf:;ds displax homonomy, while other members of the

family are heteronomous in their segment formation.

Akesson (1§6?a) believes that when both methods of segment
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formation occur in the same family, heteronomy 'is the .

primitivé method and homénomy is derived.

In the Sabel;ariidae.>segmeﬁt formation is campléx and
is neither heteronomous or homonomous. In the late trocho-
phore larva the body consists of the episphere and the
hyposphere, which contain€ the setal sacs, prepygidial
growth zone and the pygidium. The region of the setal sacs
becomes the first thoracic segment. Three segments are
grgdual;y formed behin; the thoracic segment from the. Q;f
prepygiéial growth zone. These are the parathoracic ,
Ssegments and within them, the mesoderm and ectoderm appear
to differentiate into segments simultaneously, unlike
either heteronomous or homonomous segment formation. Prior
to metamcorphosis, three more segments, the abdominals, afe
added from the growth zone. During post-metamorphosis, a
seean% thoracic éegment is added between the first’ thoracic,
segmenf and the first parathﬁracic segment and it does not ]
originate from the prepygidial growth zone. This method of
segment formation is unique among the larval polychaetes
that have been studied. In agreement with Schroeder and
Hermans (1975), I feel that it is related to the formation
of the operculum from the first gnd gecond body segments.
In the adult, the prostomium, first segment, and part of the
second segment fuse. to form the opercular region. "

-

Alimentary Tract

In his reviews of polychaete development, 'Anderson
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(1966, 1973) has stated that there are three methods by
which gastrulation can occur, dePegding upon the number,
relative size and yolk content of the presumptive midgut
cells. In those species with small eggs containing little
yolk and numerous small presumptive midgut cells, such as

Podarke obscura (Treadwell, 1901) and H

(Shearer, 1911), gastrulation occurs by invagination. In
Arenicola cristata (Child, 1900) and Scoloplos armiger
(Anéerscn; 1959), whose midgut cells are less nume rous and
- occurs by an inwérd migration of the presumptive midgut
cells, while in those species which have few, large, yolky
presumptive midgut cells and no blastocoel, such as Nereis
(ikéssani 1952), 

helgolandics

“(Wilson, 1892), Tomopteris

and Spirorbis morchi (Potswald, 1965), <the midgut cells are

forced internally by the epibolic overgrowth of the
surrounding cells. According to Anderson (1966, 1973),

S. cementarium being a species with a small egg containing

little yolk and small presumptive midgut cells, gastrulation
would be by invagination. However, in S. cementarium
gastrulation appears to 52 by epiboly, as there is no
Elast@;cel; It, therefore, appears that the methods of
géstfulatiaﬁ are not as closely linked to the nature of the
egg and the presumptive midgut cells as previously
expressed by AﬁierSSE (1966, 1973).

The ontogeny Dféthe alimentary tract - in 5. cementarium

is similar to that previously reported in larval polychaetes
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(see reviews by Anderson, 1966, 1973). -The presence of
large vacuolated cells in the upper stomach, as in S.

ementarium, have not previously been repor®ed in larval

polychaetes. These cells contain numerous vacuoles and
bear numerous microvilli on their luminal Surfaces. As

algal cells have not been identified within the stomach

cells of any of the larval stages, it appears that digestion

is extracellular. Extracellular digestion is the usual
method of digestion in pclyehsétes (Barnes, 1980; Michel
and DeVillez, 1978). Pfesﬁmabiy the vacuoles of the upﬁer
stomach cells are involved in the production of digestive
enzymes, which break down the algalw®ells.- Burke (1978)
has shown theaexistengg of similar vacuoles in the stomach
gellg of echinoplutei, which are responsible for the
secretion of enzymes which digest algal cells. 1In S.
cementarium, “once the‘algal cells were broken down the.
digestive products would be absorbed across the microvilli
cf'the stomach cells. The continued hypertrophy of these
cells and the increase in the number of vacuoles within
them during larval development, may correlate with the
increasing need to digest larger quantities Ef food during
the later stages of larval development.

In the'getatr@chaghcre larva, large 1lipid dfapléts
became apparent within the stomach cells and they were
retained through to the competent larva. These lipid
droplets may serve as an energy reserve for me tamorphosis

}
when the larva would be unable to process food during the
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histelggica; reorganization of the,sfamach_ Zymogen-

like granules alsoc became apparent in the stomach cells of
the metatrochophore. They possibly are involved in
extracellular digestion of the algal cells and possibly are
the precursors of the zymogen producing cells in the

adults, as rymogen granules are found within the stomach
cells of adult polychaetes where they function in extra-
cellular digestion (Michel and DeVillez, 1978). Gland cells
were observed to develop in the esophagus of the larva with |
tentacle buds and in the competent larva. They are felt

to be involved in mucous secretion , as mucous cells are
common within the adult esophageal epithelia of both
sedentary andVEFTantiate polychaetes (Michel and DeVillez, "
1978). It is interesting that gland cells arrive late in T
the larval development, however, no explanation can be

- offered for their late development.

Nervous System

There are numerous studies of the ﬁefvaus systems in
the trochophore and metatrochophore larvae of poly-
chaetes (Korn, 1958, 1960; Akesson, 1967b; Lacalli and
Marsden, 1977; Bubko et al., 1979; Ospovat, 1978) .at the.
light microscopic level, but only the studies of Holborow
(1971) and Lacalli (in press) provide information on

trochophore nervous systems at the fine structural level.

From these studies, it is apparent What a cerebral

ganglion and prototrochal nerve ring 3re common to trocho-



phore and metatrochophore larvae and they presumably are
responsible for coordination of the gwimming and feeding
behaviors. In S. cementarium only a cerebral ganglion

could be identified in the troel

a prototrochal nerve ring which could not be identified in
the light microscope. A cerebral neuropile was not
observed with TEM in the 5 day larva. It appears that the
prototrochal nerve ring may serve to coordinate swimming
and feeding behavior until the appearance of the cerebral
ganglion in S. cementarium.

The histological identification of eyespots in the
: metatrochophore corresponds to the development of a strong,
Phototactic behavior in this stage. Although optic fibers
could not be observed, it appears that the eyes are
functional photoreceptors in this and later stage larvae.
The eyespots are of the microvillar-pigment cup type
described for larval Armandia brevis (Hermans and Claneyi

1966) and for the trochophores of Neanthes succinea

(Eakin and Westfall, 1964) and Harmothoé imbricata
{Holborow and Laverack, 1972).

By the competent larva, the larval nervous system
consists of the same major ganglia as found in the adult
sabellariid nervous system (Orrhage, 1978). The presence
of a well defined nervous system consisting of a cerebral

ganglion, circumesophageal ganglia and a ventral nerve
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cord has been reported in the fully formed larvae of
Armandia brevis (Hermans, 1966), Branchiomma vesiculosum

(Wwilson, 1936a), Eunice kobiegsis'(ﬁkesson. 1967a),

Arenicola cristata (Marsden and Lacalli, 1978), Nephtys :

(Korn, 1960; Bubko et al, 1979), Pectinaria (Korn,

1960), Pisione remota (Akesson, 1961), Pomatoceros

trigqueter (Segrove, 1941), Scoloplos armiger (Anderson,

1959), Spirorbis morchi (Potswald, 1965) and Tomopteris

helgolandica (Akesson, 1962). It is not known if these
ganglia are all functional, however, as Marsden and Lacalli
(1978) found only a small portion of the ganglionic cells

to be functional in A. cristata. 1It, therefore, -appears
that the eldégﬁpte larval nervous systems of po;ychaetes

are just rudiments of the juvenile nervous systems and they .
have little function within the larvae. The cerebralr
ganglion would, thus, be the nervous centre controlling the

behavior and metamorphosis of "the fully formed larvae.

Circulatory System

.Within the Polychaeta, the major blood vessels of the
circulatory system occupy the site of the former blastocoel
and the walls of the blood vessels are formed, either from
the apposed surfaces of the septa mesenteries, or by the
separation of the mesodermal somites from the gut epithelia
(Anderson, 1959, 1966). This appears to be true for the
development of the circulatory system in the later larval

stages of S. cementarium. In S. cementarium the blood
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vessels occupy the eéeleﬁ derived from the iateral meso-
derm rather than a ¥lastocoelic derivative.

The dorsal and ventral blood sinuses of S.
cementarium originate by a separation bf the mesoderm
from the gut epithelium. The presence of a blood sinus
- around the gut is a primitive feature within the poly- .
éhaetes (Anderson, 1959). This method of blood sinus
formation has been reported in Owenia fggifgﬁgis (Wilson,

1932) and in Arenicola cristata (Lillie, 1905). The

formation of the supraesophageal, circumesophageal, dorsal
and ventral blood vessels occurs by the separation of the
apposed surfaces of the mesenteries. The ventral vessels

of Scoloplos armiger (Anderson, 1959), Pomatoceros

trigueter (Segrove, 1941), and Spirorbis morchi (Potswald,

1965) and the dorsal vessel of A. cristata (Lillie, 1905)

are also réparted to arise in this manner. The blood
vessels of S. cementarium are bound by a simple epithelium
which is common to all annelids (Hanson, 1949).

From this study it is apparent that the larvaevaf S.
cementarium possess a well defined circulatory system.

Similar circulatory systems are also found in the larvae of

1932), Scoloplos armiger (Anderson, 1959), and

Pomatoceros triqueter (Segrove, 1941). It is not known

if they are functional within the larvae, or if they are
Just structural rudiments of the adult circulatory systems,

as blood plasma has not been reported within their vessels.
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Acellular blood plaéma is found, however, in the larval
circulatory system of S. cementa;}ig; ‘Preliminary
observations on the adult circulatory system have shown a
similar acellular plasma within the blood vesseis. Due to
the presence of blood plasma within the circulatory system
of the larvae of S. cementarium, it is probable that the

circulatory system is functional during later larval life,

The presence of epidermal gland cells is a common
feature among polychaete larvae. In S. cementarium the
rudiments of the epispheral unicellular mucoid glands are
evident in the 18 hour larva and well developed glands
first become apparent in the early trochophore. These
unicellular muﬁoid €lands continue to increase in number
throughout larval development and also arise in the

pygidium.' In Phragmatopoma lapidosa, Eckelbarger (1978)

has labelled the epispheral and pygidial mucoid giands>ai_
the competent larva as type II gland cells and they are
identical to those of S. cementarium at the fine structural
level. In both species the secretions are composed of
irregular fibrillar strands. Mucoid glands have also“been
identified at the fine structural level in the trochophores

of Harmothoe imdbricata (Holbdorow, 1971), however, they

differ from those of S. cementarium and P. lapidosa in that

the secretions are composed of numerous droplets. Epi-

spheral mucoid glands have also been identified in the
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trochophores of Glycera

%;gg.(Lkesscﬁ. i?SS) but the?? are
not described at the fine structural level. In s. - |
cementarium, H. imbricata, and G. alba the epis?hgral
mucoid glands do not appear té fuﬁetig;_within the larva.
It is interesting how early in the larval development of "
these species the mucoid glands appear if they do not
function. It is, therefore, assumed that the larval epi-
spheral mucoid glands function during metamorphosis.

In the trochophore larvae of some speéies of polychaetes -
the larval glands are known to be involved in feeding. For
example, in the trochophores and metatrochophores of *

Pisione remota (Akesson, 1961), Lopadorhyncus sp.

(Akesson, 1967b), and Chaetopterus sp. (Werner, 1953), the
hypospheral glands secrete mucoid nets which entrap plaﬁktén
and the larvae then eat the nets with the entrapped food
items. The existence of such mucoid nets is unknown in S.

cementarium,which is exclusively a ciliary suspension

feeder.
It is more common within polychaetes for the epidermal
glandular elements to develop within the setigerous larvae.

This occurs in Pomatoceros trigueter (Segrove, 1941),

Eunice kobiensis (Akesson, 1967a), Branchiomma vesiculosum

(Wilson, 1936a), Spirorbis spp. (Nott, 1973; Quievreux,
1962y Potewald, 1965, 1978), Owenia fusiformis (Wilson,

1932), Arenicola cristata (Marsden and Lacalli, 1978), and

Scoloplos armiger (Anderson, 1959). The larvae of

B. vesiculosum possess

Spirorbis spp., P.
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muccld glané cells which are similar i descr;ptlan to.

those of S. cementarium, while those of A. cristata and

Ytz \

. kobiensis are highly vacuolated. The deseriptlans of

the mucoid cells in 0. fusiformis and S. armiger are too

fragmentary to draw.comparisons between them and S.

cementarium.

The presence of thoracic and parathoracic epiéefﬁal.
gland cells is a common feature among the fully formed
larvae of sedentary tubiculous polychaetes. They have been
identéfied in B.

vesiculosum (Wilson, 1936a), P. triqueter -

(Segrove, 1%&;)( Spirorbis gggl (Nott, 1973; Quiévreux,
1962; Potswald, 1965, 1978) and P. lagidcsa‘(Eckelbargér.

1978). 1In the fully formed larva of §S. cementar;um there .

are 5 distinct gland cell types in the parathoracic |

region, while in P lapidosa, Eckelbarger (1978) has

identified only one cell type, gland cell type I. Cell

types A, B, and C in S. cementarium may represent pro-

gressive stages of development of a single gland;fypei;
Potswald (1965) deseribedﬁgfdistinct cell types in the

thoracic regicn of the fully formed larva of Spirorbig

morchi, many of which appear identical to those of S.

cementarium. In P. triqueter (Segrove, 1941) there are at

least three distinct gland cell types in the thoracic
region, but they are not described in detail. The
presence of different gland cell types within the para-
thoracic and thoracic regions is azc@mmcﬂ feature among

the larvae of sedentary tubiculous polychaetes. The
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functional significance of these glands will be discugsed

in the section on metamorphosis.

Tentacles

The larval jentacles of sabellariids form the palps
of the adult worms, which are located in front of and
dorsal to the mouths of the adults. The tentacular or
. oral filaments do not have their origin during larval

development. The larval tentacles are identical histolo-

gically to the palps of adult S. cementarium (per§ggal\

~observation) and S. alveolata (Orrhage, 1978). Orrhage
k(1978) has shown that the palps of adult sabellariids are’
homologous in structure to the palps of adult sﬁionids.
It, therefore, can be assumed that the larval tentacles

of S. cementarium are similar in structure to the larval

tentacles and adult palps of spionigs.

Dales (1952), using Goodrich's (1897) definition of
the peristomium of larval polychaetes as the first seguent
with parapodia and setae, stated that the larval tentacles
of sabellariids were of prostomial origin. Hermans (1966)
and Schroeder and Hermans (1975) have redefined ;he ’
ﬁeristomium of larval polychaetes as the region including
the mouth, prototroch, and metatroch located in front of
the most anterior segment which possesses setae. The
larval tentacles are thus peristomial in origin. Hannerz
(1956) and Blake (1969) have shown the larval tentacles of

spionids also to be of peristomial origin, reaffirming the
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hamalagieé be tween theﬁ and the larval tentacles of
sabellariids. - -

The long ciliary tracts on the venf;al surfaées of the
tentacles connect ta‘the food 'groove located between the two -
ciliary bands of the pratctréch. Dales (1952) found that
they conveyed food particles into the mouths of larval

Phr:

atopoma californica and thus stated the ciliary

tracts were involved in larval feeding. There is no

'e?idence of this in S. cementarium, naf has it been noted

in any other sabellariid s%uéiedg The ciliary tracts appear
not to fung¥icn in the larvae, but in the‘nEﬂly me tamor-
pPhosed juveniles where they convey sand particles to the
mouth from which they are cemented to the tubes. The
ciliary tracts are retained throughout adult life (personal
ebse;vatiansg’ﬂfrhage. 1978) where presumably they serve
the same func tion. '

Wilson (1929), in his investigation of the larval

development of S. alveolata, first referred to the presence

of probable sensory tufts on the larval tentacles.
Recently, Eckelbarger and Chia (1976) and Eckelbarger
(1978) using SEM have revealed the existence of such tufts
of stiff sensory cilia on the larval tentacles of P.
lapidosa. These sensory tufts are identical to those

found on the larval tentacles of S. cementarium. In one’

micrometer sections, the tufts appear similar morpholo-
gically to those of P. lapidosa which Eckelbarger (1978)

examined at the fine structural level. He was unable to
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determine if th%¥ were mechanareceptcr; ar ehgmnractptars.
As the larval tentacles are definitely invalved in sub-
strate examination prior to me tamorphosis, it would be
interesting to determin&. at the fine structural level, ifA
the sensory tufts dre, in fact, ehgmarggeptars. if 80,
they possibly would be involved in the recognition of the
me tamorphic inducing chemical which is 1Qcated in the tube

- cement (Wilson, 1968b).



C. SETTLEMENT AND METAMORPHOSIS

Wilson (1958) has emphagized that Sgttléméﬁt preceeds
me tamorphosis in larval polychaetes. This, however, is not
a principle common to all polychaetes as Sarvala (1971)

has shown that the larvae of Harmothoe sarsi metamorphose

in the open water and then settle to the bottom.

From the numerous life history studies of polychaetes
(reviewed ﬁemeder and Hermans, 1975), we have some
appreciation of the external morphological changes at
me tamdrphosis in planktonic larvae. The most apparent
changes are the loss of the ciliary bands and provisional
setée (if present) and the discharge of glands involved in
; tube formation. Often the;a is a reorganization of the
prostomial region, as has been reported for areniéclids
(Marsden and Pawson, 1981), owenids (Wilson, 1932),
sabellariids (Eckelbarger, 1978), sabellids (Wilson, 1936a),
serpulids (Segrove, 1941) and spirorbids (Potswald, 1965,
1978).

There is, however, very little information on %he
histological changes at me tamorphosis, particularly in
planktotrophic larvae. Various aspects of the histological
changes at me tamorphosis have been studied in the mitraria

larva of Owenia fusiformis (Wilson, 1932) and the endo-

larva of Polygordius (Woltreck, 1905), both of which undergo

a cataclysmic metamorphosis, the lecithotrophic larvae of

Branchiomma vesiculosum (Wilson, 1936a) and Spirorbis morchi
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(Potswald, 1965, 1978), and the benthic larva of Arenicola
criétata (Marsden and Pawson, 1981). The only stuéies

dealing with planktotrophic larvae are those of Ekesscn

(1961) on the changes in. the nervous system of Pisione (ﬂ

remota at metamorphos:is and Segrove (1941) on Pomatoceros

trigueter, which provides little information. Thus the

predgent study of S. cementarium is the first‘aetailed

account of metamorphosis in a species with a typical
pPlanktotrophic life history and it is théAcnly study of the
histological changes at me tamorphosis in a member of the

. family Sabellariidae.

The developmental rates of sabellariids are very
similar, ranging from 2 to 8 weeks (Eckelbarger, 1977).
The species studied thus far, however, are either tropical
or warm temperate species as defined by Briggs (1974).
Thorsen (1950) has stated that the developmental rates éf
marine invertebrate species living in seas with higher
temperatures should be similar to those inhabiting colder,

northern seas. §. cementarium is a cold temperate species

as defined by Briggs (1974) and its developmental rate of
6.5 - 8.5 weeks falls within the 2-8 week range of other
sabellariids. It thus appears that sabellariids agree with
the findings of Thorsen (1950) for other marine inverte-
brates; S. ;ementggium does, however, have a sigﬁer
developmental rate than the tropical and warm temperate
species due to the colder temperatures at which they are

raised, 10-14°c compared to 19-25°C (Eckelbarger, 1975,



1976.,;977). ‘Presumably the greatest diffeFEﬂces in
developmental rates are due-te the differences in culturing
techniques. Initially, the larvae of S. cementarium were
raised using the technique of Eckelbarger (1975) which
included aeration of the culture water. This had ta be
discontinued as it inBreased the mortality rates of the
larvae. This difference in culture technique prevents fhe
direct comparison of the development rates of S. ee@enEarigm

with those of Phragmatopoma caLifq;ni;g (Eckelbarger, 1977),

P. lapidosa (Eckelbarger, 1976), S. floridensis (Eckel-
barger, 1977) and S. vulgaris (Eckelbarger, 1975).

It is interesting that the competent larvae will delay
vmetamorphosis even in the presence of an appropriate
me tamorphic stimulus. This has not been reported before -
for sabellariid larvae and the reason for this behavior is

unknown,

Induction of Metamorphosis

Based on the results of the settlement experiments, it

cementarium exhibit a ;§ﬂ

appears that the larvae of S.
degree of substrate speciflclty in their settlement
behavior. Similar findings have been reported for P.
lapidosa(Eckelbarger, 1976), S. floridensis (Eckelbarger,
1977) and 8. vulgaris (Eckelbarger, 1975) while on the other
hand, Wilson (1968a, b, 1929£{rb) has shown that the larvae
of S. elveolata and S. sglnuloea have high degrees of

substrate specificity. To account for these differences,

-



Eckelbarger (1977 roposed that substrate specificity

may be a method oY reproductive isolation among sympatric-

ally occurring species. §S. alveolata and S.
occur sympatrically (Wilson, 1929) and the differences in

éubstrate specificity may ‘result in geographically isolated
populations. Reproductive isolation would, therefore, arise

by habitat iSGlatisng-rg. la:igcsairé. floridensis and S.

vu;ga:iszlaek a high degreevaf substrate specificity in
their séttlemeﬁt behavior and each is geographically
isolated from other sabellariid species. Therefore, they
would not be expected to develop substrate specificity in
their settlement to preserve reproductive isolation. This

explanation eaﬁhatvbe applied to S. cementarium, as it

occurs sympatrically with another sabellariid, Idanthr

%

Sus ornamentatus. They are often found within the same

-~ \ 7 7
caggregations and preliminary observations have shown that -

they both gcntain'ripe gametes at the same time and cross
fertilization will occur between the two species. Perhéps
reproductive isolation in, the field occurs either by a
temporal separation in spawnings or by hybrid inviability.
Adults of the family Sabeilariidae occur mainly in
small aggregations or in reefs and with the exceptions of

lygdamis muratus (Wilson, 1977) and S. floridensis

show gregarious settlement behavior. Crisp (1979) has
proposed two methods by which reaggregation can occur in

marine invertebrate larvae; the larvae can settle in
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response to contact with their own species, A, or in ;
response to another species, B. Wilson (1968a, b.:197D a, b)
has demonstrated that reaggregation in sabellariids occurs ¥
by the former method. The larvae of S. alveolata and S.

spinulosa are attracted to the cement of adult tubes, tube

fragments, and the tubes of newly metamorphosed juveniles.
Within the tube cement is an insoluble, me tamorphosis
inducing factor with which the larva must make contact
before the metamérphic response is elicited (Wilson 1968a,
b, 1970a, b). The factor is presumably similar to the
insoluble, tanned, proteinaceous materials which elicit the
settling response in Balanus balanoides (Knightff@nes; 1953)
and Crassostrea virginica (CRisp, 196?); e !

S. cementarium is found in small aggregations in
Griffin Bay, Washington. As there were only two instances
of gregarious settlement in the laboratory one would not
expect gregarious settlement in the field. How, fherefcre;
-da the lab results relate to the field distribution?
Eckelbarger (1975) has found that S. vulgaris juveniles
initially build tubes in a solitary manner, spatially
separated by at least 1 cm. As more larvae settled, they
filled in between the settled larvae forming small aggrega-
tions. The tubes grew together and, thus, form aggregations
similar to those in the field. Straughtan (1972), Sentz-
Braconnet (1968) and KlEckngr (1976) have described
seimilar behavior in serpulid larvae. It thus appears that

a similar situation occurs in S. cementarium but due to the
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small numbers of 15:?5; used in the settlement experiment; .
this behavior quld not be detegted. Why species like S.
cementarium, S. vulgaris and P. lapidosa show a low degree

of substrate specificity and yYet exhibit gregarious

settlement behavior is unknown.

and Behavior of the Metamorphosing Larvae

The morphological changes observed during metamorpho-
sis in §S. cementarium agree with those descrPbved for P.
lapidosa (Eckelbarger, 1976, 1978), P. californica
(Eckelbarger, 1977), S. alveolata (Cazaux, 1964; Wilson

1929). S. spinulosa (Wilson, 1929), S. vulgaris (Eckelbarg-

er, 1975) and Lygdamis muratus (Wilson, 1977). Metamorph-

osis, thus, follows a characteristic pPattern in the
Sabellariidae. The first observable changes are the
shrinkage of the episphere and the loss of the prototroch
and oral hood. The tentacles then rotate anterjorly and |
the provisional setae are lost. The setal sacs containing
Egeysettling paleae and the opercular cirri also rotate
anteriorly. The body of the larva elongates, the building
organ swells and the telotroch is lost. These morphologi-~
cal changes are then followed by the construction of the
tube.

A behavior pattern not previously reported in
sabellariid larvae during metamorphosis is the testing of
the substrate by using the tentacles to pull sand grains

to the mouth. Once at the mouth the sand grains are either



ingesﬁgd or they are'rejgcted posteriorly by the neurotro-
chal cilia. The only other larva in which the ingestion of
sand grains has been observed is the métamarphesing pelago-
sphera larva of sipunculids (M. Rice, personal communication),
where this behavior is felt to be a method of testing the
substrate. Another behavior not previously reported, is the
determination of the direction of movement during the crawl-
ing phase by the larval tentacles. |
The method of tube construction in S. cementarium

agrees with that described for S. vulgaris (Eckelbarger,
1975), S. alveolata (Wilson, 1929) and 1. muratus (Wilson,
1977). The juveniles initially form mucoid tubes which are
attached to the substrate. They then seize sand grains in
the tentacles where they are conveyed to the mouth along
the ciliary tracts of the tentacles. Theée sand grains are
then cemented to the tube by the secretions from the build-
‘ing organ. In S. cementarium the provisional setae are
cemented into the tube, a behavior which has not previously
been reported for sabellariids, Eckelbarger (1975) and
Rees (1976) have shown that the ﬁewly me tamorphosed
Juveniles of S. vulgaris select smaller sand grains over
larger ones during the initial events of tube building.
Juvenile S. cementarium were not observed to have a grain
size prerafénee during tube building. A bdehavior, apparent-
ly unique to S. cementarium, is the placement of a large

" “sand grain over the top of the entrance to the tube, which

serves as an operculum, as the settling paleae provide
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little protection to the juveniles from pétentigl predators.
The settling paleae of S. vulgaris and P. lapidosa
serve as a tool for the shaping and arranging of the sand
grains during tube formation and for scraping fouling
material from the cpeningi&;ckelbarger. 1975), although this
was not observed in S. eemeg%i’ium. The settling paleae of
S. cementarium resemble thasgséescribed for S. vulgaris
(Eckelbarger, 1975). Setti;ng paleae are reported from all

sabellariids except S. flaridensig (Eckelbarger, 1977).

The settling paleae are not homologous to the paleae of the
adult operculum.and they will be replaced by the primary
paleae in thefolder juveniles., Nucal spines which are
reported for S. vulgaris (Eckelbarger, 19?5), S.(alveolata

spinulosa (Wilson, 1929), are absent

(Wilson, 1929) and s.

in S. cementarium. 4

Histological Changes During Metamorphosis

1) Cuticle;
| The cuticle of the first and second day post-settled
juveniles resembles that described for the larval stages of

S. cementarium and P. lapidosa (Eckelbarger and Chia, 1976,

Eckelbarger, 1978). However, by the third day of settle-
ment the juvenile cuticle is composed of two layers: a
thick, lightly-staining layer situated above the epidermis

and a thin dark-staining layer on top of it. This



resembles the cuticular morphology described by Eckelbarger
(1978) at the fine structural level for a juvenile P.
lapidosa two weeks afteg settlement. At the light micro-
scopic level, the cuticle of the adult S. cementarium
appears to be similar to that of the thige day post-
settled juvenile. It-#lus appears that the adult cuticle
of sabellariids is formed during metamorphosis.

1i) Epidermis:

During metamorphosis, the epidermis maintains its mono-
stratified appearance which is characteristic of the
epidermis in both the larvae and adults of S. cementarium.
The transformation of the cells from columnar to squamous
is associated with the remodeling of the larval cells into
the vermiform shape of the juvenile stages. The presence
of mucoid cells is a common feature of the epidermis of
polychaetes (Daly, 1973; Dorsett and Hyde, 1970;: Storch
and Welsch, 1972; Westheide and Rieger, 1978) to which
numerous functions have been ascribed (reviewed by Richards,
1978). Mucoid glands are found developing in the epidermis
éf the lower prostomium, thoracic and parathoracic segments
of the two and three day post-settled juveniles. They
presumably are the rudiments of the adult epidermal mucoid
€lands.

One event common to the metamorphosis of larval poly-
chaetes is the loss of the prototroch, which has been
described as occurring by one of several methods. The cilia

may drop off and the prototrochal cells undergo atrophy

N



as in Armandia brevis (Hermans, 1966), the prototrochal

cells‘ﬁay be cast off as in Spirerbis morchi (Potswald,
1965, 1978), or the entire prototroch and assoczated cells
" of the episphere may separate away from the epidermls as in
Owenia fusiformis (Wilson, 1932) and Branchiomma
veslculoaun (Wilson, 1936a). 1In S. cementarium it-occurs.
by the first method. Most of the cilia drop off during
the initial events of me tamorphosis, however, some remain
until the second day. The prototrochal celks undergo
atrophy, so that by the third day they are no longer disting-
uishable. An exception to this phenomenon is Arenicola
cristata (Marsden and Pawson, 1981) which does not lose its
prototrochal cells at metamorph081s._ The significance of
this situatlon is unknown (Marsden and Pawson, 198%1).
iii) Setal Sacs:

Wilson (1932) has shown that the setal sac of the.

mitraria larva of Owenla fusiformis lose their prov1s‘al
setae and undergo histolysis at metamorphosis. This is
what would be expected, as the setal sacs are larval

| structures specifically adapted fof}‘pe formation of the
provisional setae, which serve a defensive function for the
larva (Wilson, 1932). However, in sabellariids the setal
sacs are retained at metamorphosis and they form the
juvenile and adult opercular paleae. Hartman (1944)
suggests that the setalggacs and their corresponding
segment are precocious in their development as they serve

the adult functﬁbn of paleae formation. If the setal sacs
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.are in fact aduli structures as suggested by Hartman
(1944), they would not be expected to undergo histological
change at mgtamarphasésa This study or S. cegen;a;iuﬁ.
however, shows they do. )

As stated garliefilzgsfggz’, sacs rotate anteriorly
and lose their provisional setae & ring the initial efents
of metamorphosis. During the first day the sacs are
histologically identical to those of the compe tent 1a§va.
however, by the second and third days of post-settlement
they have decreased in sigze. This reduction in gize is-
due to a loss of both chaetoblast and lateral cells,
probably by histolysis. It can be argued that the setal
Sacs are no more precocious in their development than éhy
other of the larval structures which wiil form adult.
tissues, as they underwent histological change at
metlamorphosis. The setal sacs are larval structures that

precociously form the settling paleae in the larvae, but are

¥

not adult structures within the larvae.

Muscle System

The histolysis of the setal sac-esophageal muscle
complex at metamorphosis is associated with the loss of the
defensive function of the setal sacs. Since the setal sacs
remain stationary in the adult, the elaborate muscle
system associated with them is no longer required and it,
therefore, undergoes histolysis. A thin band of muscle is

retained around the coelomic surface of the Setal sacs in
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the juvenile and adﬁit stages (Ebling, 1945). This is the
only remnant of the setal sac-esophageal muscle éemplexa
Accompanying the loss of the prototrochal cells at

me tamorphosis, is the histoliéis;af the prototrochal

- muscles. The loss of the prototrochal muscles has also
been reported in Arenicola cristata, although unexpectedly,

as the prototrochal cells are retained (Marsden and Pawson,

1981). -
Coelom anaVSE’;EQtat;gn
During metamorphosis in S. ¢ 1, the cerebral ﬁEy

ganglion separates from the overlying epidermis to form a
coelomic cavity, the head coelom, which iSrSépafatE from
the primary coelom. A similar separation of the cerebral

ganglion from the overlying epidermis has been described

in Armandia bdrevis (Hermans, 1966, 1978), Arenicola -
cristata (Marsden and Pawson, 1981), Branchiomma

vesiculosum (Wilson, 1936a), Pisione remota (Akesson, 1961),

and Scoloplos armiger (Anderson, 1959), although it is not.

clear if the cavities formed are true coeloms as in S.
;eméﬁggrigg_

There is no reorganization of the segmen%al coelomic
cavities of the trunk at metamorphosis. The body of the
adult sabellariid is divided into the opercular region
composed of the prostomium and first segment, 2 thoracie

segments, 3 parathoracic segments, the abdominal segments

and a caudal appendage (Fauchald, 1977). After segment



formation in the larva, which is described in the prgéeding‘v
chapter, the larval trunk consists of 2 thoracic, 3 para-
thoracic, and 3 abdominal segments except for S. cementar-
ium in whieh there is aniy one thoracic segment. Although
the second thoracic segment wi;%ﬁiqggyﬁuriﬁg the juvenile of
S. cementarium, it appears that the segmentation of the
adult is established prior to metamorphosis. The growth
zone in the Juvenile respcnsible_fer the formation of the
additional segments would be 1aeagsé in front of the caudal
appendage, while in S. cementarium there would be an add-
itional growth zone be tween the first thoracic and first:
parathoracic segments, responsible for the second thoraciec -
segment. This zone, however, cannot be detected in one
micrometer sections of the early juveniles.

Alimentary Tract

The histological reorganization of the larval alimeﬁfi
ary tract during metamorphosis is a common phenomena in the
planktotrophic larvae of marine invertebrates. For example,
in the veliger larvae of nudibranch molluscs (Bickell, 1978;
Bickell et al., 1981) and in echinoderm larvae (Burke, 1978;
Cameron, 1975; Chia and Burke, 1978), the larval guts
undergo a drastic reorganization into the adult guts. Until

the present study on S. cementarium, histological reorgan-

only been reported in Owenia fusiformis (Wilson, 1932) and

Polygordius (Woltreck, 1905). Both of these polychaetes,
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however, possess highly modified larvae and undergo aﬁ
atfgical metamarphosis;. Thus, this study Provides the firﬁt
evidence far the histological reorganization of the larval
stomach in a polychaete with a typ%cal Planktotrophic life
history.
In S. cementarium, the larval stomodeum and esophagus
were found to form the adult esophagus which has also been
- reported to occur in Pomatoceros trigueter (Segrove, 1941)
and Owenia ;psifg;ﬁig (Wilson, 1932). In contrast, the
larval esophagus and pharynx of aphroditids, pPisionids,
hepthyids, phyllodocids, aﬁd spionids ﬁr&duca a pair of
envaginations which appear to function as imaginal discs -
faf the replacement of the larval Pharngeal epithelium at
metamorphosis (Anéersan. 1973) and in Scoloplos armiger
the larval stomodeum forms the adult pharynx (Anderson,
1959). ) '
The glands within the esophageal epithelium are
discharged during the first day %f metgmérphasis.- As
stated earlier, it is not known if these glands are funct-
ional  within the late larval stages. It is possible that
they.ﬂsvelcp only to function during me tamorphosis as
f:'-)—f*"g}fé{?rlﬁay provide an enzymatic secretion whieh is involved
in the digestion of the oral hood and other larval tissues.
of the episphere. The loss of glands from the esophagus
has not previously been noted in larval polychaetes. .
During the metamorphosis of larval polychaetes, the

larval stomach and intestine usually form the adult midgut
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epithelium (Anderson, 1973). However, in S. cementarium
it appears that the larval stomach must undergo histologic-
al reorganization before it forms the adult midgut, while
the larval intestine is directly transformed into the
adult Intestine. This reorganization occurs in the region
of the vacuolated cells of the upper stomach. During the
first day of metamorphosis, the vacuolated cells undergo a
drastic increase in size so that they ablitefate the it
esophageal-stomach junction. By the third day-of metamgf§,
phosis, these cells have dissoclated, have begun to slough
off and phagocytic activity is apparent within this region.
-The larval stomach cells will be replaced by the stomach
epithelium_ As stated earlier, there is a proliferation
-of cells with zymegenilike granules in the later stage
iafvae- This was originally related to the extracellular
digestion of the algal cells but it may also be related to
the digestion of the larval stomach cells which accumulate

~ in the lower stomach and intestine during thls reargan;za-
tion period.

A build-up of 1ipid droplets occurred in tbekstcmach
cells of the late stage larvae and it may provide an
alternat;vé sauree of nutrition during metamcrphasis. as it
is doubtful if ’the juvenile muld be able to digest frood
during this reorganization period. Supportfor thris
assumption comes from Bickell (1978) who found a build up
of 1ipid in the digestive glands of the veliger larvae of

Doridella steinbergae, a nudibranch mollusc, prior to




metamofphcsis! She felt that the lipid may serve aé an
energy resource for metamorphosis, as the larval gut
undergoes a drastic reorganization at metamorphosis.

The histological reorganization of the stomach at
me tamorphosis is presumably related to the differences in
the diets between the larvae and adulte of S+ cementarium.
Although both the larvae and adults are suspension feeders,
the larvae feed exclusively on small phytoplankton while
the adults feed on 1érger plangicnic organisms (Fauchald
and Jumars, 1979). It appears that the stomach of larval
sabellariids is a specialized larval structure épeeifically
adapted to the diet of the larvae. It must undergo
histological reorganization into the adult stomach while
the other portions of the alimentary tract form the
correspondiﬁg structures.in the adult. This, however,
aﬁfears to be common to other polychaetes, as in Owenia
and Polygordius, the stomach is the only portien of the
alimentary tract which undergoes reorganization at meta-

morphosis.

Nervous System

Although the separation of the cerebral ganglion from
the overlying epidermis is common to all polychaetes, an
increase in the size of the cerebral ganglion has not

previously @iBn reported. In fact, the cerebral ganglion

of Pomatoc triqueter undergoes a decrease in size

(Segrove, 1941). Marsden and Pawson (1981) found a burst
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in neuron and synéptic diffgfentiatign in the cerebral

ganglion of Arenicola cristata at metamorphosis, however,

the ganglion did not increase in size. The rapid increase

in the size of the cerebral ganglion of S.

be due to a similar burst in neuron differentiation. As
pointed out by Marsden .and Pawson (1981) the rapid
differentiation of neurons at metamorphosis may be a common
phenomenon among marine invertebrate larvae as a similar
event occurs within the abdominal ganglia of the veligé}
larvae of the Dpisthabrancﬁ mollusc Aplysia californica at
me tamorphosis (Schacter et al., 1979a, b). Presumably this
increase in neuron and synaptic differentiation is related
~to the transition of the larval nervous system to that Qf-
the adult.
iAn interesting occurrence at metamorphosis is‘the

differentiation of the optic ganglia and the increase in
the differentiation of the eyes, Ecwevef. adult sabellariids
lack prostomial eyes. To undergo such a differentiation
the eyes must, therefore, serve a function in the

Juvenile stages af{§. cementarium. One possible function
is the detection of shadows which may serve as a predator
avoidance mechanism. Juvenile worms will extend up to one-
half their body length out of their tubes to collect sand
grains for tube building. Preliminary observations show

that the larvae will retract into their tubes in response to

a shadow over the entrance of the tube, As the adults do

not extend their bodies out of the tube, they would no



longer require such a predator avoidance mechanism and the
eyes would degenera£;. Additional evidence to support this
assumption comes from the fact that the eyes appear ex-
~ternally to have dlsappeared by tha»BE day pcst=settled
juvenile, at which time the juvgnile no lgnger e:tends out

of the tube.

Gland Cells

The discharge of gland cells is common among the
me tamorphosing larvae of sedentary polychaetes. In S.

cementarium, the epispheral and pygidial mucoid glands are

discharged in th§ initial events of metamorphosis and théy
are presumably involved in attachment., ' The discharge of
the epispheral glands is felt to be responsible for the
shnigking of the eplisphere. Discharge af;episyheral glands
is also associated with the reorganization of the episphefé

at metamorphosis in Arenicola cristata (Marsden and Pawson,

1981), Branchiomma vesiculosum (Wilson, 1936a), Dwen ia

fusiformis (Wilson, 1932), Pomatoceros trigueter (Segrove,

1941), and Spirorbis morchi (Potswald, 1965, 1978).

The parathoracic glands of S. ntarium are res-

ponsible for the secretion of the ﬁriméfy tube. Presumably
.all five gland cell types are involved in tube formation,
with some providing the mucoid materials and others provid-
ing the catalyzing substances. The discharge of the
parathoracic and thoraéié glands also occurs in Arenicola

(Marsden and Pawson, 1981), Owenia (Wilson, 1932),
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Pomatoceros (Segrove, 1941), Spirorbis (Potswald, 1965,
1978) and Branchiomma (Wilson, '1936a), where they are

involved in tube formation.
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D. DEVELOPMENT OF JUVENILE WORMS

Tﬁe Juvenile stages of S. cementarium resemble the
3uveniles of Phragmatopoma californica (Eckelbarger, 1977),
P. lapidosa (Eckelbarger, 1976), S. alveolata (Cazaux,
1964) and S. vulgaris (Eckelbarger, 1975). The rates of
growth for the juveniles>of S. cementarium ére much slower
than for these warm tempefate and tropical specigs. The
differenceé are presumably due to the differences in the
water temperatures at which the juveniles were raised.

Eckelbarger (1977) states that the primary paleae of
S. floridensis, S. spinulosa, and S. vulgaris resemble the

outer opercular paleae of the juveniles and adults and that

128

they are probéfly homologous. However, in §._cementarium>."'

the primary paleae resemble the primary opercular paieae
of the juveniles but not those of the adults. This is
because the adults of S. cementarium possess an atypical
outer opercular paleae when compared to other members of

the genus Sabellaria.

An interesting feature of the Juveniles of S,

cementarium, is the presence of ciliary sensory tufts on
th; dorsal surfaces of the opercular and thoracic regions.
This has not previously been reported for sabellariid
juveniles, These ciliary sensory tufts resemble those

described by Dorsett (1976) for adult Nereis and Aphrodite

aculeata, which are believed to be mechanoreceptors. It is

possible that the sensory tufts of S. cementarium juveniles
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[

are also Egchanafeegpta:s, Preliminary observations have
shown that the juveniles will retract into their tubes in
response to vibrations in the water. The ciliary tufts
presumably are resgansible for the perception of the
vibrations causing the juveniles to retract into their

tubes.
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Table 1:

in the Laboratory (10

Developmental §§§ﬁ§§

18t polar body
2nd polar body
18t polar lobe
2nd polar lobe
3rd polar lobe

and 1st cleavage
and 2nd cleavage

and 3rd cleavage

Pree swimming pretrochophore;
negatively geotactic

Eaély trochophore with apical
tuft and prototroch

Trochophore with provisional setae; L
appearance of defensive behavior

Feeding trochophore ;é

Metatrochophore; positively
phototactic

Formation of tentacle buds;
positively phototactic ‘

Nectochaeta competent to
me tamorphose; positively 7
phototactic; positively geotactic

Larvae begin crawling behavior;
metamorphosis; provisional setae
lost; anterior rotation of tentacles;
building of tubes

Juvenile; appearance of 2 pairs of
tentacles; settling paleae and larval
pigmentation still present; formation of
caudal appendage

Juvenile; appearance of 3rd pair
of tentacles; outer and inner paleae
present in operculum; few settling paleae

still present; caudal appendage well

Chronology of Larval Development and

Me tamorphosis of Sabellarig cementarium

Time (post-
fertilization)

1.5 hours
2 hours S
2.5 hours
5 heufs

5.5 hours

18 haurs-

23 hours
60-65 hours:

3.5-4 days
18 days

4 weeks )

5-6 weeks

6-8 weeks

7-9 weeks

10-12 weeks
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Tadble 1: Continued
formed; loss of larval pigmentation

Juvenile; complete loss of settling 12-15 weeks
paleae; inner, middle, and outer '

primary paleae present; appearance of

2nd thoracic segment :
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Legend:

B - Branchia

BO - Building organ

DS - Dorsal setae

I - Inner opercular paleae
O - Outer opercular paleae
TF - Tentacular filaments

U - Uncinigerous lobe

VS - Ventral setae

Diagram of the anterior end of Sabellaria
(after Ebling, 1945) .






Figure 2: Scanning electron micrographs (SEM) of the
anterior end of adult Sabellaria cementarium.

A. ARight lateral view of the prostomium of an adult
worm showing the prominent operculum characteristic
of sabellariids. Scale bar = 0.5 mm

B. Froptal view of the operculum of an adult worm.
Note the numerous tentacular filaments on either side
of the operculum. Scale bar = 0.5 mm

Legend
0C - Opercular cirri

OP - Operculum
T - Tentacles
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Figure 3: Early embryogenesis of S. cementarium.

A.

280

Unfertilized oocytes after germinal vesicle breakdown.
Note the ellipsoid shape of the vitelline membrane.
Scale bar = 30 um

Fertilized oocyte which has releasedrfirst and second

polar bodies. Note the rounding up of the vitelline
membrane. Scale bar = 30 ,m

Oocyte in trefoil stage. Note the large first polar °
lobe. Scale bar = 30 um : . :

1]

Late cleavage stage. Scale bar 30 um

egend:

Polar body
Polar lobe
Vitelline membrane
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Figure 4: Development of the planktonic larvae of

A.

S. cementarium, I.

Free swimming, 18 hour blastula. Note the prominent
vitelline membrane surrounding the blastula.
Scale bar = 40 um

Trochophore 23 hours old with long apical tuft.
Scale bar = 40 um :

Trochophore 44 - 46 hours old. Moderate gqéigh of the
larva accounts for its increase in size,
Scale bar = 40 um

Trochophore 62 hours old with newly formed provision-
al setae, Note the faint outline of the developing
gut. Scale bar = 4O ym

Legend:

AT - Apical tuft

PS
PT
M

Provisional setae
Prototroch
Vitelline membrane
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Figure 5: Development of the planktonic larvae of
S. cementarium, II.

A. Dorsal view of 65 hour trochophore. Note the
presence of two pairs of provisional setae and the
forming gut. Scale bar = 40 um

B. Dorsal view of 3.5 day o0ld trochophore. Note the
length of the provisional setae compared to the
body of the larva. Scale bar = 40 Jm

C. Dorsal view of 5 day old trochophore showing the
developing alimentary tract. Scale bar = 40 um

D. Dorsal view of 12 day old trochophore. The eyespot
can be seen on the right side. Note the well-defined
alimentary tract. Scale bar = 40 Jm : . ‘

Legend:
AT - Apical tuft
E - Eyespot ,
G % Gut — Sl I R S
PT - PrOtOtrOCh_ L A ‘..4. - .... T /.’. R P
X L
. - ._‘...
..
e e - g e - s A e ks






Figure 6: Development of the planktonic larvae of

A.

L]

S. cementarium, III.

Dorsal view of 18 day 0ld metatrochophore. .
Scale bar = 40 um

Right, lateral view.of a larva developing tentacle
buds approximately 4.5 weeks old. Note the
prominent oral hood fold. Scale bar = 40 .m

left, lateral view of a competent larva, 7 weeks R
old. Scale bar = 40 um '

Ventral view of a metamorphosing larva in which the
tentacles, opercular cirri, and setal sacs have

begun to rotate anteriorly. Arrows indicate the

decrease in size of the prostomium. Also note the :
enlarged building organ and provisional setae which .-
have begun to drop out. Scale bar = 40 um :

Legend:

BO
E

M

ocC
OH
PS
ST
T

TB
UL

Building organ
Eye L . L i
Mouth e Lt i T e e
Opercular cirri : : e T
Oral hood fold
Provisional setae
Stomach

Tentacle .
"Tentacle bed
Uncinigerous lobe
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Figure 7: SEM of 23 hour_trochophore and 65 hour
trochophore.

A. Dorsal view of a 23 hour trochophore. Thé& apical
end is obscured from view. Note the €land pore
below the prototroch and the posterior cilia on the
hyposphere. Scale bar = 10 um

B. Lateral view of a 65 hour trochophore with 2 pairs of
provisional setae. Note the long cilla of the apical
tuft and the gland pore above the prototroch.

Scale bar = 20 ym

-~

Lege nd: - » N - R ‘
AT - Apical tuft e L
C - Cilia L
GP - Gland pore . T ,
PS - Provisional setae - Sy
PT - Prototroch 6. : S
4 PR Wi g M fen ,»,:‘_.:‘Av;l-.'\. .—I_.'#-o'—:é
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Figure 8: SEM of 5 day old trochophore. L
A. Ventral view of a larva showing the pramiﬁe\it oral
ciliation and the neurotroch leading from the mouth.
Note the prototroch is composed of 2 bands of cjlia.
Scale bar = 10 um . l -
B. Apical tuft of the same larva. Scale bar = 10 um
C. Dorsal view of a larva showing the length of the
‘provisional setae in relaticn to the body and the
- gap in the prototroch on the dorsal surface.
Scale bar = 20 um - 14
1
legend: ) \ o ) :
AT - Apical tuft S
M - Mouth ’ *
NT - Neurotroch © e . -
PS - Provisional setae - & ; BRI
‘4 S . ;
. : o ) R & | .
B TR e S 3\ . PR ‘ A






Figure 9:- SEM of metatrochophore larva and larva with

A.

Lege

Q
Q
'

OH -

3%y
Hw 3
U

tentacle bduds. .

" Left, lateral view of me tatrochophore showing the

oral hood fold surrounding the mouth on the ventral
surface and the prominent telotroch and grasping
cilia on the pygidium. Scale bar = 20 um

Lateral view of the grasping cilia from the pygidium
of the metatrochophore larva. Note how they are
composed of individual cilia. Scale bar = 10 um

‘Dorsal view of larva with developing tentacle buds.

Note the gap in the prototroch on the dorsal surface
of the episphere. Scale bar = 50 um

nd:

Grasping cilia

Oral hood fold _ i o
Prototroch L , , e
Tentacle bud o : e
Teletroch - -
“\ i .
— J .
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Figure 10: SEM of competent larvae.

A. Left, lateral view of a competent larva. Note that
the prototroch is composed of two ciliary bands.
Scale bar = 50 um

B. Ventral view of a competent larva showing the
neurotroch which extends from the mouth to the
telotroch. Scale bar = 100 um '

C. Dorsal view of a competent larva. Note the dorsal
hump situated between the tentacles, the parapodial
lobes on the parathoracic segments, and the
uncinigerous lobes on the abdominal segments.

Scale bar = 50 um .

Legend:

AS Abdominal segments _

E Episphere 1 o -

DH Dorsal hump . ;

NT Neurotroch

P Pygidium

PS Parathoracic segments , .

PT Prototroch o s

T Tentacle - S

TS Thoracic segment

TT Telotroch

D A s

&
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i
L
- -~ P e I L £ i e et ol i
—
T






Figure 11: SEM of a competent larva showing the tentacle
and mouth.

A. Lateral view of the tentacle showing the ciliated
groove which extends along the entire length:of
the ventral surface. Scale bar = 10 um .

B. Dorsal view of the tentacle showing the ciliary
sensory tufts. Scale bar = 4 um

C. Ventral view of the episphere showing the mouth
Surrounded on either side by the 1lip folds. Note
also the building organ located below the mouth
and the opercular cirri. Scale bar = 20 um

Legend:

Buildfhg organ

Ciliary tract

Lip fold

Moui)

Operdilar cirri ' - .

Sensory tuft - L

BO
T
LF
M
OP
ST

F O







Figure 12: SEM of a competent larva showing the uncini
and setae. ’

A. Frontal view of the uncini of the abdominal un-
cinigerous lobes. Scale bar = 2 um

B. View of the provisional setae showing the collar
serrations which extend along the length of the setae.
Scale bar = 4 um

C. Dorsal view of the parathoracic segments showing the
winged and capillary setae of the parapodial lobes.
Note also the nototrochs on the posterior margins 4
of the parathoracic segments. Scale bar = 10 um

Legend:

CPS - Capillary setae

CS - Collar serrations
NT - Nototrochs

UL - Uncinigerous lobe
WS - Winged setae
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Pigure 13: SEM of a competent larva showing the epidermal
€land pores.

A. Ventral surface of the parathoracic segments showing
the numerous recessed gland pores. Ciliary sensory
tufts can also be seen. Scale bar = § um

B. Dorsal surface of a tentacle of the competent larva.
The raised gland pore can be seen along with secretory
material which was presumably discharged from the
€land. Scale bar = 5 um

N
Legend: ‘ ) A .
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Figure 14: SEM of episphere and pygidium of a competent

A.

B‘

c.

Lege

A -
GP -

-3 g
e X )
[ |

larva.

Apical view of the episphere showing the raised
€land pores. Scale bar = S0 um

Enlargement of episphe;al g€land pores.
Scale bar = 10 um

Pogsterior view of the Pygidium showing the numerous
raised gland pores surrounding the anal opening.
Scale bar = 10 um '

nd:
Anus :
Gland pores
Prototroch : - . : S
Telotroch ‘ . o [P RUE
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Figure 151 Diagrammatical representation of the behavior

L]

of the competent and me tamorphosing larvae
. of S. cementarium.
Competent larva exploring the sand grains with the
top of its episphere. Arrows indicate the rotation
of the larva.

Competent larva exploring the sand grains with its
bullding organ.

Me tamorphosing larva crawling over the substrate.

The extended tentacle determines the direction of -
movement.

o






Piguf'e 16: Defensive behavior of the planktonic larva,

A. Larva swimming with the provisional setae at the sides-
' of the body prior to irritation. Scale bar = 40 um

B. La.rva which has been irritated. Note that the setae
are erected to surround the body. Scale bar = 40 um

L

- Legend:

PS - Provisiqné.l setae
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Figure 17: Transmission electron micrographs (TEM) of

A.

the cuticle of a 5 day trochophore.

Section through the cuticle derived from the vitelline
membrane showing Zones I and II. Note the branching
microvilli extending from the epidermal cells.

Scale bar = 0.05 um

Section through the newly secreted larval cuticle.
Note the absence of Zones I and II which were present
in the cuticle derived from the vitelline membrane.
The number of microvilli extending from the epidermal

cells is reduced. Scale bar = 0.05 um

Legend:

5 oy mg s

-~ Zone 1

Zone 11
Cilium

Lipid droplet
Microvilli
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B e
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Figure 18: TEM of prototrochal cells and esophagus of a
5 day trochophore.

A. Section through the prototroch showing the cuboidal
shape of the prototrochal cell and the insertion of
the prototrochal muscle below the prototrochal cell.
Note the long, primary ciliary rootlets and the
mitochondria within the prototrochal cell.

Scale bar = 1 um

B. Section through the esophague showing the cuticular
lining of the esophageal lumen. Note the numerous
microvilli extending from the esophageal cells through
the cuticle. Scale bar = 1 um

legend:

Cilia

Ciliary rootlet .

Cuticle . ,
Lipid droplet ’ :
Mitochondria

Muscle

c
CR
CuU
L
MI
M
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Figure 19; Setal sacs.

A.

\

Frontal section of a 46 hour trochophore showing a
developing setal sac. At this stage the sac contains
two chaetoblast cells. Note the developing provisional
seta, indicated by the arrow. Scale bar = 5 um

Sagittal section of a 65 hour trochophore. Note the
increase in the number of cells comprising the setal
sac. Scale bar = 5 um

Sagittal section of a metatrochophore with tentacle buds
showing the undifferentiated chaetoblast cells in the
parapodia of the parathoracic segments.

Scale bar = 10 um

Frontal section of a competent larva showing the para-
-podial setal sacs of the parathoracic segments. The
chaetoblast cells are located basally in the sacs and

they are indicated by the arrows. Scale bar = 10 um S
Legend: -
CU - Cuticle - . e
E - Esophagus e ' o o T
PS - Parathoracic setal sac SR DR
S - Seta
SS - Setal sac
ST - Stomach
TT - Telotroch
v - Vacuoles
VC - Vacuolated cells . - e
VNC - Ventral nerve cord - R , T
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Figure 20: TEM of an oblique section through the setal

sac of a 5 day trochophore.
Muscles invest the outer surface of the setal sac.
Located within the setal sac are the lateral cells
which secrete the cuticular lining of the follicle in
which the provisional seta lies. Microvilli extend
through the cuticle from the lateral cells. Note the
microvilli at the base of the follicle on which the

setae are formed. Scale bar = 0.25 ym

Legend: .

CB

<U)t“§z

Chaetoblast ceRl . , .
Muscle B E
Microvilli .

Lateral cell

Seta

Vacuole

o, g i






Figure 21: TEM of sections through the provisional setae
of a 5 day trochophore. -

A. Oblique section through a provisional seta showing
the channels which extend the length of the seta.
Scale bar = 0.1 um

B. Section through the base of a follicle in which the -
provisional seta lies. Note the basal lamina lying
between the muscle and the chaetoblast cell and the
prominent microvilli of the chaetoblast cell on ——
which the setae are formed. Scale bar = 0.1 um

legend:

Basal lamina

Channel -
- Muscle ’
Microvilli
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Figure 22: Development of ‘muscle system, I.

A.

B.

C; ’

L

Del

Lege

CEV -
E

EM
PM
PMC
PTC
PTM
SEM
S8
SSM

£ 3

Sagittal section of a 3.5 day trochophore showing the
developing setal sac muscles which surround the setal
sacs. Note the large cell containing numerous vacuoles
in the posterior region of the esophagus. '

Scale bar = 5 um - '

Frontal section of a 3.5 day trochophore showing the
developing medial branch of the prototrochal muscle,
which exteands from the prototrochal cells to the setal
sac muscles. Scale bar = 5 um ' ,
Frontal section of a 5 day trochophore showing the
prototrochal and esophageal muscles. Note the hyper-
trophy of the muscles relative to the 375 day )
trochophore. Scale bar = 10 um

Frontal section of a meMgtrochophore with tentacle buds
showing the supraesophage®® and setal sac muscles

Note the circumesophageal bléod vessel located wifhin
the peritoneum associated with the longitudinal muscles.
Scale bar = 10 um ' : . :

= -

nd:

Circumesophageal blood vessel

Esophagus . :
Esophageal muscle -

- Prototrochal muscle ) ‘
Presumptive mesodermal cells

- Prototrochal cell ’

Prototrochal "muscle.

- Supraesophageal muscle

- Setal sac :

- Setal sac muscle

] LIS |

K3






Figure 23: Development of muscle system, II.

A.

‘Frontal sectiqn of a metatrochophore with tentacle buds_

showing the supraesophageal muscle which extends from
the esophagus to the setal sac muscles. Note the
posterior branch of the setal sac muscles which insegts
onto the longitudinal muscles. Scale bar = ‘10 um :

Frontal section of a metatrochophore with téhtgele buds
showing the lateral muscle of the episphere which
originates at the base 'of the tentacle and inserts

onto the setal sac muscles. Scale bar * 10 um

Frontal section of a metatrochophore with tentacle buds

$howing the ‘medial branch of the prototrochal muscle,
Scale bar = 10 um

Frontal SEét!!ﬂ of a competent larva showing the s2tai

sac-esaphageal‘muscle complex. Note the supraesophageal
muscle and the posterior branch of the setal sac mudfles
which insert onto the .setal sac and longitudinal muscles,.
respectively. Scale bar = 10 um ' .

> . ‘ o ;

Legend: i . “ \ ] : o

i
L]

Esophagus - -
Longitwdinal muscles . " )
Medial branch of the prototrochal muscle
Supraesophageal muscle

- Setal sac » * ool

- Setal sac muscle - ' L :
Stomach ~ R R T SRR SO
| - Tentacle L ' ‘ R '
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Figure 24: Development of muscle system, III.
A. Frontal,section of a competent la¥va showing the ,
esophageal connection of the setal sa¢ -muscles.
Scale bar = 10 um

B. Frontal section of a competent larva showing the medial
branch of the prototrochal muscle. Note the ventral
root of the circumésophageal commissure lying below the
epidermis. i?ale bar = 10 um

€. Cross-section of a competent larva through the region
of the intestine. * Note that the dorsal longitudinal
‘muscles appear larger than the ventral longitudinal
» muscles in cross-section. Scale bar = 10 um

D. Cross-section of a competent larva showing the thin
» band of circular muscle lying below the epidermis.
Scale bar = 5 um .

FJ - »
Legend: (, ’ '
CM - Circular muscle .
DLM ° - Dorsal longitudinal muscle -
E - Esophagus . - .
ECSSM - Esophageal cdonnection of the setal sac muscles
EG - Esophageal glands :
MBPTM - Medial branth of the prototrochal muscle
NT - Neurotroch =~
SS - Setal sac
«ST - Stomach S
VLM - Ventral longitudinal muscle | o
VR --Ventral root of . the circumesophageal commissure
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Figure 25: Development of the,caelamicségvities!

A. Prontal section.of a 5 day trochophore showing the
primary coelomic cavif_y Note the presumptive meso-
dermal cells located in the hyﬁcsphere which will form
the prepygidial growth zone in the later stage larvae.
Scale bar = 10 ym

B. TEM sectian thmugh the esophagug .of a 5 day troch-
ophore showing a p@rtmn of the peritoneum lying above,
the esophageal cells, "Scdale bar = 1 um

c. Sagitt:‘!secticn of a metatrccﬁaph re with tentacle
buds showing the primary coelomic cavity and the -
segmental coelomic cavities, Scale bar = 20 im

D. Enlargement of the segmental coelomic cavities shaw;ng
the thin septa which separate the coelomic cavities,
Scale bar-= 0 um } .

Legend ‘

'

E - Esophagus 7 N

P - Peritoneum ‘ R S

PC - Primary coelomic ca\rl_ty : Ce _

PMC - Presumptive mesodermal cells S )

SC - Segmental coelomic cavity _ I : '

35 - Setal. sac -

SSM - Setal sac muscles

ST_ - Stomach ) .

VC™ - Vacuolated cells o .

» L ‘1‘,. »‘:

R






[y i

Figure 26: Development of alimentary tract, I.

the numerous lipid droplets located within the cells

and the rudiment of the lateral mucoid gland q;lli

Note the invagination which may represent the -

developing stomodeal invagination. Scale bar = 10 um -

A. Sagittal sectign of an 18 hour pretrochophore showing

B. Er@ss—secticn of a 23 hour trochophore showing the
developing esophagus and stomaoh. Scale bar = 5 um
) - L
C. Sagittal section Zf a 44 hour trochophore showing the
stomodeal invaginftion and stomach. Scale bar = 5 am

D.- Frontal section of a 44 hour trochophore showing the
esophagus and stomach. Note the cancentration of lipiqd
droplets within the esophageal cells and the sparse - .
ciliation of the stomaczfzglls. Scale bar = 5 .m
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Stomodeat invagination
- Lipia arcplefg

- Mucoid gland cell z
- Prototrochal cekl . C e R
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Figure 27: Development of alimentary tract, II.

A.

N E [ ]

C.

D.

)

Legend: - S e o / ‘ .

E

MG
PT
S
sS
ST

’ : : : ‘ 4

Sagittal section of 65 hour trochophore showing the

columnar esophageal cells. Note the setal sacs and. u
.paired, lateral mucoid gland cells. Scale bar = § m

% = '

Sagittal section of a 65 hour trochophore showing the
large vacuolated cell of the postero-lateral portion

of the esophagus. Scale bar = 5 .m . ‘
Cross-section of a 65 hour trochophore showing the
esophagus and stomach. Note the reduction in number

of the lipid droplets within the esophageal and stomach

, cells. Scale bar = 5 um ) o,

Frontal sectign of a 3.5 day trachephgre‘showing the
elongation of "the esophagus. Arrows indicate the
cuticular lining of the esophageal lumen.
Scale bar = 5 um ’ :

® - .

- Esophagus , L o _

= Mucoid gland cells N o
- Prototrochal cell S

- Seta ) - F.
- Setal sa¢ ' -
Stomach

»-:P‘» PR :i & wdw gﬁu&,—,é.”.' -2 e L wos






Figure 28; Dévelapment of alimenta
f : .

A.

Sagitfal section -of a
*septum which demarcate

- '

[}
[ J—

#

Scale bar = 20 Hm _ .

#

ry tracét; III; .

=

B. Frontal section of a metatrochophore. The arrows

C.

D.

indicate the dense bardér‘&i,cilih within the
the esophageal-stomach junc

Sagittal sedtion
yacuolated cells

of a metatrochophore showing the
of the upper stomach. Note the

elongation of the stomach and the presence of

_humerous 1i

Scale bar = 10 um

Cross-section of a metat

pid droplets within +he stomach cells.

of the stcmacgz Note the stomach cells possessing

presumptive 2z

ogen granules,

Legend:

Esophagus

Intestine’ A
Lipid droplets - aA
Presumptive zymogen granules
Septum :

Setal sac

Stomach _
Vacuolated cells_

5 day trochophore shgwiﬁg the
s the stomach and intestine.

lumen of
ion. Scale bar = 5 um

. 1
rochophore through the region
Scale bar = 5 um
L1 ) N \
R :






Figuref29= Develé?ment gf:alimenta;y tract, IV.

A. Frontal section of a metatrochophore with tentacle buds
showing the light and dark -staimwing cells of t

esophagus. Scale bar = 10 u

.- ) e
B. Frontal section of ; me tatroghophore with tentacle buds
showing the rudiments of the esophageal glands. -

<«

Hi) Scale bar = 5 um - _ .
C Ff-anta]:\se\:tion of a competent larva shawing{r the

esophageal gland cells which contain the pink-staining
flocculent material.* Note the medial branch of the
prototrochal muscle and the venptral ganglia.

Scale bar = 10 um . N

D. Frontal section of a competent 1arva‘é£cwing the
vacuolated cells of the stomach. Note the thin .
septum separating the stomach and intestine and the
weakly ciliated cells of the intestine.

Scale bar = 10 um

egend:
£ E&

- Dark-staining cells of the esophagus
- Esophagus ’ :
- Esophageal glands )
Light -staining cells of the esaphagu§§%1
Medial branch of the prototrochal muscle
Septum :

Stomach . :

Vacuolated cells T o .
- ‘Ventral ganglia * m :
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Figure 30: TEM of the stomach of a 5 .day trochophore.

A

Section through the stomash showing the vacuolated cells
of the upper stomach. Notd the presence of microvilli
on the vacuolated cells. The lower esophagus can be
seen in the upper right. Scale bar = 5 um

. Y
Enlargement of the vacuolated cells of the upper
stomach. Arrows indicate the vacuoles which enclose
a flocculent material. Scale bar = 0.25 um
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Figure 31: Development of nervous system, I.

" A. Frontal section of a 12 day trochophore showing the
Cerabral ganglion. Scale bar = 10 um

B. Frontal section of a metatrachgéﬁbre showing the dorsal
root of the circumesophageal commissure ‘and the sub-
esophageal ganglion. Scale bar = 10 um y

C. Frontal section of a metatrochophorp showing the
cerebral ganglion which is now bilobed. Note the
marked enlargement of this ganglion. Scale har =-5 um.

D. Prontal section of a me tatrochophore showing the

developing pigment-cup eyespot and the ventral root

of the circumesophageal commissure. Scale bar = S5 um

-

Legend:

9]
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I

Cerebral ganglion : o , y
Dorsal root of the circumesophageal commissure
Esophagus .

Eyespot ' : .
Mucoid gland cell N o
Prototrochal cell ’
*Subesophageal ganglion

Stomach

Vacuolated cells o '
Ventral root of the circumesdphageal commissure
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Figure 32: Development of nervous system, I1I.

.A. Frontal section of a mefatr!%hnphare with tentacle buds
showing the dorsal and ventral roots of the circum-
esophageal commissure. Note the ventral nerve cord -
which first becomes apparent in this stage.

Scale bar = 10 um '

B. Frontal section of a me tatrochophore with tentacle buds
: showing the subesophageal ganglion. Note the enlarge-
ment of this ganglion. Scale bar = 10 um

C. Sagittal section of a me tatrochophore with tentac;é budg
showing the Subesophageal ganglion. Note the rudiments — -

of gland cells A, B, and C. Scale bar = 10 um
D. Frontal section of a competent larva showing the bilobed
cerebral ganglion. Scale bar = 10 um .
Legend: ,7 .
'CG - Cerebral ganglion o -
DR - Dorsal root of the circumesophageal commissure-
E - Esophagus
€AB - Rudiment of gland cells A and B .

€C - Rudiment of gland cell C
SEG - Subesophageal ganglion
ST - Stomach

VNC Ventral nerve cord

R R i S L e L T I RS )

VR - Ventral root of the circumesophageal commissure -
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Figure 33: Development of nervous system, III.

A. Sagittal section of a compe tentaglarva showing the
cerebral ganglion, eyespot,, and apical sensory cell.
Arrows indicate the connectives from the cerebral
g€anglion to the eyespot and sensory cell.

Scale bar = 5 ym

B. Sagittal section of a compe tent a showing the
positions of the dorsal and vent roots of the
circumesophageal commissures in relation to the cerebral
ganglion. Scale bar = 5 um

Hﬁ,i

C. Frontal section of a competent larva showing the dorsal
and ventral roots of the circumesophageal commissure,
Subesophageal ganglion, and ventral ganglia. Note
the glandularity of the building organ.

Scale bar = 10 um

D. Cross-section of a competent larva ‘showing the paired
ventral nerve cords. Note the numerous lipid droplets
within the stomach cells. Scale bar = 10 um ' .

Legend:

AT - Apical sensory cell
BO - Building organ

CG - Cerebral ganglion
DR - Dorsal root of the circumesophageal commissure
E - Esophagus :
EY - Eyespot

g8 - Gland cell type B

L - Lipid droplets

IM - Longitudinal muscles
MG - Mucoid gland cells

SEG - Subesophageal ganglion
VG - Ventral ganglia

.VNC - Ventral nerva cord

VR -

Ventral root of the circumesophageal commissure

-
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A.

Sagittal section of a metatroc

developing Supraésophageal and
blood vessels. Note the mucoid gland

Scale bar = 20 im

Figﬁre 34, Circulatory system. .

hophore showing the
circumesophageal

cells which
extend from the episphere to the pygidium, .

Frontal section of a competent larva showing the
Scale bar =

Supraesophageal blood vessel.

Cross-section of a competent larva s
dorsal blood vessel lying above the Supraesophageal

10 um

howing the

muscle. 'Note the thin membrane surrounding the

lumen of the blood vessel and the prominent nucleus
~0of the membrane. Scale bar =

Cross-section of a competent 1

dorsal and ventral blood vesse

Legend:

CEV
Ds
Dv
E
EY

&

MG
S
SEV
SS

3

Circumesophageal blood vesse
- Dorsal blood sinus

- Dorsal blood vessel

- Esophagus

- Eye -

- Longitudinal muscle

10 1m

arva showing the
1s. Scale bar = 10 um

1

- Mucoid gland cell -
- Supraesophageal muscle

- Supraesophageal blood vessel -

- Setal sac

- ‘Stomach :

- Ventral blood sinus

R
-
G

R R b e 2t TLE R IS






Figure 35: Diagrammatical representation of blood
vesgsel formation. .
A. Formation of a blood vessel by the separation of the
apposed surfaces of a mesentery.

B. Formation of a blood sinus by the separation of the
mesoderm from the wall of the gut.
.

Legend: Y B : A

S - Blood sinus : :

BV - Blood vesgsel . . . < U

B
B
M - Mesoderm
N - Nucleus’

Q.
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igure 36: Development of gland cells, I.

b ]

+ Cross-section of a 23 hour trochophore showing the
developing lateral, unicellular mucoid g£land located.
above the prototroch. ,Seale bar = 5 um

Cross-section of a 65 hour trochophore showing the
further development of the lateral mucoid gland. Note
the increase in the amount of secretory material
within the gland. Scale bar = 5 um

[ wn ]

C. Frontal section of a 3.5 day trochophore. An apical
mucold gland, situated above the esophagus, first
appears in this stage. Note the well developed setal
sacs. Scale bar = 5 um _

D. Frontal section of a 3.5 day trochophore showing the

enlargement of the lateral mucoid gland. Note the

prominent vacuolated cell located in the upper stomach.
Scale bar = 5 um :

Legend: ( .
E - Esophagus

MG - Mucoid gland

PTC - Prototrochal cell

S5 - Setal sac

ST - Stomach

VC - Vacuolated cell
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Figure 37: Development of gland cells, II.

A. Frontal section of a 12 | 'itrﬂchaphare showing the
lateral and apical my _ ands. Scale bar = 5 um

B. Frontal section of a 12 day trochophore showing the
presence of mucoid glands in the elongating hyposphere.
Scale bar = 5 um PR :

-C. Sagittal section of a metatrochophore showing the
appearance of loculated gland cells in the episphere.
Note that the mucoid gland cells are the major cell
type of the episphere. Scale bar = 10 um :

D. Sagittal section of a metatrochophore showing the
mucoid and loculated gland cells of the pygidium.
Note the presence of large lipid droplets within the
stomach-cells. Scale bar = 10 um

Legend:

Esophagus

Lipid droplet -

Intestine . L e e
Loculated gland cell RS : S
MG - Mucoid gland . RN SRV o
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Figufe 38: Development of gland cells, III.

Ai“agagittal section of a competent larva showing the mucoid
g€land cells located in the episphere and pygidium.
Scale bar = 20 um :

Sagittal section of a competent larva?ghewing gland
cell types A, B, C, and E. Note th large setal sac.
Scale bar = 10 um

o

(9]

Sagittal section of a competent larva showing gland cell
types C and D. Note the building origan located below
the oral 1lip fold and prominent longltudinal muscle.
Scale bar = 10 um

Cross-section of a competent larva showing the building
organ composed of type A and B gland cells. Note the
prominent gland cells located within the fésteriar

\U\

region of the esophagus. Scale bar = 10

)
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Building organ : ; e
Esophageal glands ‘ T L e
Gland cell type A : RIS o
Gland cell type B
Gland cell type C
D
E
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Mucold glahd cells . S ,
Setal sac : L . T e
Vacuolated cells S -

o
!

SOEELRBRRRES

= s‘—-\\

P e e b ] a@-ia*-a#'«-%*‘v i o






Figure 39: TEM of apical gland cells in a 5 day trochophore.

A. Frontal section through the apical unicellular mucoid -
gland showing the fibrillar material comprising the
mucoid secretion. Scale bar = 1 um

‘B, Enlargement of mucoid gland. Arrows indicate the thin
cell membranes surrounding the mucoid secretion.
Scale bar = 1 um )

Ccu Cuticle B ) : . v
E - Esophagus /

G - Gland )

N = Nucleus

—
Ed L]
]
L AP L S Y I i S [ e R = . =






e

Figure 40: Larval tentacles.

A.

e &

Frontal section of a metatrochophore %ith tentacle buds.

‘Note the ring muscle of the tentacle connecting to_the

Supraesophageal muscle and to the peritoneum of the
longitudinal muscle. -Situated within the peritoneum of
the longitudinal muscle is a circumesophageal blood
vessel. -Scale bar = 10 um

Cross-section/through the distal ends of the tentacles
of a compete larva showing type D and E €land cells., —
Note the sensory tuft. Scale bar = 10 um

Longitudinal section of a tentacle of a compe tent larva
showing the longitudinal muscles. Scale bar = 10 um

Cross-section through the proximal end of a tentacle
showing the lateral and medial coelomic cavities which
are separated by a blood vessel. Note the insertion
of the longitudinal muscles onto the ring muscles,
Scale bar = § yum )

Legend: ;
BV - Blood vessel i
CEV - Circumesophageal blood vessel
CT - Ciliary tract :
E - Esophagus
gD - Gland cell type D
€€ - Gland cell type E R
IC - Lateral coelomic cavity
IM - Longitudinal muscle
MC - Medial coelomic cavity
P - Peritoneum
RM - Ring muscle
SEM - Suprgesophageal muscle - ) . 3
SEV - Supraesophageal blood vessel . A
ST - Sensory tuft . ‘ip
T - Tentacle .
)
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Figure 41: Diagrammatical I‘EpI‘ESEﬁtﬂtan of gregariaus‘
settlement of the larvae of S. cementariu
in the dish canta;ning the tube sand o
Idaﬁt I'VY8uUs
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Figure 42:

Diagrammatical representatiom of gregarious °

settlement of the larvae of S. cementari

in the dish containing the tube

- Phragmatopoma lapidosa.

Scale bar = 300 um
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Figure 43: Metamorphic changes in the eutlcle and the
coelomic cavities. .

A. Sagittal section of a 2 day pcstaséttled juvenile
showing the parathoracic cuticle in the region of
glandular discharge. Note the presence of gland
cell types A and B. Scale bar = 10 um

B. Sagittal section of a 3 day pastesettled juvenile
§hUWIﬁg the bilayered cuticle. Scale bar = 10 im

C. Cross-section of a 1 day post-settled juvenile
showing the newly formed head coelom. Note that
the primary coelom is retained.

Scale bar = 10 im

D. Sagittal section of a 3 day past—settled juvenile
showing the pygidial coelomic cavity. Note the
numerous loculated gland cells within the pygidium -
and the reduction in number of muceid gland cells..
Scale bar = 10 um

Legend:

CU <~ Cuticle

gB - Gland cell type B : .

HC - Head coelom : R T T

LG - Loculated gland cells ; e _

IM - Longitudinal muscles » ‘ : coe

MG - Mucoid gland cells

PC - Primary coelomic ‘cavity

PS - Parathoracic setal. sac e A,
Pygidial coelomic cavity o ' -

SS - Setal sac
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Figure U44: Metamorphic changes in the epidé:ﬁis;

A. Cross-section of 1 day post-settled juvenile showing
the prototrochal cell. Note the reduction in the
number of prototrochal cilia. Scale bar = <5 um

B. Sagittal section through the prototrochal region of
a 2 day post-settled juvenile. The prototrochal cell
is barely visible due to the atrophy of the cell.
Note the settling paleae in the setal sac.

Scale bar = 5 um

Sagittal section through the pygidium of a 3 day
post-settled juvenile showing the reduction in the
size of the telotrochal cell and the number of cilia.
Scale bar = 5 um .

(9]

D. Sagittal section of a 3 day post-settled juvenile
showing the numerous mucoid glands in the epidermis.
The prototrochal cell is no longer visible. :
Scale bar = 5 um

-

Legend:
1G

¢ Loculated gland cell - :
-MG - Mucoid gland cell ‘ et Al
P Settling paleae . o .
PT - ™ototrochal cell . : e
SS - Setal sac : L
TT - Telotrochal cell
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Figure 45: Metamorphic changes in the setal sacs.

A.

gmg §
3
o |
Pu
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Cross-section of a 1 day post-settled juyenile showing
the setal sacs containing the settling paleae. Note

that the setal sacs are unchanged. Scale bar = 10 um

Sagittal section éf a 2 day post-settled juvenile
showing the reduction in size of the' setal sacs,
presumably due to histolysis. Note the loculated

gland cells in the prostomium and the head coelom.

Scale bar = 10 um
Sagittal section of a 3 day post-settled juveﬁile
showing the further reduction of the setal sacs.
Scale bar = 10 um ’

Sagittal section of a 3 day paétisettled,juvenile

showing the setal sacs of the parathoracic parapodia.
Note that they have remained unchanged during :

metamorphosis. Scale bar = 10 um :

Cerebral ganglion

Esophagus , R .
Head coelom S
Loculated gland cells ' B
Longitudinal muscles : I
Settling paleae ' : ,
Parathoracic setal sacs -
Setal sac
Stomach
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Figure 46 Me tamorphic changes in the muscle system, I.

A.

—
Cross-section of a 1 day post-settled juvenile ,
showing the disorganization of the medial branch EI
the prototrochal muscle. At this time the setal
Sac muscles resemble those of the competent larva.
Scale bar = 10 um -

Cross-section of a 1 day post-settled juvenile
showing the broken band of longitudinal muscles.

Scale bar = 10 um

Cross-section of a 1 day post-settled juvénile
showing the broken connections of the supraesophageal
muscle and the setal sac muscles to the longitudinal
muscles. Arrows indicate the broken muscle bundles.
Scale bar = 10 um

Cross-section of a 1 day post-settled Juvenile
showing the dorsal and ventral longitudinal muscles
which remain unchanged during metamorphosis.

Scale bar = 10 um '

Legend:

DLM
I

SEM
SSM
VIM

MBPTM -

- Esophagus

Intestine %
- Longitudinal muscle o
Medial branch of the prototrochal muscle

Setal sac muscle
Ventral longitudinal muscle
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Figuré-k?z Me tamorphic changes in the musélezsystem; II1.

A.

Sagittal section of a juvenile 2 days post-gsettlement.
Arrows indicate the broken connections of the supra-
esophageal muscle to the longitudinal muscle.

Scale bar = 10 um :

Sagittal section of a juvenile 2 days post-settlement
showing the thin posterior connection of the setal
8ac muscles to the longitudinal muscles.

Scale bar = 10 um

Sagittal section of a juvenile 3 days pastisettlgmeﬁt
showing the longitudinal muscles. Scale bar = 10 um

Sagittal section of a 3 days post-settled juvenile
showing the setal sac muscle which connects to the -
longitudinal muscles. Scale bar = 10 um

Legend: ‘ e ‘
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- Flgure 48: Metamorphic changes in the alimentary tract, I.

A. Cross-section through the esophagus of a 1 day post-
settled juvenile showing the light and dark staining
esophageal cells and the esophageal glands. Note
the absence of the esophageal glands of the competent
larva which contained the flocculent material.

Scale bar = 10 um

B. Cross-section thréugh the stomach of a 1 day post-
settled juvenile showing the vacuolated cells which
have not yet undergone hypertrophy. Scale bar = 10 um

C. Sagittal section of a juvenile 2 days post-settlement
» 8howing the absence of gland cells in the esophagus.
Scale bar = 10 um

D. Sagittal section of a juvenile 3 days post-settlement
showing the esophagus. Note that the dark-staining
cells are now scarce. Scale bar = 10 um

Legend:

Building organ

Dorsal bldod sinus

Dark-staining esophageal cells ,
Esophagus —
Esophageal glands '

Gland cell type A

Gland cell type B

Light-staining esophageal cells
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Figure 49: Metamorphic changes in the alimentary tract, II.

A. Sagittal section of a juvenile 2 days post-settlement
showing the hypertrophy of the vacuolated cells of the
upper stomach. Scale bar = 10 um )

B. Sagittal section of a juvenile 3} days post-settlement -

showing the continued hypertrophy of the vacuolated

lls and their dissociation. Note the cellular
bris within the intestine, indicated by the arrows.

Sdale bar = 10 um :

C. Enlargement of the cellular debris within the intestine
showing the dissociated vacuolated cells and the
presumptive zymogen granules. Scale bar = 5 um

D. Sagittal section of a Juvenile 3 days post-settlement
showing the esophagus. Note the epidermal mucoid
droplet in the esophagus and the obliteration of the
esophageal-stomach junction by the hypertrophy of the
vacuolated cells. Scale bar = 10 um -

lLegend: -

- Esophagus ' " : T Rt
- Longitudinal muscles ' .

Mucoid droplet .

G - Presumptive zymogen granules
- Septum .
SS - Setal sac : SRR AU
ST - - Stomach : - B s

VC - Vacuolated cells ’ : L =
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Figure 50: Metamorphic-changes in the nervous system.

A. Cross-section through the prostomium of a juvenile
1 day post-settlement showing the optic ganglia and
well defined eyespots. Note the enlargement of the
cerebral ganglion. Scale bar = 10 um

B. Sagittal section of a 3 day: post-settled juvenile
showing the shortening of the ventral root of the
circumesophageal commissure. Note the epidermal
mucoid droplet within the esophagus.

Scale bar = 10 um

C. Cross-section of a 1 day post-settled Juvenile showing
the subesophageal ganglion located above the building
organ. Note the glandularity of the building organ.

" Scale bar = 10 um

D. Cross-section of a 1 d post-settled juvenile showing
the paired ventral nervé cords. Scale bar = 10 um

Legend:

BO - Building organ
CG -~ Cerebral ganglion

CEC - Ventral root of the circumesophageal commissure _
DBS - Dorsal blood sinus )
E - Esophagus . : .

EY - Eyespot . ’ ~ . e
IM. - Longitudinal muscles ) .

MD - Mucoid droplet - ‘ : N
PS - Parathoracic setal sac T e
SEG - Subesophageal ganglion St ’
ST - Stomach e

VNC - Ventral nerve cord
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Figure 51: Metamorphic changes in the gland cells.

A. Cross-section of the prostomium of a Juvenile one day

post-settlement showing the internal reorganization

of the lateral mucoid gland cells. Note the numerous

loculated gland cells which have appeared in the

prostomium. Scale bar = 10 um

B. Cross-section of the pPygidium of a juveniXe one day
post-settlement showing the reorganization of the

mucoid gland cells. Note the presence of the loculated

"

gland cells. Scale bar 10 um

C. Sagittal section of a 2 day post-settled juvenile.
Note the reduction in number of type B gland cells
and the absence of type A g€land cells, Scale bar =
20 um

D. Sagittal section of a 3 day post-settled juvenile'
showing the reduction in the number of type A gland
cells.” Note the absence of type B gland cells and

the glandularity of the building organ. Scale bar =

20 um

BO - Building organ '
E - Esophagus

EY - Eyespot

gA - Gland cell type A ' -

g8 - Gland cell type B R
gC - Gland cell type C o

LG - Loculated glands

IM - Longitudinal muscles

MG - Mucoid gland cells -
SEG - Subesophageal ganglion )
ST =~ Stomach

TT - Telotroch

UL - Uncinigerous lobe

VNC - Ventral nerve cord
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Figure 52: Micrographs of the adult.

o

A. Cross-section of the adult epidermis showing the
bilayered cuticle and the epidermal mucoid glands.
Scale bar = 10 um

. [ ]

B. Cross-section showing the dorsal blood vesseil and
stomach. Note the acellular blood plasma in the
blood vessel and the absence of vacuolated cells
in the stomach. Scale bar = 20 um

C. Cross-section showing the circular muscle below the
epidermis and the longitudinal muscles. Note the
ventral nerve cord. Scale bar = 20 um

.D. Cross-section showing one-half of the building orgah;
Note the glandularity of it. Scale bar = 20 um

Legend:

BO - Building organ

BV - Blood vessel -

C - Coelom : - : ~ )

CM - Circular muscle , ' : R :

CU - Cuticle o /

IM - Longitudinal muscles

MG - Mucoid gland

ST - Stomach

o e = ST T i S o i o






Pigure 53: {Ezgpile stages of S. cementarium.

A.

Ventral view of newly metamorphosed juvenile. Note the
anterior rotation of the tentacles and enlarged building
organ. Scale bar = 80 um . '

Ventral view of the prostomium of the juvenile figured -
in A, showing the presence of the settling paleae with-

in the setal sacs and loss of the provisional setae.

Scale bar = 80 um

Ventral view of juvenile 5 days after settlement. The -
forming caudal appendage can be seen below the .
Pygidial pigmentation. Scale bar = 80 um

Dorsal view of juvenile 18 days after settlement. Note
the primary tentacles and the two shorter pairs as well
a8 the now prominent caudal appendage. The settling
paleae have been replaced by opercular paleae,. '
Scale bar = 160 um

legend:

BO
CA
ocC
OP
T

UL

Bullding organ
Caudal appendage
Opercular cirri
Operculum
Tentacle , _ . L
Uncinigerous lobe ] : » o S

dimm et a fam it reew e Ale s







Pigure S4: SEM of juvenile worm 18 days after settlement.

A. Dorsal view of juvenile. Note that there are s8till only
3 parathoracic and 3 abdominal segments present.
Scale ‘bar = S0 um .

B. Lateral view of the tentacle of the Juvenile showing :
the ciliary tract on the ventral surface and the ciliary
tufts in the regions of the corrugations on the
tentacles. Scale bar = 5 ym

C. Enlargementtef the dorsal prostomial and thoracic

regions showing the prominent ciliary sensory tufts
located in these regions. Scale bar = 20 Jam

o

Legend: : -
A - Abdomen : S
CG - Ciliary groove = IR
CT - Ciliary tuft g P Lo
OP - Operculum g C e e ;/; e
PT - Parathorax IR B . ;i;ﬁ‘ ,_},,a'.t,,;;=_ S
ST - Sensory tuft : ' L, e T
T - Tentacle - G S
: . i .‘ . > ‘:t—..’-;-w ey -:-&%:"; T
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v ";’,-'-, .
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Figure 55: SEM of a juvenile 18 days after settlement
showing the abdomen and operculum.

A. “Right, lateral view of the abdomen of the juvenile
showing the caudal appendage and the large uncinigerous

lobes. Scale bar = 25 um

B. Prontal view of the operculum. Note that some settling
paleae are still present amongst the primary opercuilar
paleae of the juvenile's operculum. Scale bar = 20 um

Legend:

CA
POP
SP
UL

Caudal appendage ; _ _ Lo -
Primary opercular paleae o o '
Settlipng paleae :

Uncinigerous lobe -
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Figure 56: Juvenile S. cementarium, 38 days post<settlement

Af Ventral view of juvenile. Note the elongation of the
_ ominal segments and caudal appendage compared to the
18 day post-settlement Juvenile in Figure 53D.
Scale bar = 180 um

B. Enlargement of prostomium of Juvenile figured in A
showing the outer and inner Paleae comprising the —
operculum. Arrows indicate the thick cilia found at
the corrugations on the tentacles. Scale bar = 40 um

1
2
[

Caudal appendage
Ciliary groove

Inner opercular paleae
Outer opercular paleae
Operculum

Tentacle

Uncinigerous lobe
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