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Abstract. ° o ~)
Tha anatomy and morphology of the polypide of a bryozoan

\\\(Cryptosula pallasiana) are described at the ultrastructural

{evel, clarifying doubtful points ralsed in earlier 11tg;ature
d descrlblng features not preV1ously known in bryozcans.
ngtacles: There: are six nerves in each tentacle, not four as
previously recorded. The new nerves comprise one additional-/°
frontal nerve and an- abfrontal nerve. All but "the peritonedd/
comprise a cluster of axonse Neurociliary synapses
occur between the frontal nerves and adjacent ciljated cells.
~ Tentaclé muscle is shown to be smobth. Tentacles are'mﬁ%ered
externally by a thin cutigle of mucopolysaccharlde. The’ basal”
lamina’ 1é collagenous, and the £ibril diameter of 1ll.5nm is
among the \smellest cited for an invertebrate. h ’
Lophophore base. Epithelial cells around the mouth and ,at the
bases of tentacles are blastemlc in naturé, probably serv1ng

to replace oells in damaged tehtacles. A new set of muscles is

described - the basal transverse muscles of the tentacles, each
comprising a \single cell containing short myofibrils of both
thick and th{h filaments. Large dense, vesicles up to 270nm diam
*in large dors&l cells of the ganglion indicates the occurrence
of neurosecreéion in bryozoans. Lophophore retractor muscle is
shown to be smooth, whereas the circular muscla\oﬁ\?he mouth

is striated. Filament dimesions of all muscles aFPe given for the

first time. / )

" clear distinction bdtween cell types in the stomach whi
based on staining characteristics at the level of light
scopy. Caecal cell apices do not fuse into a syncytium.

-
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DUCTION TO THE THESIS.® \ ;
f ° ) Dk T -

It is in some ways ﬁaradoxicnl~thatit—phyluh ot mor-

GENERAL I

. y
pholoslcally quite diverse organisms, wit nuubers of spe-
cies approach ng that & echinoderms, an with no - aﬂall eco-

logical ,and ccononic significance, has continued to’ke 80

™~

with the Bryozoa in many aspects of thei biology,: pa;{tié2 “Ef;

Sy

poorly represented in the literature. Yei such is théxcase

ularly their ecology and fine structure. Since the fbuhding

of the International Bryozoology As§ociation (1.8B.A.) in .
1965, however, and after the first I.B.A.ﬁcoﬁfgrnnce in 196§,
there: has begd a focus of interest on aspects of ultrastruc-
ture, but this has heen almost exelusively on’' the body wall
{cystid) by leontologista. The, pdlypide (teedin\ apparatus
(lophophore) -and alimentary'tract) has been sadlyg\ﬁglected.
Prior/to the commencnent of my research there existed
only two pubixnhed electron -ierographs (Faucett, 1958; Bul-~

-

livant & .Bils, 1968) on any agpect of the polypide (in this

case, of a cilium and-rootlets gpd of a pharyngeal cel}l,. res-

pectively). Since this time two more papers have appeared

”kRenier;, 1970; Matricony 1973), mainly concerning the phar-

ynx, These contribdfiona comprise the sole literature on the ,
ultrastructurg of t)rygut and feeding apparatus of a bryoz

Part of the reason fof the relative dearth of anatowicil li§0r~
ature on bryozoans is no doubt due to the nature of the orgah~
isms. The majority of bryozoans (of the order Cheilosgymata) are
incrusting forms with a calcified body wall./fj/f;cif1cation

>
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ts in a rragile iteu 1ess than

of anfincrusting colony resu
0.5 et in thlcknels which i difricult to handle, It is not

surprisiLgh thnrefore, that most anatomical studies have

been of ‘bryozoans of ‘the wh 11y uncalcified order Ctenosto-
mata, and of three of the four fine-structure papers devoted, -~
ctenostomes (Bullivant & Bils,

e third (Renieri, 1970) a lightly

. to b{?ozoans; two described
1968; Matricon, 1973) and t
"calcified anascan cheilostome. Since most lfﬁiqé bryozoans‘are
cheilostomes’ of the suborder Ascophora, howevé;, it would seem

biéterable to investigate one of these ;I ene desxred to study

which is also cosmopolltan‘and of some economlg significance, g

.. was chosen for this study.j .
) 1}:5 Apart from the academlc interest of exploring the’ ul-

trastrncture of the polyplde to further our knowledge uf the’

anatony ‘apd architecture pf the whole anlnal (a valid enough

Ak’

reason in itﬁhgf), there are excellent reqsons for employing *

3

EM techniques iﬁﬁggstudy of the polypide to answer specific
questions imposed by,'ada unable to be answered by, conven—
tional technlques of light-microscopy, viz. in the lophophore:
a, What is the nature of the Bﬁsal lamina? Is it cellagenous

as in numerous other metazoans %Q;IS there some other pro-~

%
tein co-ponent’ . =N
- Frad Vo
F “m‘

-+ b, Hhat is the extent of the conuunicationﬁwhetween adjacent

coelomic compartments (the nesocoelous co-pdit-ents of the

-

tentacles and. lophophore base, and main body cavity which

is metacoelous)? Can fluid noiﬁyént be deduced from %he
N \ % o \
/

& b
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», ,architecture of the lophophore?
¢, What kirids of yuaclo ar;,present? Hha;}are their filament
\dilensiona and how do these comsara with those of other

invorteﬁratoa~ o

.7 4, What is the extent of the lophophoral.mervous aystenf
Is t here a relationship between nerve l pply and ciliury
beaf a- Fiwcbtt C1961) has suggested’

In the gut: : o 5 o N

+

a. How -any\cell types are there in the stouach - two types

as many authors have stated (e.g. CaLvet, 1900; Rey, 1927,
- vﬂrien, 19609 or is, the distinction/d?ubttul as Bronstein

. (1939) luéh sted? /

b, Po caecal cell apieos fuse into a syncytiun during cellu-
lar ingestion\ of faod material as Ries (1936) stated?

Ce tht is the nature and origin of certain orange~brown in-
clusions that accumulate in the stomach wgll?

‘v‘

d. Do bryozoan stokach cells resemble molluscan digestive i"_’y,'
.

gland cells at the EM level as they do at the level of

o

1ight microscopy (Morton, 1960)? ,

- In additiqn to considering these questions a general
study of polypide ultrastructure was undertaken in order to
characterize the 'normdl' appearance of cells and tissues in

Y

order to interpret éﬁeir regreslion as the whole polypide un—-

dergoes a process called brown body formation. This phenom~ {?
enon has for more than a century captured the interest of
bryozoologists who have speculated as to whether it is pri-

marily excretory or ‘senescent in nature, This question and the .

-

£

’ ’ >
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following were specifi¢ considerations of my research,.in

whilh it was felt that.a study‘otéultrastructure woulé pro-

vide some of the anawers. - - ,

°
x

' &, What is the relationship. betwden the accumulation of orange-

" brown inclusions in the stomach wali‘and‘polypipp regress-
on? . S E .
b. Hhat is the fate of the regressing cells and tissueé\and.
. what is the role “of phagocytosis in regression?

~c. Of what vnlue is polypide regression to a bryozoan i

f .
These conaiderations, then, are the!ratxonale behind. = .

this thesis, which is elso intended to.- serve as a geﬁéral

décumentation of basic ultrnstrugtura} data from w@ich other
more detailed studies eaﬂ’ariae\ The findings are ﬁresented
iﬁ)tour sections: the tentacles, lophophore base; alimentany

tract; and regression of the polypide.

¢ 4
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. phore is, duceptiva for it perfor-s a mnltiplicity of func—~’

_about structural details in the litevature. For example, the

‘on frontal and abfrontal faces of each tentacle have been de~

SECTION 1 THE ULTRASTRUCTURE OF TENTACLES o :

1.1 Introduction . e,

¢ ~

The appnrent si-plicity ot the bryozoan lopho~ 7

tions, In addition to the obvions purpose of food collecting,
vhich hes b-dh well described by Atkins (1932) and Bullivant\
(1968), the lophophore is said.or implied to perform the
function: of a‘gil{/(Vanlﬁeneden, 1845; Hincks, 1880; Haﬁgun

& Schopf,.1967), excretion (Harmer, 1898; Calvet, 1900; Mar-
cus, 1§2§?; game reii}re (Silén, 1966, 1972; Bullivant, 19~
67) and dotzcioh mechanical stimuli‘(ﬂincks, 1880; Lutaud,
1955). Clearly, if ’

hore can perform,pll of these
functions it is an organ system of aome,inyérest, and a useful
model to be employed for-correlating form with yﬁnction. Many
of these tnnctions,'hoﬁever,qcan be investiéated effectively |
in such small animals only at\laf ‘ultrastructural level, but
there have%peen only three published ultrastructural studxes

to date concerning the polypide (Bullivant & Bils, 1968, Ren—~
ieri, 1970; Matricon, 1973) and these did not consider the
lophopﬁﬁre. ‘ . ’

The lin of this section (and the following on the lo-
phophore\bane) i8 ji relate dophophore structure and function
anfto consider specitic points based, on areas of disagreement
tentacle mustles have been described as both striated (Silber-
mann, 1906) and(;;ooth Brien (1960), Presumed sensory cilia
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signated datae or bristles (Lutaud 1955; Bullivant, 1968)
and syncilia (Niglsen, 1971 320).° Knight—lnges (1954) stu-
diod the ciliary beat in a number of 1nvertebrates and ob-
. served that bryozoans exhibit laeoplectic metachronism q'ﬁ%he
’ ‘1ateral cilia. What iu the nature of the inpervation or the
tentaclea and"ig there a relationship with cil1ary beat?
This atudy wxll eqnsider questions like these as well -

t

as lay the Ibundation, by a study of general ultrastruoture,

for nndnrstanding ;he e?ents.that take place when the poly- :
. pldn regresiea at the end of its 11fetﬁ-e.

a -

-~

N -r 1,2 Materials nnd,-ethods , . g
s N -~ s -, o
Observations were made on Cryptosifta pgllastana ‘

(Moll) a -onotypic, eosnopolitan, marine-fouling ‘gymnolae-
. mate (Ryland, 1965) which is.common intertidally in Nova
Scotia. Freshly eollected colonies were gerapéd off “rocks or";§§§x

algae and fixed i-mediately, in preparation for the follow- -

s

ing treatments. A PR .

a., Transmission eléctron microscopy: The most favourable fix-

>
P

; - ing solution was ice-cold 6% glutaraldehyde in seawater’ with
Ny 1% sucrose tor 1=3 houré, althoﬁgh Millonig's and 0.1M éaco~
' dylato buffers at pﬂ 7.4 in lieu of seawater ‘were fairly sat~ ,
isfactory. After washing in _buffer or seawater for some hours
specimens were post-fixed in 1% buffered osmium tetroxide

(1 hopr)iaid subsequently dbhydr;tegtﬁn a graded‘pcetqné ser-
%Q;.°Pblypides were elther dissqéied from zooecia prior to

- epon embedment or colonies were decalcified in -10% EDTA after

s




2
gluparlldohyla fixation and subsequently embedded undissected. .
!&i‘pz « 60 nm) sections were cut with glass knives or a Du-
Pont di iﬂlta, -og?tnd on foravar—coated 200 mesh copper
‘asridl or ou uncoated 300 mesh grids and stained in aqueous
4% uranyl ac.tnte (or saturated in 70% wethanol) for 10 win
ln! in ﬂ.ynold#l (1963) lead citrate for § min. Micrographs.
were tlkcn on\a Zeiss EM 9 operated at 60 kv,
Scunning olectron -icroseopy. Colonies were fixed as above
‘ “for TEN, Pglypides were dissected fr'om zooecia and processed )
. according to the methodof Watters and Buck (1971) employing
camphene which sublimes at room temperaturé. Dehydration with
. ae;tono led to surface tension problems and shrinkage of tis~
sues, Stubs and ﬂolypiées were gold 9r‘a1n-inu- coated and &
* sxemined on a Cambridge Stereoscan S 600, N
) ¢+ Histochemistry and light microscopy: Stains were used‘bn
~f . uholc mounts, nnd.paratfin and epon sections. Interpretation
ot electron -icrographs was aided by ljun thick epon 'sections
-t-incd for light inicroscopy, in toluidine blue according to
the method of Trump et al (1961). To visualize distribution

of connective tls;%e epon sections were stained using Sievers'

a,
el

: (1971) thionin- acridine orange combination, and whole mounts

. ® { and paraffin sections of Bouln-fixed material was stained with
li;ht,;;ccn and Mallory's triple stain after the method of
Huomason (1972), Di-trlhutg;n of polysaccharides in the zooid
was detdrmined using the périodic -cid-s&uur wethod on epon
l-ctio-l. Vhole mounts of live material were pﬁgtographed on a
z'il- Photomicroscope II using negative-field phnse eontrast to

[ »

s
i / 4 "
-
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i

visualize tentacle ciliation, and feeding zooids were photo~

»~ . -
graphed with a Zeiss Tessovar macrophotography set-up using
Ektacolor S film and Panatomic X./,—

oy 1.3 Gross morphology and anatomy:

iﬁhere are 17 tentacles in Cryptosula (figs 1-3)
" ranging in length from 650~1200,um and ténding to be shorter
in younger polypides. In transverse section the tentacles are
roughly wedge~shaped tubes tapering frontaliy (orally). There
are four longitudinal tracts of cilia, one frontally, one each
laterally, and the abfrontal (aboral)'surtace bears a‘discon-
tinuous series of inconapicuous cilia. Externally, the tentacle
is cevared by a cuticle, textured by protruding tipn of -icro-
villi. which tendﬂ"to obscure cell boundaries. except when ten—
% t¢¢1ea are slightly contracted and cells show aa ripples. "
Internally, a tentacle tomprises two cell layers and a
basal lamina (fig 4). The outer cell layer consists of ten lon-
gitudinal rows of epithelial cells and rour nerve tracts, and
the inner lgyer couprises two rows of peritoneal cells, two
nerve tibers; and two muscle cell tracts, Since the peritoneal
and muscle cells overlap longitudinally, more than six cell
elements may appear in cross sections. The two cell layers are
separated by a relatively massive fibrous tube, the basal lam-
ina, The central tentacular cavity (mesocoelous in natﬁro)
opens to the exterior by a pore in the tip of the tentacle.
Just above the base of the lophophor% the tentacles widen as

more cells are interpolated frontally. The tentacles fuse bas~
\ .

4






Figure 1, Part of a colony of the cheilostome bryozoan

Cryptosula pallasiana {Maoll) growing on a glass
5 2

plate, showing zooids with evaginated Lophophoxres

" in surface and side views. x 17 (scale 1 mm).

4

Figure 2, A single lophophore of Cryptosula showing an ex—

b

centricity of tentacle length, a phenomenon of

frequent but not universal occurrence. x 34,

“

‘(scale 0.5 mm).,

Figure 3. Young zooids near the growving marzin of a colony.

r-’\

@

There is some, variatlon in -colony colour but pale

orange is predominant, thc colour residing in both

L3

cystidial and polygidal tissues. x 53 (scale 0.4 mm).

(4] - i

-
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o Figure 4. A tentacle depnicted in cut-away view showing its

» anatomy hased on electron microrraphs.
° -
. ‘ Key: 1, basal lamina

(’~ . 2. epidermis

3.»abfrontalnnerve

4, tuft of short -abfrontal cilia
' 5. lonzitudinal tentacie miscéle

6. lumen of tentacle’ (mesocoel) -

7. sglitary ahfrontal cilium

" - - 8. latéral cilia )
) 9, lom atérai§root1et of a ciliqm of a
frogtolateral cell DR "
c 10./r;w of lateral rootlets in cross section
" 11. frontal cilia '
ﬁ 12, cilium éf a laterofrontal cell
; ,13: frontal nerve
. 14, peritoncal nerve
_/) 15. ;uticle

a
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ally and their coelomic lumina become confluent with a coel-
omic ring around the mouth which is the main part of the me~-

4

socoel,

1.4 Fine structural anatomy and histochemistry
1.41 Cuticle E L : 9
' The, cnti{le covering ?hertentaei\es is a 0.3-0.6 Yl
wide layer of fibrous material in a clear matrix (fig 5). Num~
erous epidermal wmicrovilli, occasionally forked,.penetrate the -
‘euticle, each terminating in a knob bearing antenn;xlar process-
“es. These are continuous with a darker surface deposit on, the
outside of the ;ntaidc of the cuticle apparently of tite same ]
nature a; the cuticular fibrous material, and which in sowme %
micrographs appears to slough off from the surface. Histochem—
ically, the cuticle is weakly PAS-positive and exhibits gamma ‘

Q metachromasia with toluidine blue, indicating a mucopolysacchar-
ide (Pearse, 1968).

A

1.42 't:pidernis ‘
- ‘Brhe distribution and dimensions of the ten epider—
mal cell tracts are shown in figure 4. If one des(l,gnates the
broad outer face of the tentacle as abfrontal, and the taper-
{n} inner face as frontal, then the ten cells seen in trans-
verse section comprise three abfrontals, four laterals, and
three froantals. Ultrutx:uqtnrally, the ci.iiated ce].l.:‘s (rigs 6,
13) are distinguishable from the non:ciliated cells by the

possession of mot .only cilia bhut more and larger mitochondria,
and Golgi bodies which are typically located nesr the ciliary

\







Figure 5,

Y

Tentacle cuticle: Longitudinal section of a fron-
tolateral cell of a tentacle showing the fibrous
Lcuticle (cu), ciliary rootlets (r) in transverse
section, 1nt¢¥ﬁ1 cilia¥(1) and microvillx (m).

Mote that the central palr of tubules in each axo-

- neme is parallel to the cell surfaece, i.e. normal

to the plane of the stroke. The tips of the micr&— .

"o 3

villi bear antennulae which are continuous with a .

dark surface deposit. x106,000 (scale 200 nm),

-

Tentocle epithelia: Longitudinal section showing

half the width of a tentacle, from the outer cut-

iculated epidermis, through the basal'lamina (b)

and peritoneum (p) to the longitudinal muscle (@).
Many rootlet profiles occur in' the epidermal’cell,
and small dense pgranules are 5932m§2¢§he mitochon-

dria. x 31,500 (scale 1,um).

@




rootlets anh whose long axis is often perpendicular to the
surface, In'all cells small lytic vacuoles may occur, and

pigment graﬁules are sometimes prominent in frontal cells.

. 1.43 Basal lamina
A prominent feature of tentacle construction is 6

the fibrous basal 1anf;3. In the lophophore base {described
later) a ring of basal lamina is continuous with the lamina
of each tentacle forming an interconnected 'basket' of conn-
ective tissue, At }he tentacle tip the fibrous tube is open.”’
In thick?eéa it varies from 0.75 um laterally to 2.5,um fron-
, tally. Abfrontally, the tube bears twomlongiTudinal ridges,

more or less demarcating the abfrontal cells from the later-
als, Frontally, a minor keel is sometimes apparent (fig 7).
Histochemically, the basal lamina is staimed green in‘paraf-
fin sections by light green (fig 9), blue by Hailory's triple
’ liain and yellow in Sievers' epon stain for connective ti#ﬁues,
indicating the presence of collagen, In EM sections the col~
lagen occurs as fibrils c. 12 nm wide with a periodicity of
55-65 nm, where each period is represented as a ‘node' (fig
8). Within the clear matrix the fihrila are disposed in two
layers, the one perpendicular with respect to the other, viz.

an outer longitudinal layer over an inper transverse layer.

1,44 Peritoneum ‘
n Peritoneal cells are long, tapered, and overlap-
ping with a conspicuous bulge -arking the presence of the
slongate nucleus, They are flattened against the i‘ride of

4
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Figure 7, Basal lamina: Scanning electron microgzraph of

N\

o part of thq‘basal lamina of a tentacle from which
epidermal cells and nerv§s hdve been removed.,
rErontally,“there ig/a/minoi’kéel (arrow). With

‘Jar,,nelis’féﬁigéazthe lamina is still seen to be a’

.. fairly rigid structure, x 3240dﬁgcale S/um).
fj 9 Figure 8. Basal lamina: Fibrils in the basal lamina of a
\? tentacle are characteﬁ1zed by a nodular 60 nm
/ - periodiclty (arrows). x 12 n,ono (scale 200 am),

Figune 9. Basal lamina. Phase contrast microsraph of a light
green sta1ned paraffin scction showing the basal
lamina (arrows) of a tentacle cut longitudinally, -

4

x 925 (séale 10/um).
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-the hu;nzalhnina:hndf-ay partially cover the muscle and

’ . 11
{ .

¢ , -y

nerve cells in this region. Mitochondria are of the same

dimensions as those of the unciliated cells and structures

”rolenﬁliﬂg multivesicular bodies are sometimes found,

L:ﬁw

- 1445 ﬁuse_nlat-%*e CoT

< a

“Two rows’of myoepithelial cells traverse the

length ‘of each tentacle, one disposed abfrontally, the other

frontally (fig 4). They overlap to an extent so that in trans-—"

verse section the tapered end of one cell may be seen to be ,
overlain by the broad surface of another. Withirf each” cell are

one or more bundles of filaments whose insertion points are in

_dense bodies on the basal 1an§na,‘although occasional isolated

dense bodies are found, There is a more or less rasular‘hrrange~

ment of thigk and thin filapents, with a ratio of about 1:7,
and one thick surrounded by 9~13 thin filaments (fig 11). There
are no i‘binds: Center to center apacing of thick filaments

is 42-75 nm. A slighdly diagonal periodicity of 15-20 mm is  §.
also apparent (fig 10). As in the peritoneum, the nuclei are

elongated., Mitochondria are not numerous except near the ten-

. N
- tacle base and are smaller than_thoae of the ciliatedﬂcells

of the epidermis. Multivesicular bodies like those of the peri-~

‘toneum may also occur in muscle cells, and there are occasio-'
nal centrioles with radiating microtubules, Although muscle

occurs throug@pi@dthe tentacle it is absent from transverse
sections throﬁgh placgf where the myofibrils do not exten; to,

the cell extremities.’

~
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X ’ Figure mi ’gl-ongij;u@ﬁnal tentacle muscie: Longitudinal sec-
- - tion of part of a tentacle myofibril showing a
a | ;0 S slight-i%*zo nm diagonal periodicity (arrows) in
‘ P . the thick filaments. x 108,:'300 (scale 200 nm).
g 4 xfigure 11Waclc muscle: -T:"ansverse section
. of part of a té acleamyot‘xhril showing thicki \
* /\. \\\’\ ’ : and -thin filament arrays. There. iE\some variation
- 3o in thick filament diameter. Collagen fibrils (£) -
. 5{« , occur ontsi:de the sarcolemma, x 108,506 (scale 200 nm).
~ / . ’ ’




- 1,46 Mesocoel p . ,
When the\yenyaclea are in an extended feeding

pbiition the lumen is more expansive than in retracted ten- - )
tacles wvhere 1{ is frequently seen to be absent in sections, -«
Hh;n tentacle -usqlan"contract, shortening the teﬂtacles, the
basal lamina buckles 1nwardiy°1n many places thereby squeex-
ing the peri@oneal and adjacent cells toéetber. This neces—
sitates displacement of ﬁha mesocoelic finid proximally to

tﬁc 10phop?nre base, (This will beadiscusssed.in more detail

in the second section, onvthz“lophophore base),

!

1,47 Ciliation )

" The general disposition of all cilia is shown
in figures 4 and 12, Thé lateral cilia arise from two cell
rows on each sideoot %pe tentacles, and while externally
there is no apparent difference between the cilia of these
celll; either in beating or in length, they ;re distinguished
internally by their rootlets. Those in the é;o frontolateral
cells have two rootlets disposed at right angles to each
other, th?se.in the two abfrontolaterals have single root-
lets (fig 13). In the former case, one rootlet‘benetra{;l
straight into the cell, the other runs frontally just under
the cell aurface for the full length of the»cell. These root~
lets are striking for their length which can reach 13 jum.
Longitudinal sections cut perpendicularly to these rootlets
reveal how many ;here are in eacﬁ cell, Since sections in
this plane also reveal,the .total number of lateral cilia,
subtracting the number of rootlets from the total value gives
an average number of 48 cilia for each fibntolfteral cell a?d
63 for each abfrontolateral cell,






Figure 13.

Figure 14:

Tentacle ciliation: Negative—field phase contrast
uicroéraph of a live tentacle seen.in optical -
section laterally. Small arrows indicate the long
solitary cilia of laterofrontal cells, beneath
which are seen curving the frontal cilia, -On the
abfrontal surface are scen tufts of short cilia
alternating with long solitary cilia (big arrowg).
The basal lamina is seen as two light parallel’
lines running thrgpgh the tentacle, x*ﬁlo,

(s;ale 10/um). : . R

Tentacle ciliat1da “Transverse secfion of a tentadv
cle showing the cil:ated lateral cclls. The abfron-’
tolateral (left) cell is marked by single rootlets,
the frontolateral (right) is characterized ﬁy two
rootlets, one pappallel to the surface (1lr), Arrows

indicate satellite bodies). x 29,900 (scale O.S,um).

Tentacle ciliation: A vertical rootlet showing
periodicities of 12,5 nm (top arlows) and 70 nm

(bottom arrows). x 90,000 (scole 100 nm).

I
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., Each rootlet is charactefized by a major period of
70 pm, the pand width at each period being 38 nm. There are
minor per dicities of 13 and 18 nm; the rootlet filaments
are about 1,5-2.0 nm wide. The rootlets fray teraminally,

and usually insert on the basal lamina or nuclear envelope,

- A small satellite body lies adjacent to the basal body. In

transverse section the-rootlets appear as in figure 5. Lat-
eral cilia are approximately 25/uu long and in the forward )
position of the effective str+ke generally obscure the fron-
tal cille, ' \
Frontal cilia are of two kinds. From each cell of the
center cell row arisp'abqut a dozen cilia c. 15/u- long whose
& .
plane. of beating is normal to that of the lateral ciliq.
Their rootlets are single and traverse theifellﬁan far as’ the
basal lakine. Flanking the irontal cells on either side is a
row of laterofrontals bearing siﬂgle cilia s/u- apart and c.
20 ,um long (fig 12). These correspond to the 'frontolateral
setae' of Bullivant (1968).and 'soies tactiles' of Luthud
(1955). These cilia are not rigid but are capable of occasi-
onal flicking iove-onts. There is a long, uajor rootlet as well

as a very short lateral rootlet, both arising from the basal

body,' and an associated basal centriole, At the .tentacle base

more cilia are interpolated into the laterofrontal cells and
ti-le beat in iha manner of regular frontal cilia, °
Abfrontal cilia are ‘also of two kinds - short tufts of

about ten immobile cilia 10/un long alternating with solitary

AN
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cilia comparable to those of the laterofrontal cells (11;
12). A tuft of short eiiia occurs at the tentacle tip, All
cilia possess the 92 nione-al configuration, Near éiliary
tips reduced numbers of tubules. (domino tip images) were
found, There is a transition from the 9D+2 pattern (D =
doublets) to a 9S+2 pattern (5= sinﬁlegs). The smallest
number seen was 5540 and at the‘véry tip no tubules were

encountered, . .-

1.48 Nerves

In each tentacle are six unsheathed nerves of
wvhich four are subepidermal and two subperitﬁneal (rig 4).
The most prominent of these are three froﬁtally disposed
subepidermal nerves (fig 15) cogprising a cluster of axons
ﬂhﬁl’ progilgs are irregular in both transverse and longiiu-
dinal section. Variation in axon diameters in cross section
seems to be due to varicosities which are seen plainly in
lohgituainal sections, in which it is difficult to follow
1nd1vidnal axons far due to their apparent snaking around
each other. Vesicles which are found in the axoplasm are
" moatly small clear vesicles 50 nm ‘diam (range 36~60 nm) re-
sembling synaptic vesicles, the remainder being a few larger
clear vesicles 65-100 om, large dense vesicles c. 100 nm diam
and dense-cored vesicles c. 60 nm diau. Nerve profiles con—

taining predo-inantly small agranular vesicles with a few large

grqu*:E;:cuicles are said to represent cholinergic nerves 3
(Burnat & Iwayama, 1971). . .

s

Synahsan are made with ciliated cells and seem to be
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- Figure 15. Frontal tentacle ncrves: Iransverse section |

through the three frontal nerves of a tentacle,
sandwiched hetween ciliated cells and the basal
lamina, lost axons contain microtubules (t), some

contain small clear vesicles (v) and neurofilaments’

{f£). x 26,800 (scale O.S/um).

Figures 16, 17..Neurgciliary synapses between axdns and cil-

*s

iated cells. The postsynaptic side in ea;hlcdse is
a ciliated cell (righé hand side of synapse). In
figure 17 rootlet fibers from a ciliwm (r) attach
by the basal lamina. Small clear vesicles (small
a;rows) are scattered in the ciliated cells.’

16. x 77,100 (scale 200 om), ‘

17. x 76,060 (scale 200 nm), e
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of the en passage type, There are, however, no areas of
membrane specialization such as one normally associates
with synapses, and in these nerves there is only a slight
fuzziness and increase of density in the area of contact.

Such synapses are seen in figures 16 and 17 where vesicles

occur on both sides of the contact and the presumed post-

synaptic side is"a ciliated cell. Vesicles on both sides

are of the same diameter, These synapses are of the neuro-
ciliary type. w '

‘ Sensory cells aré/said to occur-in bryozoan tentacles.
Geruerzhagen (1%13), Graupner (1930) and Brien (1960) have
depicted presu-egjsenagry cells with axons in gymnolaemates
and phylactolaemates after methylene blue staining. I have
only oéce seen an axon leading away from a ciliated cell.
This was a cell neir a tentacle bhase containing ldhy rootlet
profiles and which conld have been either a frontal or front~
olateral cell. In either case, if a cell from which an axon
arises is truly sensory, as is believed, then thed three fron-
tal nerves conprise both afferent and efferent fibers.
>+ The resaining subepidermal nerve is a bundle of some
4415»aans running along the abrrontal side of the basal lam~
ina (fig 18). Axoplasmic contents are as in the other epider-
mal nerves, In addition, relatively large lipid droplets occur
and sparsely granular ER, This nerve is associated with the
presumed sensory abfrontal cilia.

, The two subperitoneal nerves are smsall, each compris—

ing one axon of variable diameter (figwia). No vesicles have’

L3
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Figure 18. Abfrontal tentacle nerve: Transverse section

v ’ .~ through the abfrontal nerve qf a tentacle, which

e

. - is seﬁaruted;hy the basal lamina-from a myoepi-—
. - thelial cell (longitudinal tentacle muscle). Small

. clear vesicles and a single dense vesicle, as well

£y

«

as mitochondria -iwre seen in one axon. X 45,200, ‘-

@ (scﬂle D.S,llm').

© »

. Figure 19. Peritoneal tentacle nerve: Transverse scction

-

N\ ‘ . through one ‘of the two single—axon jieritoneal

nerves abuttine arainst the basal lawina, This
- - profile siuows microtubules and smuntﬁjﬁ:. x 58,200,

. (scale 200 nm).- . .
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yet béen encountered in the axoplasm but there are numerous

a

-

microtubules and some SER. Nor were synapses seen with-the
myoepithelial cells which these nerves are believed to in-

nervate. . -

1.5 Discussion ) A
1.51 Tentacle construction
A tube with a fluid coreosur}oun&ed by a subepi-

dermal fi;roua lamina is a common structural .entity among
animal pﬂ}la; %palogues of which are Séen in pogonophoran,
pterobranch, phoronid and brachiopod tentacles, serpulid
branchiae, and molluscan and teleost gill lamellae, Varia-
tions on this plaé‘are related to function an&Asize and
where these tWwo parameters co;respond in different groubs .
the tentacles'or'whatever are likely to be very similar in -
most respects, A notable exaﬂble is seen in the hemichordate
Rhabdopleura whose feeding organs closely resemble those of
, bryozoans (vide Dilly, 1972)., In the expanded feeding ﬁosition
the epithg{ig of the tentacles flatten against the basal la-~
mina and tAe coelom comes to occupy the greatest volume of
the tentacles at this time, It has thus been reasonably sug~ '’
gested that the lophophore serves as a respiratory organ,
comparable to str;ctu;es mentioned above for other~orgapisms
(Hanéﬁ- & Schopf, 1967), although. there are reasons for be-
lieving this function to be over-rated (Rylan?z 19§?). Among
other lophophorates a comparison has been made between the
lophophore of brachiopods and bivalve gill lamellge by Ruh—

wick (1970:118) whe points out that brachiopod tentacles are

/
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not joined as in bivalves and thiu limits the force of water
that can be directed against them, Coelomic pressure in brach-
iopods must be responsible for providing rigidity to the very .
long tentacles, as in bryozoans, and similarly in phoronldg} \
‘ Direct comparison of tentacle fine structure within :
fhe three lophophorate phyla-is not yet p0881ble. On the ba—
sis of ‘light microscopy, however, construction 1s seen to be '
comparahle (Selys Longchamps, 1507; Rxchards, 1952), and as
in C}xétosula theutentacles bossess a subgstantial basal lam—-
ina. It is not clear how much the basal lamina provides sup-.
port and rigidity to lophophorate tentacles, While the tenta-
cles are flexible, and thus also the lamina, in damaged ten—
tacles of CrzntosulaC T ﬁé epidermal ‘célls have been re~
moved, the bagal lamina remains as a stiffly pointiné %ube
(rig 7). By conparis;EX in the Entopﬁocta, whose feeding ap— -
paratus i? sisilar to tﬁat of bryozoans, there is appargﬂtly
no basal lamina {Mariscal, 1965) and the fluid core is evid-
ently lutfici§nt for tent‘@ie support,

1.52 Cuticm ' h

a

In the groups sﬁ:ﬁnimals mentioned above where
tentaculated or filanentous Tiﬁéing organs 1&{ double as res-
piratory structures, one of the requireifnts is a surface
permeable to oxygen, so it should né%ﬁgéé%ggprising to find
that a cuticular surface, which is conmon“tgthgt inverte=
brates, is, where it occurs on these. respiratory epixhelia. -
very thin and ultrastructurally very similar, For exaupla,

the cuticle of nggtosula tentacles is nearly identical ‘in
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-appearance to that of the pinnu‘:las and metameric papillqe\
of pogonophorans (Gupta & Little, 1969, 197@), mussel 'gﬂl \\.
8 filaments (Gibons, 1961), entoproct tentacles (Mariscal, °
1965) and the branchial crown of Sabella (Kryvi, 1972), Sim-
ilar microvillous cuticles c;u- on téhinoderm podia (Men— \
ton & Eisen, 19:?0,; Souza Santos & Sasso, 1970), Harmotho#
(Polychaeta) tr;chiﬁ!oras {Holborow e.t al, 1969) and Aeolo~ *
soma (Oligochaeta) epidermis (Potswald, 1971), where cutan-

<

eous respiration is’ important.

-

. Histochemically, results indicate that the cuticle

- of Cryptosula is composed of m’eutral and acid sucopolysac-~
cl;nr:l.des. This is also the case in Thyone, Asterina, Sabella,
_pogonophorans and Aeclosoma (1.c.), differences lying in the

relative amounts of neutral to acid carbohydrate cited by the

k]

various authors. y

1,53 Basal ia-ina - - -
Th/e filaments in the basal lamina‘ appear to be
i collagenous. They are, however, characterized by being con-
giderably thinner than collagen fibrils of most other inver-
tebrates, Among metazoans cellagen is widely distributed,
occurring. from Porifera to Chordata.‘ Elder & Owen (1967) ex~
. amined connective tissue fibers in a range of /invertebrates
-and ti’vqn‘d% that collagen Iibriwlﬂvdiéneters ranged from 20 nm
. . in Polyphysia (Polychaeta) to 350 nm in Perip&toides {Onyco-

phora). Doyle & MacNeill (1964) found collagen fibrils 20 nm

~wide in the basal lamina of Cucumaria respiratory trees and

)
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not joibed as in bivalves and this limits th; force or water
tl’t cén be diraeted against them, Coelomic pressure in brach~
" lopods must be responsible for providing rigidity to the very
-, long tentacles, as in bryozoans, and similarly in phoronids.
Direct comparison of temtacle fine structure within
the three lophophorate phyla is not yet- possxble. On the ba-
sis of light -icroscony, hgwever, cgnstructinn is seen to be
comparable (Selys Longchgyps, ??07; Richards, 1952), and as
} in Cryptosula the tentacles possess a substantial basal lam-
inal It i& not clear how much the basal lamina provides sup-
oport and rigid;.ty to lophophorate t(intacles. While the tenta- -
‘cles are flexible, and thus also the ;énina, in damaged ten-
tacles of Cryptosula where’ the epidermal cells have been re-
ibved,‘the basal lamina remains as a stiffly pointing tube
“(fig 7). By comparigon, in the Entoprocta, whose feeding ap-—
paratus is similar to thaisof b:yozoans, there is apparently
ﬁ o basal lamina (Hariscal, 1965) and the fluid core is evid-
ently :ufficient Jor tentacle support.
1.52 Cuticlg ) .

. - «
In the groups of animals mentioned above where

©

€

tentacnlated or’ fila-entous fboding organs may double as res-
pirltory structures, one of the requirements ia a surface
per-.lble to oxygen, so it should not be surprising to find
that a cnticularﬂsurfaee, vhich is common to most inverte~
_ brates, is, qﬁéie it occurs on these respiratory epithelia,
very thin and ultrastructurally very similar. For example,
~§3¢ cuticle of Cryptosula te?taclea is nearly identical in
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appearance te thQi of the)pdnnuies and -eta-eégf;yapiliae

ofkpogonophorans ‘(Gupta & Little, 1969,‘19?0), ssel gill )
-, filaments (Gibbons, 1261), entoproct tentacles (Mariscal, -
// 1965) and the branchial crown of Sabella (Kryvi, 1972). Sim~

ilar microvillous cuticles occur on echinoderm podia (Men—

[ e

! %3
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ton & Eisen, 1970; Souza Santos & Sasso, 1970), Hirmotho#

(Polychaeta) trochophores (Holborow et al, 1969) and Aecolo-

-soma (Oligochaeta) epidermis (Potswald, 1971), Jhere cutan- -

eous respiration is important, ‘
Histochemically, results indicate that the cuticle

of Cryptosula is composed of neutral aqp acid msucopolysac—-

charides. This is also the case in Thyone, Asterina, Sabella,

pogonophorans and Acolosoma (l.c.), differences lying in the
relative anountg of neutral to acid carbohydrate cited by the.

various authors.

1,53 Basai lamina

The filaments in the basal lamina appear to be
collagenous, They ;re, however, characterized by being con-
siderably thinner than collagen fibrils of most other inver-
tebrates, Among metazoans éollagen is widely disfribpted,
occurring from Porifera to Chordata. Elder & Owen (1967) ex—
amined connective tissue fibers in a range of invertebrates.
and found that collagen fibril diameters ranged from 20 nm
io Polyphysia (Polychagta3 to 350 nm in Peripatoides (Unyco:
phora), Doyle & MacNeill (1964) found collagen fibrils 20 nm

wide in the bamal lamina of Cucumaria respiratory trees and

¥
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smaller diameters have been found in neural. copnective tias-
sue of inmects viz. 15;40 nm in young locusts (Ashhurst,
1965) and 13 nm in a lepidoptéfan larva (Locke & ﬁuio, 1972).

¥

13-20 nm seems to he among the smallest diameters cited for
invertebrates, while in ég!ntosula diameters are about 11,5
ll,(!s-ll in regressing tisaues). o
Axial periodicities in Cryptosula are represented, by
'nodol‘ 60«n- apart ( range 55-65 nm). i\is figure is compar-
able to the 64 nm periods common to vertebrate collagen {Ban-
&8, 1966). There are no unequiﬁgcal infraperiods in Crypto-
sula except in regressing tissue when thenﬁﬂ ns periods dis~
appear and a periodicity of 13~14 ‘nm is apparent. The nodular
appearance of the major periods is not seen in published mi-
crographs of inverteb}ate collagéns with the possible excep-
tion of Tgxggg (Holothuroidea) (Henton & Eisen, 1970:fig 15)
, where thé major period is 55 mm but the fibril diameter 30 nm,
Meek (1966) has commented on the variations in invertebrate
collageni compared to those of vertebrates and teelq’fhut as
well as morphological differences, there may be chemical
differences. Certainly collagen should be regarded as a group
;g’ of proteins, related by the possession 3f the awino acid hy—-

]

dnpx&proiine. , >

. ‘ﬁorphologically, the fibrils in Cryptosula most close-
ly resemble the tib‘ils of the vitreous body (vitrosin) and

5 tba somilar fibrils of vertebrate éyes. The dimensions in
gxgtosula (55-65.nm period and 11.5 nm dia-)/’/;aely corres-

o pond to the diuensio%s cited for zonular fibrils of human and
w2

Y
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rodent eyes (50-§§ nm period and 10.9 nm diam; fange 6-25 nm)
{Girtoer, 197011&; In addition, nod;llarit:!.es resembling
those in Cryptosula, with 60 om spacing, have been induced
in vitreous body collagen (Smith & Serafini-Fracassini, 1967)
by ?recipitating hyaluronic acid (one of the two mucopdly-
aaz;huride components of this tissue) as hyaluronate, Pos—
sibly the nodularities in Cryptosula represent polysaccharide.
_Sipce the nodularities do not occur in regressing tissues of
Cryptosula, fixed as for normal tissues, it seems their occur-
rence depends on the physiological state of. the organism, Such
is the case in earthworm body wall, where fibrils change their
band.lquth with- changing phyaiological’conditfﬂ%s (Rudall,
1968). / L
Although this is the firs denonstration—ﬁzf;;sal lam-
ina collagen in bryozoa:;, collﬂlen has been previously disco~
vered in bryozoap cuticle (Krishnan & Rajulu, 1965; Schopf &
Msnheim, 1967) based on ;tainingwreactions and the occurrence
of appreciable amounts of hydroxyproline. Renieri (1970) said
that there was collagen in bryozoans but his statement seems to

)

have been based on the mere presence ‘of a basal lamina.

" In vertebrates basal laminse are said to be a special~-
ized form of connective tissue whose cheif functions are sup-
port and participation in the differential permeability to
molecules across capillary walls and epitheiial surfaces‘(xet-r‘
alides, 1970), Very little is known about tentacle physiology U

in bryozoans, but it seems reasonable to assume that the bas-
al lamina uéald not act ag a barrier to passage of -é§abolites

-
.
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from ihe coelom to the outer epidermis and vice versa. With
roipoct to its uach;nicnl function, collagern is a relative-
1y” inextenaible though flexible substance (Harkness, 1968).
‘In the body wall connective tissue of polychaetes, for ex-
ample, collagen serves the function of‘providiné a base on -
which the guscles con act, and of imposing a limit to the
extensibility of the system. In Cryptosula it seems certain
that the basal lamina performs these same two runctions,"al-
though it is not clear how the opposing fibril Léyers work

b ied

in relation to one anothﬁ

©

1.54 Muscle ! “

In(&ransverae sections the myofibrils are seen

-to‘be made up of a more or less regularly disposed arrange-

ment of thick and thin Tilaments, ’}e-iniscsnt of striated .

-u;;lei f@ere is, however, no longitudinal divigion into
regular sarcomereés. The groups of filaments do not insert
onto the basal lamina aé the same level, so there is.-no ap—
proxilatign of a Z band, A few dense bodies (isolated-bits
of Z hand material) have becn seen at different levels among
the fila-enta; and this type qf musci: approaches that re-
ported among various molluscs, wheyg scattered dense bodies
occur among thick and thin filaments. In the buccal retrac-
tor muscle of Monodonta (Trochidae) where this arrangement
occurs, Nisbet & Plummer (1968) refer to ‘it as striatéd”
They observed -a leas organized arrangement, in whicp dense
bodies were gewer, in pulmonate collar muyscle, which th;y

called smooth, Richardot & Wautier (1971) observed muscle

i

-




lore: organized than that of Monodonta in an ancy.lid, where
the dense bodies were aligned but not contiguous, and regar-
ded it as a type of muscle intermediate between smooth and
striated., Both groups of authors agree that lack ‘of striation
is dve ‘to lack of transverse contiguity of demse bodies. In °
. Cryptosula, where dense bodies are few, the tentacle muscle
is best regarded as smooth. ‘ ¢
The diameter of the thick filaments (20-42 nm) in
c!zptn-nIQXis considerably greater than the 11 nm diam cited
-~  Tor ;hick filaments in wammalian striated muscle (Hux!,éy &
Hanson, 1960) but compares with 18-40 nm in mammalian smooth
‘muscle (Devine & Somlyo, 1971), as well as 15-120 nm in gas-
tropod smooth muscle tllanson & Lowy, ‘1960). No figures are
available for phoronids or braeh-iopods,: Thick filaments from
entoproct socket muscle are 35-50 nm diam (uy determination
from micrographs of Reger, 1969), Thin filament diameters in
Cryptosula. of 4.5-7.5 n-‘are,near the 5 nm diam quoted for a
range of invertebrates (Hans_on & Lowy, 1960).

-

1.55 Ciliation

- The distribution of ¢ilia on the tentacles of a
marine bryoz;:an was most recently described by Lutaud (1955)
aad Bullivant (1968).-Lutaud recogiized that the lateral cil-
ia arose from two cell rows on each side, despite the diffic-
ulty of determining cell boundaries Py light microscopy. The, .
cilia from both cells beat as a unit, lying along the surface
of the tentacle in the forward position of the effective

! stroke, Sections of cilia in this position (fig 5) are seen to
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havelthe two central tubules of the axoneme aligned more or
less parallel to the céll surface i.e. at right angles to
the plane of the stroke. Tﬂe same alignwent is true of the
rronial cilia also. This. arrangement seems to be general in
ciliated tissues (Fawcett & Porter, 1954; Gihbons, 1961; Hor-
ridge, 1965; Tamm & Hnrridge,yl??O)‘

-

~  The rootlets in Cryptosula are long, as is common for
invertebrates (Fawcett, 1961). The lateral rootlets of the . ‘
‘Irontolat§ra1 cells attain 13 ,um while the basal rootlets

range from 2.25-3.50/u- in length, The major periodicity in

the rootlet fibers is 70 nm which is identical to the 70 nam

periods which are generally encountered in’ciliated tissues
(Afzelius, 1969). According to Fawcett (1958), in the lopho-

' “[phore of the freshwater hryoszoan Pectinatella three rootlets

»

arise from each basal hody, one vertical, and the other two
roughly horizontal but diverging in oppolite directions, Froi
his nierograph I estimate the rootlet periodicity to be 72-75
nm, As his -icrograph is cropped it is not poasxble to see -
whether the lateral rootlets are of eo-pgrable length. Ome
has & smaller diameter. The cells bearing.these cilia are not
- ”dcncribed<pnt these are probably lateral cilia, This is the
only information pertaining to the rootlet structure (indeed,
any fine structure) of the freshwater class Phylactolaemata.
The significance of the differences between rootlet structure
of adjacent lateral ceils and of the two classes cannot even
be guessed at, particularly as there is not yet a'known cor-

relation between presence and ahsence of rootlets and rootlet

P




orientation and the character of ciliary movements. Gibbons
(1961) feels that rootlets are not essential to function but
merely play a nechaniea{ role such as support. ’
Fawcett & Porter (1954) summarized views on the func-
tion of rootlets extant from 1880 to 1954, which included
nutrien? pathWa,#{ contractile glements,'bpecialized nerve
endings and impﬁise-conducting structures. Dorey (1965)

found Gibbons' (1961) opinion that support is the.only func-

J

tion of the rootiets uns&tisfying, and suggests that one -
function may be to preserve the various uniformities of ori-
entation that occur in different types of ciliary field.
Fawcgﬁth(lsss) suggested that if the rootlets were contractile,

their shortening in a particular sequence (in Pectinatella for

example) would impart pivotal movenients to the basal body
which would affect the shaft, However, that the rootlets are
contractile is in doubt as nobody has ever reported narrowing

4

of thé band widths or a possible sliding of the compoﬁent fil-

L

aments. The 60-70 nm period was regarded as aﬁzidentitying
characteristic of collagen (Afzelius, 1969) and until rootlets
are characterized chemically, their proper nature remains in

doubt, -

@

1;56 Innervation of the tentacles
The nervous system of bryozoans has recently been
delcribed in reviews by'ﬂy-an (1959), Brien (1960) and Ryland
(1970), and Lutaud (1969) verified the presence of a colonia}w
nervous aysfél as well as giving further details of the disr

tribution of polypide nerves. Om the basis of light microscopy

— ) s
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there are said to be four nerves i;!Each tentacle, two motor

da iP'ngntoaula. The
two motor nervea reported in b;yozoans correspond in ﬁgxgto~"

and two sensory., Six nerves were 3

sula to the subperitoneal nerves. These nerves were detected
_ by pre@ious authors in methylene~blue stained preparations
and were seen to arise at the tentacle base to ascend each
tentacle on the luminal side of the basal 1@:15& (Graupner,
1930; Bronstein, 1937). That Graupner should also have de-
{oé%ed th;ae nerves in tr;hsvé;se seéﬁions of the tentacles
is quite amazing. In Cryptosula the ti;y peritéﬁeal nerves
comprise single axons 0.5—1.o/n- diam, After h&pgtonic Lixa~
tion, however, they often appear larger (3/un diam) and this

may account for their detection. Graupner's illustration

(1930:61) depicts these nerves in transverse section in the
same position they are found in Cryptosula, so there is no
doubt that he saw them. The assumption that these nerves werc
wotor was based on their proximity to the tentacle muscles
(Bronstein, 1937:164). ’

The two sensory nerves reported‘in bryozoans corres—
pond to the three frontalrsubepider-al nerves in Cryptosula.
These were regarded as sensory by Gerwerzhagen (1913), Graup~
ner and Bronstein because there seemed to be connections to
apparené.senaory cells in the tentacle epitheliusi, most not-
ably at the base and tip of each tentacle. It 'is unlikely that
the newly discovered abfrontal nerve that occurs in Cryptosula
" is not found elsewhere, and its not having been discovered he<

fore by light microscopy is hardly surprising because of its
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small size, Y

- What light does electrén microscopy throw on théJspp- A
posed functions of the tentacle nerves? The subperitoneal .
nerves in Cryptosuly have not yet been seen to make contact
with the tentacle uﬁscles 80 their motor function is still
in doubt, The muscles lie about equidistant from both the
peritoneal and .epidermal nerves, but are separated from the
latter by the basal lamina, It is not unknown for nerveswto
traverse basal laminae to innervate ;uscle. This occurs in
the hemichordate éaccoglossus (Dill§; 1?69) (though not in

‘ Rhahdog}eura (billy, 1972) which is structurally very similar
to bryozoans in tentacle anatomy),. While occasional membrane
bounded apaces are found within the basal lamina of géigggr
sula, none have been identified unequivocally as axon pro—
files. é;bb élS?Oj repirted a possible myoneural junction in

- an ahteroid, separated by a basal lamina, them being no ap-

~

 parent direct connections between nerves and muscles, and Ros~

>

enbluth (1972) saw 90 nm gaps filled with basal lamina mat-

erial in certai; earthuor! Jjunctions. '

i Of greater interest perhaps, is the innervation of

*  the ciliatedvcells. Neu qciliary synapses are #nqyn in few
phyla - Ctenophora (Horridge & Hackay, 1964; lernandez-Ni—
gaise, 1973), Annelida Polychaetf (uolborow et al, 1970) and
Hemichordata Pterobranchia ‘(Dilly, 1972), In thp ctenophore

Pleurobrachfh’there are synaptic clefts 10-12 nm wide agannst

which lie, clear vesicles 30-45 nm diam, In the polychaete
Harmotho® and the pterobranch Rhabdopleura di-ensions were

v
i
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not given, In Cryptosula the vesicles are 36-60 nm diam
and the gap. betwesn opposing membranes is 20 nm which is
-pot different from the &pace seen in normal membrane appo~
sition, An obvious.synaptic cleft is lacking in some of the
micrographs of Horridge & MacKay (1964), none are apparent '
in Harmothod and Rhabdopleura and only in Berol (ilernandez~
Nicaisge, 1973) are they-well developed. The identificatiog
of these areas as synapses has mostly beeq based on the ac-
cumulation of vesicles against the supposed presynaptic side.
" The addition of the Bry;zoa to the small list of disparate
phyla known to possess neurociliary synapses suggests that
this type of synapse may 6e found elsewhere among the many
metazoans which possess ciliated epithelia.
] The means by which a nervb;s impulse might be trans-
mitted from the base of a cell to the cilia has been sub-
Ject to some speculation, Horridge & MacKay (1964) suggested
that this was accomplished by changes in membrane potential

from base to apex of the cell. In Pleurcobrachia and in Rhab-

jdopleura the nervous effect is believed to be one of inhib-
_ition, based on the observations that in the former any part
of a comb will devélop its own wave of ciliary.beat unless .
inhibited, ;hd in the latter isolated ciliated cells beat
rhythnically and faster for a while than on an intact ten-
tacle, On the basis of observed sudden stoppages a;d resump-
~ tion of beating of cilia, a nervous inhibitory impulse was
also postulated for bryoz&%us (vide Fawcett, 1961:277) and
other mmimals (Sleigh, 1962). Apparent neurociliary synapses

. _/<ﬁ?mv
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in Cryptosula therefore provide a mo;phologicai basis for

such interpretations, SRR )

The occurrence of vesicles, often numerous, on the
post-synaptic side in Crzgtosula is significant, and whe-
ther or not they are involved in efferent transmission of
signals is dcbatay}e. There are three possible explanationsf
for their occurrence, viz, ‘ ]

a, They are Golgi secretions from the ciliated cells whose
location is co{hcngnta; and which are unrelated to nervous
transmission; . s d

b. They are endocytotic vesicles involved in the recovery of
exogenous material released by presynaptic vesicles;

c¢s They are afferent vesicles and the sy?hpse is two-way.

] The firjt alternative is mot attractive. The size and

location of the vesicles sug;ests définite involvement in

synaptic trana.issio;. The second is a possibility, Waxman &
gappas'(1969) ;5served such recapture of presfnaptic secre-
tions to influence events deeper iﬁ:the postsynaptic cells

of the feline oculowotor nucleus, The third possibility would
imply that the\é;iiated cells could he sensory receptors., It

is a character1stic feature of sensory cells to contain num-

erous vesicles which are seen at synapses (Cordier, 19@4) but

in which a transmitter has yet to be &;monstrated. It is more
likely, though, thft only the laterofrontal cells and those

on the abfrontal side of the tentacle which bear cilja are sen-

sory. Vesicles on both sides of a synapse were not seen by ear-

lier workers who discovered neurociliary synapaes.‘Two~way sy~

napses are kmown in coelenterates but here they are interneural

’ *
L]
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(Vestfall, 1970), More information is needed to account for the
vesicles in the ciliated cells of Cryptosula.

1.6 Summary —~
The Jggiouy agg_norphology of the tentacles of a
bryozoan (Crxntosula pallasiana) are described at the ultra~
structural level, clariflying doubtful p?ints raisg& in earlier

literature and describing features not previously known in .

bryoso;ns. In the latter category are the following:

a. There are six nerv;s in each tgﬁtaéle, not four as previ-
ously fecorded. The new nerves comprise one additional fron-

‘tal nerve and an abfrontal nerve., All but the peritoneal
nerves comprise a cluster(;f axons.

. b. Neurociliary synapses occur bgtueen the frontal nerves and
nd:jaeet;t ciliated cells, adding the Bryozoa to the small list
of pyyla known to possess such synapses,

Points ;hich havefbeenvclarified include the following:

a. Tentacle muscle is shown 'to be smooth, thereby confirming
Brien's (1966) opinion, based on light microscopy.

b. Tentacles are covered externally by & thin cuti;le of muco~
polysaccharide morphologically identical to(that found in
many other invertebrates.

c. Cilia occur on eigﬁt of the ten cell rows comprising each
tentacle, Abfrontal ciliiaare of two kinds - short tufts
of about ten cilia alternating with longer solitary cilia., -
There are,no syncilia; ‘

d. The basal lamina is shown tzﬁbe collagenous. The collagen
filaments have a periodicity of 55-65 nm, The diameter of

11.5 nw is among the. smallest cited for an invertebrate,
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SECTION 2 THE ULTRASTRUCTURE OF THE LOPHOPHORY BASE

e

2.1 Introduction
] Bﬁ}oxoan body organization is considered to be
ric as in deuterostomes, The epistome of phylactolae—-
mates, lacking in ihe Stenolaemath and'Gy-nnlae-ata, is a
dubiagp prutoso-e, “the lophophore with its cavity represents
the mesosome, “and the main body of the zooid the metasome, A
ring coelom in the lophophore base is the ﬂajor part of the
mesocoel, with extensions‘into the tentacleé. 1t is‘known
to be in\gomunicat:fon with the metacoel so there is 1}:‘9?
ly some reciproc%} exchange of fluid betwéen;the Fwo compaft-

ments, ‘It was implied by Mangum & Schopf {1967) that oxygen

-rich mesocoelous fluid from the evaginated lophophore could

mix with metacoelous fluid upon;ietraction, an idea partly
expressed by Hincks (1880). Ryland (19G67), on the other hand,

‘felt that morphological arrangements would not peqrit such

mixing, particularly as the’snal;ness of the openings between‘
adjacent cavities would prgélude much flow. One of the aims
in this section of my research was to determine the extent of
the communication between adjacent coclomic compartments and
to dedgce fluid n;venent from the architecture of the lopio-
phore,

Another aren‘;f debate is the nature of the lophophore
retractor ;ﬁscles. Once thought to be striated (Nitsche, 1871;
Hincks, 1880; Borg, 1926), they were said by Marcus (1926, 19-
39), Rogick (1937) and Brien (1960) to be smooth. The striar
tions that are often seen in retractor muscles were found by
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Marcus to°disappear in polarized light, and he attributed -
the striae to folds in the sarcolemma (1939: 273), According
_to Brien, thdugh, thé retractors contain two fibers which

" become helically coiled upon retraction. The retractor mus-
cles of the mouth, on the other hand, .were said by Brien to
be truly striated. B;cause of the different opinions expres-
sed and the difficulty of obtainingiinéquivocal evidence on
the basis of light microscopy, Neilsen (1971) felf'that ;11
‘atriated' muscles reported in bryozoans ought to be studied
more cl?sely. This section therefore considers the uitrastruc--7 ((

ture of the_nﬁsiiéz’of the Iophophore.,

n
. A fine-structural characterization of the bryozoan ner—
vous syé%eu has ndt yet been published, although research is -
currently on-goiné in France, In this section, therefore, ner-
vous fine structure will not be considéred.ﬁn detail; although . .
- attention will be.called to the possibility of Jéuroseéretion,
which should be expected in Bryozoa @s it has been reported in
every q;tazoan phylum studied so far (Porifera and Mesozoa ex-—

: cepted) (Kelly, 1967).C

- . :
2,2 Materials and Methods (as for section 1).

v

%? 2.3 Gross morphology and anatomy )

S 2

The loihophore base is structurally the most com-
plex part of the polypide (figs 1a,b). Here the tentacles are
united at their hasea'and_their‘luuina are confluent with a
rin}; éoelom around, the mouth. A ganglion occupies the full

width of the coelom on thé’dprsal side, tapering ventrally

’

a




Figure 1, Lophophore hase of Cryptosula pallasiana in cut—

e - away view showing its cnnstruct;on Qg;qﬂ on ser—

 ial électron‘;iciogruphs taken through a number

of planes. o

‘a. depicts the lovhonhgpre hase bisected in the

» Qdorsoventral plane (the left hand side of the
diarram is dorsal, r}mht is ventral}, -

b, shows a hisection at risht anples to a. -
: 4,

2

Key: 1, tentacle sﬁgnth
) . 2, anus - S
- 3. lumen of tentacle €mesocoel) ,
4. basal lamina ' .- ’
.- 5. ring coclom (@esncnel} .
- - 6, peritoneum
7. ganglion
8. tircular muscle
9. oropharyngeal ner;c )
10, myoepithelium of pharynx
11, buccal dilotor muscle
12, rinz coclon
- 13, c¢iliated pit f -
14. hasal transverse tentacle muscle

15. lateral nerve tract

16, lophophore retractor muscle
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_ into a nerve tract on either side of thd nuu be rrou which
nerves arise to all tentacles. The two tractsxd: ‘not unite
ventrally. Subtending the ring coeclom around the mouth are

¢ subepidermal circular muscles which are ;eria;;y continuous

Ewith the ofrcular muscles of the alimentary canal, Obliquely
crossing the ring coelom at intervals are thin strands of ¢
mouth dilator muscles, The inner epidermis, which is ome cell
thick throughout the pqupide is up to three cells thick in thé
mouth region, tapering to two cells at the level where the
tentacle sheath is attached, and one cell beyond’ this point.

i ‘ Suéporting this whole apparatus %g a complex fibrous frame-
wor£ of basal lamina which is variouvsly keeled and indented
for muscle attach-ents and other‘pnrposes which are somewhat
obscure, Either side of the dorsal ganglion are gaps in the
basal lamina connecting the main body coelom with the lophd—
phoral coelom., Between the bases of the !enggclés are cili-
ated pits, The mouth is ﬂensel; ciliated.

. 2.4 Fine strucLural anatomy and nbrphology
2,41 Surface features ’

The cuticle of the tentacles and‘tentacle sheath
is continuous with the cuticle of the oral region and pharynx
where it is O.OSIn- thick and peé-eited,uith microvilli,
There is no morphological and presumably no chemical differ~
ence between tentaclgfand mouth cuticle and the description
?I cuticle in the previous section th?regore holds for this
region also.

t
»

Mouth cilia are 20—25,u- long and are like the frontal

-
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cilia of the tentacles in their basal structure., From the
basal body of each cilium arises a more or less vertical r‘i
rootlot about 7 um long. Iy the plane of the stroke are two
lnteral -processes from the basal body. Pointing orally is a
short rootlat o.OQJu- long and in the opposite direction is
a ban;l foot and satellite body. As with tentacle cilia, the
‘.utral tubule pair is at right angles to the plane of beat.
’Orlsinating in the mi"otch between every pair of ten~—

>, |
tacles is & cuticle~lined pit (figs 1, 4). These pits have '

u ~[
not preViously been recorded in bryoxoans, no doubt because \
of their small size, While theyjm 2.5-3.0 Fone long they are,

barely 0.3 ,u- diameter, 'l‘heir function is obscure. Some of

the cells lnrrnunding each pit contain small vesicles 70~100 "\

nm diam resembling veaicles seen in axons, and occasional
-axons occur at the baaes of some epideml cells' surrounding
each pit. Ciliu occur in the top two~thirds of each pit and
as they have the normal 9:+2 tubule configuration and possess
short rootlets, it is likely that they uoi:i,le. Some of ‘the
microvilli in the pits are clavate with an invagination near

'th; tip.

% £

2.42 Eplderwis

z

The epidermis of the oral region is thicker than
elsewhere in the animal; The cells havé an embryonic appear—
ance and ‘mitotic rigurea are often encountered (figs 2, 4).
Nuclel are relatively large, occupying 45% of the cell vol-
ume, Centriolar stz;ut;tnrea, some with radiating microtubules

are oécu‘imall’y encountered, Microtubules are common in

.
{
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Figure 2. Buccal apitheliun' Transvﬁrse section of a lopho-
phore base through the level of the -outh showing

Y the embryonic appearance of most cells. In one 3

(upper right) a mitotic figure is seen, which is

probably telophasic judging by the pieces of nus
. . clear envelope forming around the chromatic lobes

(arrows). x 5910 (scale é/umi;

—
o

Figure 3. A deposit of fibrous naterial between spithelial
ceiis around a ciliated pit. x 24,000 (scale 0.5,un).

Figure 4, Ciliated pit: Transverse section of a cuticle-lined
pit (p) at the lophophore base. cifia are not seen
at this level although a centriole pair (arrows) is
seen in one cell. The epithelial cells around the -

pit are blastemic lifg those around the mouth, and

a mitotic figure with‘mierot;bules (m) is seen’ in

. one cell, x'§5,800 (scale 1/um).

Figure 5. Cells at a tentacle hase, in transverse section,
showing a lipid droplet in a ciliated cell, adja~

cent to one of the three frontal nerves. x 22,800,

(scale O.Syun). (n = nerve; 1 = lipid droplet).
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young and dividing cells. Multivesicular bodies and lipid

droplets may also occu* in this epithelium (fig 5). Inter-

cellnlar deposits 0f ribrous material were occasionally seen

between the cells around the ciliated pits (fig 3). Thebe

deposgits are usually associated with secretions from Goigi

hodies in the stomach of Cryptosula, snd their fnnctionlis

unknown,., As such Golgi bodies were not found in epithélia of
° the lophophore, the occurrence of ‘these deposits is surpris- -

ing. T . .

hensory cells in this regxon are difficult to identa-

C zfy. Bronstein {(1937) reported sensory cells in the crotches
between tentacles and Silberwann (1906), Graupner (1900? and
Lutaud' (1955) saw them by methylene hlueg&taining in the ten-.
tacles. In Cryjitosula the most likely candidates for sernsory
cells are ciliated cells cbntaini;g vesicles at %hcir.ﬂhses
and having clongate processes running adjacent to axons (or
nerging into them) such as I have seen in the tentacles. Sec~
tions rarely, however capture the irregular course of these
processes and cytoplasmlc contents are not obviously different

~

from surrounding epithelial cells, T .

2.43 BbBasal lamina o ,
The fibrous basal lamina is perhaps the most con-
spicuous ele;ent;?t Ehe lophophore hase., It is much thickened
in places, for two main reasons. First, this is the site of

attachment of the lophophore retractor muscles, %he largest

“© peed

in the budi. Second, a strong supporting framework is neces-

sary for the bending movements of the fentacle crown, It is

|
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Firure 6,

~e

Diagramuatic representation of ﬁlightly oblique
transverse scections of the lonho hore base at the
level of the moutﬁ (a) and where _ the dorsal ten— -
tacles herzin to separate (h), sh&wing the different
profiles of hasal lawina cncountered with‘changing
levels up the tentacle hases,

.

1. hasal -lamina

LY
2, ciliated pit .
o P
Ge basal iransverse tentacle mescle ,
4. frontal tentacle nerve clustér - -
5 ahfrontal tentacle nerve .
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Figure 7, Diagrammatic represcntation of the basal lamina

- ﬂ:?e] eton' of the lophophore base.
¢ 1, mesocoel - ) R
2, bhasal ‘lamina of the tentncle sheath at the anus
3. cavity to accoumodate the dorsal canslion
. 4, pharynx ) '
+° 7 5. depression which accoiinodates epithelial cells
- around a ciliate@l pit.
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" to expectations, lopﬁgphores are not retracted &s small waves

S
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\ 1
striking to watch jintertidal bryozouns at ebb tide. Contrary

swash over colonies, and with every passing of a wave lopho-
phores are flung back and forth until) finally, with the pass~
age of no more water over the éolony surface, they are with-
drawn, When submersed, bryo;;ans may also exhibit bending move-
wents of the crowns during rnormal téediﬂg.‘The transverse com-
plexity of the basal lamina is shown in figure 6 and a view’of,
the whole structure in figure 7. Over the dorsal ganglion ié

"a thin shelf which tapers ventrally on both sides of the mouth.
Basal lamina also separates the ganglion and lateral nerve :
tracts from the peritoneu-ﬂ (In the polypide pri-of;ihl it is -
the peritoneal cells which secrete the basal lamina; therehy
behavlng as fibroblasts, but they later lose this f&nction).

Basal }amina also ensheaths khe circular muscles of the mouth

"»and some of the nerves for a-little way beyond theirlnrigin.

.‘ . -
' . . J
2.44 Peritoneuinh and mesocoel

®
1

The peritoneum (fig 1) is a layer of single cells

completely lining the ring coelom and is continuous with the

periioneum of the tentacles. There is also a peritoncum lining

.

the lophophore hase on the metacoel side (fig 14). The cells .
é;e flattened with irregular‘surfaces. Muclei are likewise .
rlattehéh, and are reletively large. No organg}les other than
the usual RER and mitochondria were seen and the peritoneum is .
not ciliated as in phylactSIae-atesm )

The dimensions of tlie mesocoel are related to one of the -

& &
functions of the lophophore which is that of sperws release. This
4 '
E




45

is an elusive phenomenon which has been witnessed by only
two people (Siién, 1966; 1972; Bullivant, 1967). While 1
have seen sperm loose in the -etac;el of Cryptosula, I have
not ohserved actual release rron the teﬂfacle tips so I do
not know if all or only tbe “two -ediodorsal tentacles are
involved (as in some bryozoans), but in either case, the fol-
lowing figures are relevant, Sper- of nggtosqla are 45/nl
long and 1.25-1.75;u? wide. Entering the ring q?elo! from

' either side behind the- dorsal ganglion they would find them-
selves in a chanber (roughly oblong in cross section) 12 2 um -
wide by lslun high, or 8-11 spgra diameters at\maximum dilat-
ion, from which tﬁzy could éasily enter tpé tentac The

"dilated lumen of single tentacles is equivalent in cross sec-

tion to 5-14 sperm diameters. . ° '

A three diménsional picture of the architeeture of the
lophophore base based on ultrastructure (figs 1, 14), and ob—
servationf on live polypides allows interpretation of the move-
ment of coelomic fluid at times of eversion, retraction and
feeding of the polypide. In sections of retracted polypides
the tentacular lumida are ogc}udedTaue\Qiécontraction of the

tentacle musc¢les, and upon eversion of ti " polypide stretching

o

of the tentacles can be seen by careful observation. Stretch-
ing or relai&tion of the‘longitudinal tentacle muscles can‘bé
accomplished only 'by forcing fluid up the tentacles, This

’ could he achieved by movement of metacocl fluld into the ring
coelou and thence up the tentaclcs wpon eversion of the poly*
p}da. During feeding, tﬂg;buccal dilator muscles, which cross

| ¢ -
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the ring coelom at intervals, contract, thereby opening the .
mouth wider than riormal. The mouth is not normally closed '
when relaxed but rg’ainalgpen at a diameter of between 2%~30 "
}u-, dilating upon contraction of the dilator muscles to c.
36/ul, Complete closure is possible and happens inrrequ;ntly
by moximtm contractioﬁ of the circular muscles of the mouth.
When the buccal dilators contriét, the floor of t;e ring coe-
- ;on is raised, siuu;taneousiypclésing thetgaﬁ connecting each
tentacular lumen by occluding it with‘teritonehlacells (fig
. 14a), It is normally a narrow passage when it is open.“Ring
'coelom fluid must therefore pass back into the metacoel, the -
only place which can accomodate it, although some may enter’
& thé fentacles before complete closure, Reverse flow occurs
~ when the circular ‘muscles contract. Blocking off the passages
to the tentaclé; sﬁould prevent suctional effects from being

felt there, ©

2.45 Musculature
There are four sets of muscles at the léphophoneii

_base. One set, the bhuccal dilators, opensythe mopth as men—

& tioned above; another, the circular nuselei,wglyse the mouth;
a third, bithect& unknown set will be discussed later as to -
its possible function; the fourth set comprises the lophophore
retractors, which retract the feeding polypide into the cy;tid.

o The buccal_dilgtorévifigs 1, 12, 14b) créss the lower

rpartlof thé ring coelo;iﬁt intervals around the mouth. Each .

' muscle cell may be perforated and splays outward across théy

coelom from insertion points on the bhasal lawmina on eoch side.

x
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Figure B8, Circular muscle of the mouth: Ghlique section

a

throu~h the mouth regiofi in the planc of the cir-
? R '$ '4!"
b cular mescle sheet, showing sarcoueres and irres-

g Q*\ . ular Z bands. x 29,600 (secale l/um).
- o ¥ :
Figure 9, Circular musclc of thc‘houth: Lonritudinal section

?

throurh the mouth rcéioﬁ showing the close apposi-
tion bhetween a’circular muscle fibril and an oro-
pharynseal nerve. Note the small dense vesicle
(arrow) in the pharynseal cell cytoplasm. x 24,900,

(scalefo.slum).
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Figure 10: J.-ophophnre rétractor muscle: Transverse section

- ¥

_of a muscle cell, There is one longitLdiml fib-

& - “ verse section shows triated circular muscle sar=
I comerés (c) adjacent ! kb, buccal dilator muscle (a)
P o whose til&nents afe perpendicular to thosq of the

c:u:pular ﬁxscle. ‘A tRin basal lamina separates the

v \ é . circular Iuscle from two ;)roplxaryngeal nerves
ﬁ (arrbws). 28,690 .a(scalse 1um). :
o - Figure 13, Dasal transverse ‘tentacle muscle: Longitudinal

~ - a section through a fibril éd,jacept to a crest of -
dl* T ;I\ (a’ _ basal lanixfa (bl). An a(i)frontal nerve passes over-
" . - ] - the (muscleren route to the abfrontal side of a
) ;‘ % T 50 tentacle. x 6700 (scale 2/mn).
, ) ’ ’ ’ ) ¥ . ¢

s . o -
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The cells are relatively shoit and there is .mo division into

regular sarcomeres. About ’twely:e thin filaments c. 3 nm diem
surround each thick ‘filament (20-24 nm diam). The location of
thene -unclu; at lower levels ot the lophophoral coelom would

seen to relate the- to the tentacle -nscles a little higher up,

. but -filament dimensions are sutticiently different to regard

A

them as a separate set of smooth -uscles.

' The circular msclex of the mouth (figs 1, 9, 12, .14)
are serially continuous with the circular muscles of the ali-
mentary tract and form a muscular sheet hemeath the ring coe-
lom, This jis striated suscle, oceurring i:: definite sarcoweres
about 5.0-6.5 um long and 4 /am wide. Filanent di-ensions are
the name as for the buccal dilators. T

e third set of muscles has not been deséribed 1: bry—-
osoans before and I shall here call them the basal trnnsvferse
muscles of the tentacles (tigs 1, 6, 13, ‘18), Each mmscle is a
ningle cell up to 10 /um long“stretching across the V botmn
the frontal keels at the bases of the tentacles. ‘rhiek tila-

ment diameters range from 13‘-?5 nm, '!'hin tila_-ents are c. 3 om

diameter. S __\j\ = h
/ &

Inaort:lng laterally on the basal lamina at the levcl of
the ring coelu are the lophophore retractor muscles (figs 1b,
10, "11), These are bimdles of 18~29 cells on each side, each
cell being about 3.5 ,a- wide and up to 910 um long in the st;set-
ched condition, The lengths of contracted muscle are difficult
to estimate owing to the folding of the cells upon contraction.
Packing of thick and thin filaments is not as regular as in the

3
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.arranged in groups presumably responsible for collective in-

e
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other muscles described. This seems Zo be due to the varia- o

bility of the center 1o center spacing between the thick
tilauchta, but in sowe sections a more or less regular dis-
posal or”;bout ten thin éiiaments around one‘;ﬁic% filament - -
ca; heig;scerned. There are no sarcomeres or scattered dense

bodies, therefore the retractor muscles are plainly smooth,

.. > - ) ‘ .
2.46 Nerve center )
* u The dorsal ganglién (figs 1a, 14a) and lateral *

-

nerventracts (figs 1b,. 14b, 15) conatitute a horse-shoe sha-
ped nerve center in the animal, In the ganglion neurons are
nervation’ of prescwribed regions of the zooid. Tracing the nerves

from their origins to their destinations is not easy at the EM-

* level without recourse to perhaps hundreds of aerial sections

'ot‘the gpphophore bage taken through numerous, planes in con-

junction with vital or special staining of nervous tissuwe. Such
a study is currently being undertaken by Dr Genévidve Lutaud

of the Lahora;oire d'Anatomie Coupa?ee in Paris, half of which
has been published (Lutaud, 1969) and of which the fine struc-

ture will be submitted for publication this, year (1973). By

own dcscription, therefnre, will be based on uhat can be agcer-
tained from nicrographs used to determlne the. three~dimensional.
cgnatruction of the lophophore ﬁgse and the arrangement of tis-

sues therein, with reference to lntuud's’work, and earlier lit-

erlture. . . = ‘\

Tbe ganglion and lateral nerve %racts are covered by a
thin shtath of hasal lamina, A wediédn longi‘tudinalﬂ section of °
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Figure 14, The nerkous center: uiagrnmmatic\kepreéeutntion

21

of the dorsal =anglion (a) anmtd a lateral nerve:
tract {b) at the lophophore bhase. In a it is seen
tht’the ranilion occupies the full width of the
rinr coelom which is very reduced at this point,

“ive axon tracts are seen, of which.ome at Y will
o -

mive rise to tentacle nerves (see 11 in b) and Z -

curves over tlie lip of circular muscle to run

~e

doréally.to oropharynreal nerves. oo
In b the lateral nerve tract is quite wide at this
point not far from ihe ~an~lion. 1t hecomes reduced

‘to half this size. In this diargrom (tracgd from a

3

photo montame) the buccal dilator muscle is coh-

-

tracted and the mesgcoel has. been obliterated by

<
.

displacement of mesocoelous fluid, Notiee how the

3

nerve tract is lifted upwards c¢ousing periteneal .

tor

cells to acclude the entrance to a téntadle Jumen, -

[— .

1, basal lamina ot : .
2. peritoneun . :

v »
Je mesocoel . T e .

1. rlianl cecll with pliosomes ¢ .

s b

3« oropharynreal nerve '
i, circular mnscle’ of the mouth .

7. pharyngeal myoepithelinm
i ' « 10, nerve toﬁl‘lthm;lmre

#, mouth cell ‘ ‘
retractor muscle

9, buccal dilator muscle 4, 4oi4oor0 narve. L

-

4 \ -

1
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thj ganglion slices through 20-25 neurons arrapged in 4~5 ra
groups separated by about five axon bundles (fig 14a). The ’

garglion is solid, not hollow as in phylactolaemates, and -

is clearly conposed of a greater number of cells than the 25
cited for Flustrellidra hispida by Graupner (1930). The
neurons of Cryptosula are not all of the same size, the more

dorso-posterior ecllskbeing sonéwhat larger as Lutaud (1969)

" observed in llectra pilosa. Becauae of the irregular contours

‘of the neurons and their processes it is' difficult to deter-
mine which i;e unipolar, uhic? bipolar and which multipolar,
All three kinds are said to occur in bryozoans, of whi;h most
* were thought /to be ‘bipolar by Graupner (1930), or unipolagv
with median wventral multipolar cells continuing into the lht~
eral nerve trncts (Lautaud, 1969). Neurons are shown in Ilgures
. 15-17, S-allwqyelin figures are sometimes seen and glycpge;
oc¢ura in some cells (fig 17) but is not common, Small plgment
L Agrannles were seen in some of the more dorsal cells which are
probably giial in nature. | - ® , .
Ubvious vesicles occur in most neuronal perl rya, as-
sociated with Golgi bodies, but are most abundantly concentrated
' ~in axons. Most vesicles are s-al{ clear vesic1e§ 30-505nm diam
while in the large’ dorso-posterior cells dense vesicles c. 80~
290 = dia- ikﬁb-bling'neurosecfézz;y'vesicles occur in the
cell body, If these cells are to bhe equated with what Lutaud i
: calls the dlrect proximal nerves (ip £lectra pilosa) then they -
follou a course tnwards'the distal end of the polypide as far

.a8 the aiapnﬂag- of the g:entafle sheath, where they subdivide '
- — v % M .
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Figure 15. Lateral nerve tract: Showing the disposition of

4
»

i

: Figure 16. Refiron from a lateral nerve tract: Part of :figure

. . u ¢ -
15 shgwiﬁg,a number of miltivesicular or sranular ;
o M ‘ P v .
- hodies in the perikaryon, x 30,200 (scale’l,um). v ) \
Figure 17, Neuronal glvcozen: Two sites of alpha 'glycogen. - :
& - ¢
. , deposition are shown in a neuron, x 22,100 (scale -
yum). ‘ . <
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inwardly as a 'core'.- Part of a perikaryon (arrow) :

is shown in Firure 16, x’ddﬁﬂ (schle”5/um)(

> i

“ o

o



. inm - general, viz' cell somata are concensrated at the surface

, from the CNb«under theltentacles.

i , ’ 50

Fo

-

int aecondary branches whose¢ end-points are ﬁbt clea;. In
Cv tosula, the onlysneuran b dles whose axons I have been
able to follow are a qantral rior .cluster which continue

¥1uto the lateral nerve tracts and frou which arise the ten--§°
%
tacle nerves (flg 14a,h) and a ventral group whoée axons AP

leave the ganglion from the pointed oral side (fig 14a) t;iib )
curve backwards undar/the circular muscle sheet to give rise

"to the trahsverse nerves around the oropharyngealfjunction.

. The lateral nerve tracts in ergtosula (fig- 15) are

constructed in a uanner similar to;that found in, invertebrates

with the' axons directed 1nuard133 collectlvely formlng the "

7

fibrous core. ‘In transverse se:tiqn, ‘the lateral tracts taper
from. about 13 to 8 cell bodies on exthgp ﬁide, form1ng a rough
semi-circle of neurons‘bacéing”ohtb thé m&soéoel, with fcons
on the oral side of the tract. . .

The frontal.and ahtrontal.nerVes of each tentacle ap-

)

pear to arise close together from the CNS. The former can be

= Ed

‘seén in their frontal pos1t10ns dn obll;ng tran¢verse sect1ons

at levels iMmedlately bnve the CNs (fig 6a). The abfrontal

(3

o o
 nerve of eath testicke zr:d‘a nearby or rrom ‘the ' same point, :

k3

transverse tentacle nuscle (which it must innervate en pass
as it is the anly nerve associated With this muscle),’ under
the lateral’ flanga of basal lddina an& around. the back of .the
next tentacle (fig 18). The peritoneal nerves arige difectly

&
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Figure 18, The ori&in of the subepidermal nerves: A, B and .

s * G show respectively, frontal, lateral and abfront-
. al views of the hasal lamina,of a tentacle from
g - the left hand side pf the lophophore, Left and right

handedness is denoted with respect to the position’

a

. of the grnzlion (arrow in B, which represents the
A crown of 17 tentacles in cross: section), D shows

™ - the relative positions of the nerves from tentacle

-4

" = to tentacle. - .
- *

- *

. 1,4. abfrontal nerve .

- ~

2, peritoneal necrves ‘. ’ ‘

- ., 3. frontal ncrves )

¢ ) *

1?{b35a1 transverse tentacle muscle. .
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2,5 Discussion 4 .
OUné of th; new features diécoYe}ed-at the Lopho~-
" phore base is' the E&astenic nature of the epithelium, Cells
, 'surrounding the ciliétcd pits and mouth cellsjwere sometimes

) ;Tbgeen io he unidergoing mitoses.: If Brien's (1960) obéervation
‘of cell loss from iouth epithelium of phylactolaemateé"is
'cofrectytheh a blastema would enable cell replacement, This '

would also-be d:éite from which cells could be mobilized in .
wound repair, as when tentaclgs regeneréte afgér amputation
(Otto, 1921). The'oéb;rrénce of blastemic tissue here would
qlso account for Matricon's discovery of a rapldly prol1f—'
ratlng epithelium from the v;clnlty of.the ganglxon in the

hx\?egeﬁeratlng female polypide of Alcxgnldium polyoum (Matric-

on, 1963). The polypide degenerates when ova reach a certain.
size and the new'epitheiiaaklayer becomeq\ciLiated and funncl

shaped, serving to condict ova t6 a distal incubatory pouch.
& — ‘ - ’ ’ : £
2.51 Musculature T e ¥ §

d

’ ‘ " 'Tbeuvariety of muscles and their filament dimen—

sions encountered 50 far ‘are tabulated below. The tentacle s

a

T ’ -usclen and parletals in the maxn b&dy cavity which degyess
A
v te; compensation sac are included for comparlson. These mus— |

g cles resolve themselves into three categorles, viz,
" - ‘
Nﬁ\i ‘a. e&assic91 smooth muscle with or without dense bodies,

thick filaments not gieater than 42 nm diam (longitudinal

(basal transverse tentacle muscles and parietals);

|
o
g} ¥ * -~ . .
\ .

L ¥

- ’ . v . .

e -
R ¥
f

. tentacle muscles; buccal aiiggérs and lophophore retractors);

-

13

‘o b. parawyosin-like smogth with thick filaments ug to 75 nm diam ;

P & . - ' PR
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Table 1. Some muscles of Cryptosula and their .characteristics.

@
@ 1 @ 3

’

ng_,g_ . * Thick filasent Thin filament zxgg Function
muscle " diometer nm  diam diameter nm ]
‘longitudinal ‘.-, o ] ‘ « -shorten
tentacle -uacig 22-42 4,5=7,5 smooth tentacles
P ¥ ? ° a
‘basal transverie . paramyosin hold fluid’
tentacle muscle 13-75 . - ¢€,3" | like . pressure?
buccal ‘ .o , - o
dilators 20~-24 © Ced | smaoth open mouth
circular muscle - o, T close
T ~ef mouth 20-24 | €.3 striated -mouth

-lophophore ’ . - - retract

° retractors P 13-31 3=7 “smooth polypide
parietals 5% 30-72 of - ’ Jparamyosin evert-

’ 'Like polypide

In C xgtosula muscles of different types act as antago—
> /e
nists e.g. suooth against striated, and classical smooth against R
paralyaoin—lmie suooih, The dimensions of the very thick fila- -

are greater than that ¢ncouftered in regular thick (myosxn)

ments in the bhasal tijgsverse teﬂ%acle suscle and the parietals ,
"filaments and in;xcﬁies the presence of - paramyosin thongh lack—
ing paranzgsig per:odicity. Unly tlic molluscs were known to
possess parauyosin (ﬂanéon & Lowy, 1960) although more recently
para;yaqin has been reported from holothurians (Baccetti & Ros-
ati, 1966; Rosati, 1968), annelids (Baccetti, 1967) and Limulus -
(Levine et al, 1973), Paramysosin muscles are noted for being
able to Iaintain high 1evels of tension over tonggperiods with-
out signs of tatigue~(Lowy3’1958) and it is clear that this
gype of uusgle would be wmost efficaciqus duﬁipé long intervals ~
uf'fe;di;g; when the parietals nuit ;xert sustained pressure, by

their coutraction, on the metacoelic fluid, Similarly, the baéygr

o LS
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be .a8 accessory mouth-closing muscles which seeus“poin}léss

- » ) , . B3
trani‘erse muscles of the tentacles should exert sustained
tension during eversion of the lophophore. .
These'-nscléb probahly act as antapgonists of the 1on—
51}udina1 tentacle muscles. During feeding, individual ten- .
tacles are capable of flicking their tlps, curving inwards ,

i

and even coiling., In order to behave 1ndepende9t1y in this

manner their fluid connection to the rinétcoelom should be

}m

either cut off or severely restricted, as explained earlier,

by occlusion of peritoneal cells. There .are two longitﬁdina;

muscle tracts,aone bending inwards, one outwards. I cannof’

envisage these restoring the tentacle to the nbrmally erect

- pobition without some shortening of the wholeatentnctg and”

it is likely that contraction of the basal transverse muscles -

e

. should restore tentacle shape by displaeemené of fluﬁ: d{s%~

ally, The only other possible function of’these muscl s ,would

in v&éw of the well developed. sphincter—type circular &uscles.
’ There has been some doubt in the past as éo the nature
of %he lophophofe retractors. Some authors (e.g. Boryg, 1926:°
231) have taken them to be strlated becaﬁ%e under cértain lw%x
conditxons they do' appear striated Marcus'(1939)¢ howewer, .
discovered that in polarized 1i§h§73h6§ apfieared smooth, and .
Brien (1960) observed (in Phylactolaemata) that a kind of hel—-
ical coiling upon retraction resulted in a striated appearance.
In gxntosula.they are certainly snnoth, P"t npder phase con=-
trast rippling of the sarcolemma can he secn, and it is likely

that ‘effects such as these -isledreargier workers ¢

» '
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Attention hag heen drawn to the structural similari-
ties between sipunculoids and bryozoans (Nichols, 1962),

Ignoring for the moment its cqloglaldnnture, a bryozoan like

the ctenostome Bowerbankia is characterized by a roughly ver-

miform body with a protrusible feeding apparatus comparable

the,}atger-have been the sub;ect of some physidloglcal st

ies (Astbury, 1947; Fisher, 1947) because they can nndergo a

: wide rang; of length changes, This ;atter is also true of

bryozoans Various dasturbances durlng feeding of Cryptosul

“will cause partial withdrawal of the polypide such tha
‘ lophophore protrudes for vnr&lng distances fr e orifice.
3It is unfortunate ,that the small size of bryozoans précludes

ready 1nv¢stigatlon of phy51olbg1ca1 phenomena such as these,

\ 2,52 Central nervous systen

\

. \ Most detalls of the nervous ‘system in bryozoans ‘
can' be gleaned froﬂ a study of the most comprehen51ve reviews

. of r&cent yuars, vaz; those of Hyman (1959), and Briem (1960).
In addition, Bullock (1965) neatly summarized the field 1n re-

. lation to other invertebrate nervous systenms and;hls knowledqe

o{ nervous anatomy in general, Bryozoans are said to be ‘marked
by extremgly simple nervous s;steQS and no s¥nse organs, hut
only simple unicellular receptors, in association with the
sessgile, colonial habit and minute size, There is a distinct |,
hrain but: .no nerve cords’', é‘he histology of the brain is 'typ-

icnl of smkll, lower invertebrates' (lulldck, 1965). MObt au~
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thors more or less agrce on the genernl\uigposition of the
ganglion and nerves in gymnolaecmates, although there are
Eouj minor differences if the.number of cell clusters in
the ganglion as it seems that several different,histological
- stains are required to see all of them (Lutaud, 1969)3,§heré .
is no ¢erebral vesicle as in phylactolaemates (Drien, 1960) .
- and glia; cells are few. R .
In spite of the siﬁplgcity of bryozoan mervous organ- X
ization it should not be surprising to find eviﬂqnge”of neuro-

©

secretion, As this phenumen;h occurs in most phyla it is rea—-
P sonable to expect its occurrence in groups not preVLonslfiex-
umiped {Bern & Hagadorn, 1965). The presence of large dense
vesicles in Cryptosula neurons does not nece%sarily pJEve,
however, that neurosecretion, occurs. Neurqgecretory vesicles
are known to ranée from about 80 or 100 nm diam to 300 nm diam
(Hofer, 1968), and synaptic vesicles 30-60 nm diam (Gray &
Guillery, 1966) but er:n re;l;u].m:ynaptic 'vesiclesﬂ may kttain
- large diaﬁftqu. In the hydromedusan Gonionemus clear synaptic
. vesicles are 100 nm diam while dense-cored vesicles are 120~ ,
140 nm diam (Westfall, 1970). Furthermore, Newman et al (1968)
’ suggest that in the same organism vesicles of different sizes '
and density ;;y contain the sa;e secretion, Bern (1962) com—
men%s that, in order to %ftablish the occurrence of neurose-
cretion, one-must determine that the secretion is a hormone,
not{ a neurotransmitter. This implies thni tﬁe secretion myst
be long-range and long~acting and not dlrecrly transnitted

but released into circulating or tissue fluids, *Circulation®

~
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in bryozoans is induced by movements of the polypi%?'and it
is not known how effective this is. It would seem to be pref-
\jerabla to deliver the secretion directly, an{ as neurosecre-
* tory neurons are now known to synapse with epitheliai cells
iﬂofer, 1968), themké&zes of endocrine function, perhaps sy~
Cryptosula. Evidence“gf éﬁch synapses*

has been seen on ciliated cells of the stomach where neuro—

[

napses are involved in

secretory-like terminals occur. These will described in more

detail in section 3.

2s6 Summary

AN

B

.The architecture of the l;ého¥hore 5ase of a bryo-

- =oan 1s' described.for the first time-at the ultraqéructural
level, New inrérmation ariging from this study is as‘follows. )
a. The epithelial cells at the tentacle base and around the

‘ mouth-are blastemic in nature, probably se;ving to replace

cells 1;st from buccal epithelium or damagedotentacles.
bs There are ¢;1iated pits of unknown function in ;he crotch

between every pair of tentaéles. ) . g
. €e A new set of muscles is described, These are the basal
. transverse muscles of the tentacles, each comprising a
" single cell containiﬁg short myofibrils jof both thick and

2

thin filaments, ) o
d. Thitk parauyosin—iike filaments up to 75 nm diam occur ﬂé .
basal transversc tentacle mu;cle and paﬁietal muscle,
e. The discovery of large dense vesicles up to 270 nm diam in
b large dorsal cells of the zanglion indicates the occurrence
4 of éep?osecret;on in bryozoans. "
»

§
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( ) ..
~”‘“—T‘—*“*"“‘*““—"“in*aﬂﬁitibn;*nany“uther“featurcs’which*were only —
) partly known from earlier 1ight microscopical studies are
clarified, c.g. z © @ .
! . A, Horphologicpl Arrangements are suc; thai little or no
fluid movement’could occur hetueen tentacles and the ring
coelom while ithe lophophore is evaginatcd, but upon 1&&33-
ination mesoc elic fluid would be forced into the metacoel, -
b.\The lophophore etractor muscle is shown to be smooth. In-°
dtvidua} cells may attain 910/um in length ‘and they contain
; only a single fibril in contrast to the two that Brien de-
fgcted by light microsco;;rin phylactolaematés. p -
c. The ccircular muscle of the mouth is shown to®be striated,
whereas the opposing buccal dilator'muscle is Smoéih. Fil-

ament dimensions of all muscles aré given for the first time.

/ o
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SECTION 3 THE ULTRASTRUCTURE OF THE ALIMENTARY TRXCT

- ]

3.1 Introduction ) R

. Bryozoa have a ﬂhshapddndigestiYg tract, a fea—
ture found in sedéntary aﬁimals other thaﬁ’JOphophorates e,
entoprocts; sipunculoids, ptero?g&nchs and ascidians, groups
which at one time or anothéf have been compared structurally
wi{; lophophorates, Witﬂ the exception of sipunculoids these
groups are ciliary suspension feeders which éhare a number of

features in their gut morphology (horton, 1960), These feature

are related to the common needs 1nvolved ih the transport and

o

digestion of small particles, joint functions that are also

found in the moalluscan digest%Ve gland, Morton's obsarvétion
that bryozoan stomach cells greatly resemhle the absorptive—-
digestive cells of molluscan dipgestive glands is one that can
be quqfiﬁigd“ultrastrucyﬁrally in this study, now that there

are a number. of recent publications on the fine-structure of

——t

molluscs, © .
Anatomical studies (Calvet, 1900; Ries, 1936; Braem,

?

1940; Bobin & Prenant, 1952; Brien, 1960) have shown that the
bryozoan éut is uniformly one cell thick, though differenti-'
7 - ' i

ated throughout its length (Silén, 1944). Form and function

of the var%?us regions have been falrly Hell characterized

although opinions have varied as to the number of cell types .

found in the stomach (Calvet, 1900; Silbermann, 1906; Rey,

1927; Bronstein, 1939).
Intraceiiplar digestion is known to take place in the

stomach but the @hnner in which food is incorporated into the

o

. 5 '
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cells\is .not known nor is it very\clear what is the rela-
tion;hi ﬂetweén absorption and th;\occurrence of orange-~
brown lnclusinns in the stomach wall(\ln addition, then, to
charaeteris;ng general structnre and function from pharynx
to rectum, at the ultrustructurpl‘lgvel, 1t is the aim of

this section to cohsider spéciff%ally the poi 8 mentioned
above, eSpecially the nature and origin of the orange*brown

1nc1u51ons that accumulate and which are Qelleved to comtrib-

’

ute to polypide regression. ' -

3.2 Hatefials and methods . e, .
(As for section 1 except for light microscopy).

o

Higtochemistry'aﬁd fluorescence microscopy: Stains were used
on whole mounts and paraffin,;nd epon sections, Interpreta- ’
tion of electron micrographs was aided by l/um thick epon sec~
tions stained for light mlcroscopy in toluidine blue accord-
gng to the method of Trump et al (1961). Characterization of
the orange-brown incluéinns in theé stomach wall was carried
out through vitai gtgining of iive whole mounts with brilliant
cresyl blue and Nile blue Q&lphate, and staining of paraffin
sections of Bouin~fixed material with Nile blue s&lphate. Fur-
ther characterizatiod was carried out on a Yeiss Large Fluor-
escence"Microscope on live stained (acridine orange) and un- .
stazned polypides using exciter filter UG 5/3 which transmits
almast exclusively UV light. Photographs were taken thh Kod~ .
achrome X (64 AS{)/aa it is more resistant to reciprocity fai-
tlaire (Pearse, 19 3:1263), Some stained sections were photo—
g;apned_on a Zeiss Photomicroscope IX enﬁioying Nomorski In—

terference microscopy and Panatomic X film.,

24
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| 3.3 General morphpology

& -

’ The gross morphology of t?e pryozoag gut was the
the terminology of the variou§ regigns. Broadly speaking,
these regions are as follows in Cryptosula (figs 1-4).\?mmed*
iately below the mouth is a.muscular unciliated phanﬁﬁx’(oe~
sophagus - according to Silén), This is separated by a valvwear
constriction from the next section, & lang tube leading to
the stomach, and designated the cardié by bilen. The stomach
proper is a bipartite 5ac, the lower half of which is called
the ‘caecum, The upper half tapers into a domo—;haped pylorus

which connects by a sphincfer to the remaining section, the

rectum, terminatiﬁg at the anus onithb tentacle sheath., Lac~

‘onrt (1949), ' apparently unaware of Silén's (1944) paper, -pro-

e

pos€i3a termlnology that, on the basis of hls 111ustrat10ns,
i8 less concise than $ilén's and involves new names for parts

of the gut that are better known by more familiar ones e.g.

ventriculus for ceniral stomach, fundus véntriculi for caecum

etc, $ubsequent authors and reviewers have adhered to Silén's
terminology which will be used in this thesis, and commented
on where appropriate. The various sections éf the alimentary
tract of Cryptosula will be descrihed systematically in~the-

-~

following account. .

3.4 Pharynx .
The cheilostome pharynx is a vacuolated myoepithe-

lium. It has heen adéquately described by Bullivant & Bils,

(19568) and Matricon (1973). Theiphnrynx of Cryptosula does not

o
h .
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"subject of a study by Silén (1944) who attempted to Stabilize
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- Figure 1, -Evaginated iophophores in a feeding position.

~ . Through the .t‘!u.n wall of the tentacle sheath can

. be seen the pharynx (p) and cardiac stomach (c).

Lophophore retractor muscle is marked by a small

-

4

Figure 2, Dofsal"v{éw of:invqginatcd polyp%dds showing the

dlspokltion of the allmentarzptraét - tenfaclesa

=r

8

" 'here obscured by the overlying cordia,

i

), card1a (C), ‘central stomaeﬁJ(Cb), caecum

- (CE), pylorus (¥) and”?ectum ®). Tﬁ%‘pharvn\ is

a

-

-
~

- arrow, the pae1t1an of the anus by a larger arrowe

3

Figure 3. An evaginated polyplde showing the peristaltic act=—

ion of tﬁe pharynx (arrow); (s

A1l x 55 (scale 1 mm).
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“# " Figure 4. Diagrammatic -

) . representation of

' @a]jgntury ‘tract.
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differ except in a few minor poirts. The sarcomeres in Cryp-
tosula are 2*3/un longg In the smaller pﬂirynx of Zoobotryon'
they are only 1-2 um (Bullivant & Bils, 1968). Surrounding

. the pharynx in Cryptosula is a thin basal lamina 'inm which the

cgllagen fibrils. are aligned In two layers at rigﬁf angles to
each other as in the tentacles. Outside the lamina is' a sheet
of circular muscle, serially continuous with tye circular mus—
cle Bf‘;he mouth, No longituwdinal muscle was §§en. Each sarco-
mere of this striated muscle is 3.5-5.0 um long and there ‘are
fifteen sarcomeres per cell, At many of the Z 2?nds is an in-,
dentation of thé cell:gsurface, presumably for the pa§sage of

o 1 ~

ions,

3.5 Stomach -
o J,
According to Silén (1944) the next part of the gut,
a long tube leading fom the pharynx to the central siomach in

’gr tosula, is better designated cardia rather than oesophagus.

His view is acceptable as this section is histologically re-
iated to the rest of the stomach and is separated from the
pharynx by.one of the t;o ma}or sphincters in the alimentary
tract (excluding the méuth and anus). The stomach, then, is
tripartite (cardia, stomach sac and pylorus)'oq huadripnrtiie !
if we caonsider the stomoch sac to be divided intorth; upper

central stomach and lower caecum, : ¥

- 3.51 Cardia -

A

The cardiac stomach (figs 5-7) of Cryptosula com—
/ -
prises columnar cells 12—15,u- tall from bhase to apex {(q.v.

also fig 32). The cell surface is a brush border of slender
\ - .

,
. { :
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Figures 5-7. Cardiac stomach: Tangential and oblique trans—-
3 verse sections bf;cardi?p_cells.mlh figure 5, which
is a tangential view near cell apicegmillustrating
a digestive vac;ole"(vI with many sm;ller vacuolés
v in adjacent cells, Myelin figures (m) are not un-
common, as well as ccup~-shaped mitocﬁ;ndéia (arrows).
A cell base is shown in figure 6, bounded #y a thin
basal lamina outside of which is a muscle fibril. In
figure % the Golgi boéy is budding off vesicles with
dense peripheries“(big a#iow) althouzh in places
. vesicles with derser contents arc seen (small arrows).
5. X 17,200 (scale 1/um) ) *
6. x 17,200 (scale 1/6%)

0 7. x 33,300 (scale 0.5/um). - °
™~
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microvilli c. 3/un long. Cilia occur but are rare. They have

a short rootlet with a basal centriolé. Cells’ are united near ’
their apices by gap junctions. Betwcen the microvillar shafts .
anﬁ occupying the cardia; Jumen is a fairly dense homogeneous

mass of fine fihrou; material pf'extrinsic origin which occu- »

piés canaliculi and vesicles at the cell apéx. ﬂ
] Judging from the amount of RER and the well developed
Golgi bodies secretion is of some importance, Golgi bodies
give rise to vesicles 50~75 nm diam containing a rather dense
secretion (fig 7). At the perimeter of the Golgi field the

vesicles are mostly 75 nm diam whereas those closer to the

N
saccules are 50 nm and the forwmer have a dense halo with a . .
clear core, Varying with the age of the polypide, the cardiaci “ﬂ
cells may also contain sccqndary lykosome; which tend to aczg
cumulate in the distal half“of each cell, and small myelin/>

)figures which areuoften found in the basal half. Sécondary
lysosomes occur early in the life of the polypide, soon after
feeding, as they do eclsewhere in the sfemacﬁ, and c;ntain
dense granules, clear areas and occasional membranous elements, |
The lysosomes appear as orange~brown inclgsidhs in life, ch
stain intensely with brilliant cresyl blue applied in viv:'fj
This reaction occurs throd&hout the whole stomach-region.

Brilliant cresyl hlug is said to be a lysosome marker indica-
ting acid phosphatase at the stn%ning sites (Gahan, 1967) al-
though‘this'claim is disputed (Michaeél Locke, in litt. 1973).

The pharyngeocardiac junction is marked by & valve of .

cardiac cells, which prevents backflow of ingested material as

. N
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the pharynx dilates, The basal lamina of the cardia is not
as structurally organized as that of the pharynx, Circular
muscle {g/né/longgé\gxsheet of adjhcent bands and there are

noﬁ_longitudinal strands of muscle,” These two features (the

-

«,///iinina and the muscle) are reiated to the different activities

of the pharynx and the cardia, The pharynx is continuously ac—'
tive and exhibits peristalsis; The cardia, on the other hand,
shows slow dilation and contraction, in conjunction with the

y ¢

rest of theMgtomach.

3.52 Central stomach and caecum .
Two strongly cilisdted areas occur in the stpmach.

One of-these is the pyloyus, the .other is the fl?Qf of the

cardia at the point where it enters the caecum,. By
¥

any material from the cardia enters the caecum directly. The

tral stomach, accomodates a rotating cdrd of food material p

 jecting from the pylorus, about whiéh more will be said later.

The cells of the central stomach are similar to those
of the cardia but are° more ciliated, Thf caecum is the site in
the digestive traci long known to be p;imarily responsible for
intracellular digestion, and is better developed for this pur-
pﬁ:;/than Khe rest of the stomach. There is no real differen-

tidtion of 'cell types in the stomach although there is a grad-

*

ient in the degree to which cytoplasmic systems aré‘developed,A

correlated with a change from increasing ingestive and secre-
tory capacity towards the caecum, In addition, there are fewer
cilia and more microvilli towards the caecum and vice versa ’)

in the opposite direction,

[






Figure 8, Stomach.guec;mi The apex of a cell adjacent to
that ££ figurg 9, shéﬁing digestive vacuoles and
*  extensive canalization. Notice the fine coating
on the cytoplasmic side of the endocytotjic invag-
inations. There ar: a few cilia (arrows). x 18,500
(scale 1,um). ‘,ﬁ
Figure 9, Stomach caecum: A siﬁgle caecal cell and the apex
of the adjacent cell secn in fimure 8, -.onation of
cytoplasmic activity is very pliin, Endocytotic
invaginationé ;nd heterophagosomes occupy the top
third, mitochondria, RER and Golwi hodics the cen—
ier and the nucleus anq morg/REa the basal third,

(S

‘ X 6350 (scale zlqm).
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Figure 10, Stomach caccum: Large dizestive vacuoles show-

L

ing skeletal fracments of food organisms, .

r

x 33,800 (scale 0.5 ,m). - .

N

g
Figure 11, Stomach caecum: A Jolgi body which produces large

&

secrétion droslets {arrows). x 33,800 (scale

O.S/um). _— ' v
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Caecal cells are tall and: columnar (fig 9) rlattening
upon di)ation of gﬂé caecum. The apical half of the cell is
concerned with secretion and absorption and contains Golslég
bodies and digestiéé éqd en&ocytotic vacuoles. The cell apex
is complexly canalized and vesiculated, thé vesicles becoming
larger hy fusion deeper in the cell (figs-8, 9, iﬂ).vThey are

Yined on their internal fuce by a fine coating of the matrix

“material occurring between the microvilli, and on the cyto-

plasmic face by a fuzzy coat. During ingestion of particulate

.material (fig 25), including whole diatoms if they are suffic-

iently small, cell apices do not fuse into a syncytium, as re-
ported for Zoohotryon by Ries (1936).

‘There are twog fypes gf Goléi body, which have not been
seen to occur in the same cell. Une type is responsible for

the production of macrovesicles of zymogen-like material (figs

/
11. 12, 13) which appears to leave the cell (fig 12), as well

as smaller vesicles 50~75 nm diam with a fuzzy membrané and

clear center, This Golgi body occurs throughout the stomach.

A gecond type of Golgi bpdy, saucer or cup-shaped, produces

tyo fizes of vesicles as well (figs i14—~17). Macrovesicles are
budded from any point on the Gelgi body - periphery, convex, -
or concave face, and contain fibrous clements. In addition,
small coated vesicles 60~100 nm diam are customarily budded
from the periphery, These sometimes appear in chain-like form
(fig 15) although this may be due to irregularlties ip the
surface of the cisterns. The ;urpose of the segii vesicles is
not known, The contents of the macrovesicles are deposited

: #
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Figures 13—13.'Golgi hodies of the stomach caecu; and’
central st mach: Product:on of sccretion drop-
lets, one of xhich scems to be ledving a cell
(arrow, fimg 12), . ot »
12, x 35,000 (sgéle ﬁ.ﬁ/nm)

13. x 29,600 (scale 043 jum) : -

v

Fizures 14~17, Golgi bodies of the npper stomach caecum

e <

) ~-and ecentral stomach: These Golgi bodies produce
. : vesicles of two distinct types = small coated,

« vesicles and macrovesicles céntginfng fabrous
elements, In figﬁre 14 (arrow) and fisure 13

the small vesicles appear to occur in chain~like
formntlon or the sections have captured snr{ace
budding from the cisterns,

14. x 32,500 (scale O.S/um)

15. x 121,000 s(seale 100 nm)

16, x 34,400 (scale O‘S/um) '

17. x 34,400 (scale O.o/um).
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intercellularly somehow, and.were hot seen to be secreted ,o
at the cell apex, This second type of Golgi body occurs .

nostly in the cen;raI\atomach and upper caecum,. The produc-

tion of vesicles‘of two sizes is aﬁkommon feature of G;Igi

hodieh (Dalton, 1961), Less well-known is whether a Golgl

budy can produce more than one klnd of secret1on. It is ap~

parcat Trom the vesicle contents that two kinds of qu“¥5

ion are produced from the second of the two types of Golgi

body just descrilied, and recently Ovtracht & Thiéry (1973) ‘ \

hﬁve conf}rmed that Golgi bodies are indeed Eapayletof this.

Beyond‘thq caecum in the central stomach c%iia occur

somewhat more fiequently and the cell apex is somewhat less

Eicravillons, otherwise the’cells are like those of the cae-

o,

‘cum and possess the same kinds of Golgi bodies. Stomach cells
are united by occasional septate deqmosomes and more commnnly
gap Junctions.-The stomach is provided with a thin basal lami-
na overlain with ian&s of circulari@uscle wiih'thig longitu-
dinal strands. kt'interﬁals where these cross they are seen

to be derived from the samélcell (fig 18), A single layer of

Perjtoﬂeal cells lies outside the muscle over the whole stom—

ach. This is a diffuse covering which tends to slough off dur-

ing specimen preparation. - :

3.53 Pylorus-
The.p;lonie cells share the same igytoplasmic fea-
tures as other cells of the stomach but are densely ciliated
and lack the large secondary lysosomes‘(fig 19). The pylorus’

is a dome—shaped structure and its prime function seems to be
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Migure 18: Stomach caecum showing basal parts of cells

a and an underlying musdie strand. Rote the“small
hyelin figures (smail arrows) and numerons small
) digestive vacuoles. Note ;lso the oppesing fila=
meqk arrays in the muscle cell (1argé arrows).
(Peritoneal cells have sloughed off during spec-

imen preparation., x 15,800 (scale 3/um).
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Figure 19. Pyloric stomach: Cell apices 34; densely cili-
ated with swall nicrovillii occdrring between
the cilia. Rootlets are typicaily much longer
than they appear in this micrograph. Endoeplas—
mic cisternae are absent from the actual apex

- . of the cell, Golri bhodies are of the kind that |
produce vesicles of howmozeneous content rather

t than a fibrous material. x 35,900 (scale O.SIum).

-

Figure 20, I'yloric stomach: A phase contraggt micrograph of
a live anigg; in optical section, The pyloric
sphinctey?ig marked by arrows® At left are the
vacuolated cells of the pharynx (p). Uhffiing

- around in the pylorus is the ergatﬁla (e). .

x 860 (scale 10/um).*u¢
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Figure 21 Pyloric stomach: Bacterial cells in the ergatula.
. X 35,400,

<

Figure 22,

Figurg 23,

&

-

Autofluorescence of granules incthe“stomach and

rectal cel)s. The grecnish-yellow fluorescence

is of the orange-hrown inclusions, Note the red
fluorescencg‘of the cilia}ed fraé;s of the ceé— ‘ —~
tral stomach and pylorus and the orange fluores-

cence of the rectum. The bright ;ed objects in

the rectum are ciatoms. x 265 (scale 0.1 nm),

- °

Central stomach: Cne of the granules which con-
3

tributes to sutofluorescence, Membranous elew~

ents are of frequent occurrence in the orange—

brown inclusions. x 34,400 (scale 1/um).
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-qu.gure 24." Rectum: 4 sj,nit'le rectal cell. These cells are
small, hence the nucleus appears relatively
largé. The brush hoi\'der apd endocytotic tubules

“are characteristic, There is some co;wolution
of lateral membranes hetween cells, Note the
small muscle fibril at bottow (arrow). x 24,800

(scale 1/““3) . PR , £

3 [}



70
) R

to condense food material and skeletal fragments rejected -
from the caecum into a compact structure before passing it
on to the-rectum. The beating cilia cause the mass of par—
ticles, bacteria (fig 21) and fragments (collectively term-
ed an ergatula by ﬁorton,’isﬁo) to revolve with its free end

projecting into the central stomach (fig 20),

- 3.54 Urange-brown inclusions g
A conspicuvous feature of the stomach excluding
the ciliated tracts is the relatively large inclusion bodies \
{secondary lysosomes and residual bodies) which appear in
the light microscope as oranEe-brown gréhulés and giYe the
stomach 'its distinctive brownish colour (fig 2). They are a
well~known feature of hryozoans but are lacking in ‘newly-
formed polypides. They cause a gradual da::kening of the sto~
mach wall\dur‘ingz)the life of the polypide. Théy staig; ‘in
Cryptosula intensely with brilliant cresyl blue and ’;Iile blue
. sulphate and exhibit a yeXllowish-green autofluorescence (fig
' 22) when excited by UV light, suggesting tht the granules ,
are lipofuscin. Koenig (196?) found that AcPase-contaihing
granules flﬁoresce when irradiated with UV light but it is
not clear whether fluorescence 1; agssociated with the mem-
brane or content of the lysosome (Gahan, 1967).

In stomachs of older individuals the granules are n%re
nu-eroug aqd’generally larger, They are derived from ingested
food -atergai‘and grow by addition of smaller vesicles, but’
the membranous elements within them (fig 23) are somewhat puz~-

zling. Either they are elaborated Ifrom the ingested food or

L3
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derived from antophagy of cell orfanelles éuring their nor—-
mal turn-over, or from Golgi vesicles which carry digestive
enzymes to these sites. It seems most likely that the mem-
branes are derived from the cell itself. Other inclusions
are amorphous naterikldghd osmiophilie droplets.'ﬁlear spa—
ces -;y hé due to the leachingaout of some compounds like

lipids during dehydration prior to specimen embedment,

s " 3.6 Rectum .
The rectum is a. short but distinctive thin-walled
structure separated from the rest of the gut by the‘pylotic
sphincter. Depending on the state of tension of the envelop-
ing muscle bands during beristalsis it can taper for some
distance towards the apus, but it hormally appears as a short
swollen sac congaining the condensed bumdle bf materinl pas-
sed on from the pylorus. The most notable featuré of rectal
cells }18 a brush border of microvilli (figs 24, 25) up to
nz.sluu long, below which is an extensive sysgeﬂ,of endocyto-
tic channels. These channels fuse into inclusion bodies re-
sembling digestive vacuoles in the caéﬁum. A feature of some

of the inclusions is their paracrystalline contents (figs 26,
27). At the leével of light microscopy differences in the nat=-

_uré of the inclusions of the rectum and caecum are quite ap-

3

parent, The orange—~brown inclusions in the caecal cells are
not seen in the rectal cells, and in UV light the caecal in-
clusions fluoresce yellowish-green whereas rectal 1nc1n§ions

a

fluoresce an orange-yellow colour (fig 22).

*

.. RER fjsnot well~developed and Golgi bodies are not as
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" prominent as in stomach cells, indicating less secretion

by rectal cells, Conpaged to the stomach, laterai cell mem—
branes are much more complexly folded, resembling the con-

dition in ahsorptive cells of the insect midgut (Berridge & n
Oscﬂman, 1972). Some septate desmosomes unite adjacent cells.
Nearer th 'énus the mié}ovilli become shorter and fewer in '
numbher and the surface hecomes covered with a fine fibrous -
material ‘such as occurs on the surface of the cuticle where

the anus opens onto the tentacle shecath (fig 28).

3.7 Innervation of the alimentary tract - .
The nerve supply to the gut is not extensive,

One major nerve descends the dorsal side of the pharynx with
a minor nerve either side which may have split from it (fig . .
29). In Electra pilosa lLutaud (1969) pictures three nerves
descending thé pharynx. In Cryptosula there are a number of
vesicle types, comprising small clear vesicles 40~-80 nm diam,
,sﬁall dense vesicles 50-80 nm diam, large clear vesicles 115-
150 nm diam and large'cgred vesicles 100~160 nm diam, These
nerves }nnervate %he myoepithelia; cells of the pharynx and
'/of the circular muscles. No myoneural Jjunctions\ were seen
_ but sé;e of the pharyngeal cells éontained small cored vesi-
cles. i

Other nerve branches were encountered in sections of
the stomach rectum and anus, Two types of nerve ending were ’
found, In figure 30 an actual synapse is not seen although
the nerve is in close apposition to a muscle fibril (of a
cardiac cell), The small vesicles have the appearance of sy-

naptic vesicles,
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Figure 25,

&
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Rectum: Microvilli and endocytotic canals,

-

x 30,700 (scale O.S/um).

Figures 26-=27, Rectum: taracrystalline formations in rec-—

=

tal cells.
26. x 97,000 (scale 100 nm)
27. x 201,000° (scale 100 nm).

14

N
Figure 28, Rectum: Interference microsraph of a paraffin .

S

P

A

.

gection of the rectum opening onto the tcntaclé
sheath, Note the diatoms in the mdain part of the
rectum (d) and the longitudinal muscle fibrilé

iarrows). At left tentacles (t) are seen within

the tentacle sheath (s). x 820 (scale 20/um). gt
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Figure 29. Pharynzeal nerves: Comprising onc major nerve

Figure 3Q. N}nneural junction: Gf a myofibril around a

a

i

at 'e', x 35,500 (scale 1/nm)- .

.and -adjacent minor branches. Thesc nerves {seen

here in a transverse section of part of the ]
phnryhx; are situated at the bnse of a pharyn~
geal cell, Part of the striated cir;nlar nuscle
sheet i; seen outside the thin basal lamina.

24,200 (scale 1/um).

°

3

cardiac cell, A definitive synapse is not appar-

ent, The small vesicles have the mafbhologlcal

Il

appearance of clear synaptic vesicles, Basal¥ Lam~

1na‘occurs at left of the fibril. 'x 40,000 : )

¥

(scale O.J/um)

%igure 31. Neurosecrctory~like terminals on ciliated cells

© L3

of i1ho stonach, Two vesicle s1zes only are appar-
ent. ense vesicles occur in hoth the stomach cells
(arrgws) and terminals, Appnrent exocytosis of a

dense vesicle (sce text for explanation) is shown
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. The second type of nerve ending occurs at ciliated

areas of the stomach from nerves running under the basal

lamina, The endings contain only two types ofJQesicle -
large densg-cored neuroééeretory-type vesicles 100-160 nm _
diam and smal}\clear vesicles 50 nm diam (fig 31). Termin-
als of tﬁls kind.?ontaining two such vesicle sizes areatypi-
callof neurosecretory terminals and have been investigated '
by .a number of workers, notably Smith (1970), Magasawa et al:
(1970), and Douglas et al. (19%1). These workers have demon— :

s

strated exocytosis of the large vesicles and the micropino-

cytotxc origin of: the small vesicles. The large dense ve51c1es

are not known to orlgxnate by endocytosis. Since 1t is nost

£y

uhlikely that a nerve terminal will take' up a dense secretion

)

from a stomach cell (which has not been observed to produce

‘these vesicles) it is certain that endocytosis of th% dense

veéicles from the nerve terminals in Cryptosula takes place

(rig 31). Membrane~bounded dense vesicles identical to those

in the %erminals occur in the adjacent stomach cells, Assuming,
-

+

then, exocytosis from the terminai;, there ‘must be a mechanism

by which stomach cells captuvre the released secretion.

e

3.8 Discpssion

In historical accounts of the stomach a feature

@

given some prominence is the occurrence of the orange—brown
3/ Y o ld e & Wiy e v e —— L

sinclusions in the wall, It seems that the colour of the sto- ’

mach led earlier workers to suspect a functional similarity
with the digestive or hepatopancreatic organs of other inver-

tebrates, In an early zoological text we read, in a>chapter

1
§

-

\

/
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g
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_about Polypi, rﬂrobn follicles cover. the external wall of the

¢ stomach and seem to rep;esent the liver"” (Van der Hoeven, 18-
56). Joliet (1877) refers to the -hepatﬂ cells' of the sto-
mach and Hincks (1880:21) describes ihe colour of the stomach
as "being due to the presenée of numerous glands on its inner |
or linihg membrane which secretea bréwnftluid, and probably -
discharge the functions of a liver” and on p. 26 “The biljary -
glands pour i; their sccretion and the fdpd takes on its rich’
brown colour”, Farre (1837) also attributed the brown colour
of the stomach to a secretion fggu 'hepatic_follicles'.

On the other hand, Van Beneden (1845) stated that the
colour of the stomach depended on_the nature of -the food in- .,
gested as Bronstein (1539) éﬁd Jehpam°(19éﬁ) observed! and .

Harmer (1931) using methylene blue staining techniques crea- -
ted blue stomachs whose colour faded after a ‘period of starv-
, ation, Rey (1927) suggested that the stgnach»pradu;ed melanin
during -the course of digestion.”nronste n (1919)‘rath;r felt
that incomplete elimination of undxgeQ¢ed ‘material from the
cells in which intracellular digestloﬁ takes place leadsﬂtd\ ’ a
.accumnlation of this material, From EH observatlons of nggtc— ’
sula Bronstein's conclusions would sqem to be correct, In ad-
dition to the accumulation of naterx&i in food vacuoles there
13 probahly the added contribution of autophagy. The uccur*f’
rence of membranous elements ip thezvacuoles indicates a local
origin of these rathgr than their qﬁaboratxon from digested
material, - o - 7 ‘ '

. Apart from areas of the stomach where brown inclusions

-
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‘ve‘been ohserved to be either present or absent, i; has
general )een regarded that there are two cell iypes; éne
bnlophiisggo »
vet, 1900; Silbermwmann, 1906; Rey, 1927; Soule, 1954; Brien,
1960), in stenolaemates (Borg, 1926), in phylactolaemates
(Mliller, 1914; Backer,‘i938). Bufophilic célls were said to

y the other acidophilic - in gymnolaemates (Cal-

be glandular and secretory, and acidophilic cells vacuolated

and absofptive with inclusions, Calvet (1900:224) did, how—

ever, observe that cell -boundaries were dlfflcult to distin— \¢'

guish and that the glandular cells were not all of the same
height or stainability, commenting that the degree of uptake
of the stain depended on the degree of vesiculation of the
cell, Bronstein (1939), commenting-on Rg; 's (1927) and Borg's
(1926) o?servations, statcd that the differences were not
clear-cut. Basophilic cglls we:z[common in newly'EQZiing'pol~
ggidbs but disappearéd as the lypide became older, and that
as there were gradations, between the two cell types, the baso-
philic cells changed in their stainability, The stainability
of stomach cells depends heavily on methods of fixation, In my
experience fixation of even adjacent)ceils can bé vastly dif-
ferent, :leaving one intact and a neighbour with some precipi-
tation of cytoplasm (fig 32) when using even the relatively
critical nq}hods of fixation employed for electron microscopy.
Thick sections of EM-prepared material sta%ned in toluidine
blue for light microscopy give identical results, causing the
cells with dense éytoplasn to appear more basophili; than
their poorl; preserved néighhours. Older methods of fixation
are likely to enhance artifacts of ‘this kind giving the appear-
ance of cells uithvdirté}ent Qtaining chgracteriatics@ Also, .

r
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Fig#re 32, Cardiac stomach showing the unequal effects of
fixation, Two cells appear ‘normal’, the‘others

" are empty-looking and’some vesicles shoJ;rup-

\. tured membranes, Cilia are few (arrows). feri-
toneal cells have slourhed off from the outside
during specimen preparation., (r = retractor mus—

cle). x 6900 (scale s/um). .

o
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the number and size ofvinelusions in the stomach wall, while
intracellular digestioh is occurringi will cause variati&ns
iﬂ ataining characteristics. There are no micus—-secreting
cells. in the alimentary tract of Cryptosula. Although two
types of Golgi body occur in different cells these are not
detectable by light microscopy. ? T
bigestion in bryozoans is recognized to be both extra~
cellular and intracellular, with the caecum being the primary
site of digestion (Calyet, 1900; Brogstein, 1939; Silén, 1944y
Brien, 1960)., Intracellular digestion is common in a number T
of fnvertebraies and structural similarities in the cells of
different types should bhe expected, Inpfact, similarities be’.n
tween Cryptosula stomach cells, especially those of the cae-
, cum and- other non-ciliated areas, and molluscap digestive, .
cells are striking,_in the dipgestive gland of the freshwater
pulmonate Biomphalaria digestiv§ cells exhibit the following
iy

Sféa qges. The basal region of the cell contains the nucleus

“and RER; the cell apex’is microvillous with extensive endocy-~

wd

tosis;” in older cells abhsorptive vacuoles contain yellowish~
brown incluisions (secondary Iysogomeg and residual bodies) and

’

these vacudles respond positively in staining reactions for
acid phosphatage and lipofuscin (Meuleman, 1972). Neulcm;n's
identificati;n of the yellowish~brown inclusions as lipofus~ ¢
cin complements results for Cryptosula using Nile blue sul~
phate, brilliant cresyljhlue and fluorescence microscopy
(autofluorescen;a and acridine orange), Nile blue §h1phate

has bee; used to locate "lipofuscin (Ortoldni & Patricolo, 19~
72). Brilliant crésfl hlue is a lysosome parker (Mulnard, 19~

61) and lysosome autofluorescence and orange fluorescence af-




ter acridine staining is attributed to 11pofusc1n {Allison ‘
& Young, 1969; Koenig, 1963; Heglicki et al, 1968). Further—~
more, lipofuscin is viewed as originating iy'the manner of
residual bodies {Daems et al, 1969).

A Iurther sinllarlty between Cryptosula and other in-
vertebrates is seen in the Golgi secret1ons. The Golgi body
which produces macrove51c1és containing fibrous materghl
(and small vesicles from the per:phery of the saccules), is
found also in digestive gland eells of the bivalves Cardium
anﬂ Nucula (Owen, 1970, 1973). Apart from these I am aware
of the occurrence of this type‘ of Golgi secretion in only
two other organisms viz. the chelicerate Limulus in the hep—
atopancreds (Herman & Preus, 1972), and possibly in ihe diges—
tive gland of the opisthobranch Trinchesia (Schmekel & Wechs—
ler, 1968:fig 8)1 Owen fo;nd this type of Golgi secretion (i.e.
with fibrous eleménts) to be a characteristic feature of all
bivalve digestive glands that he has studied, but he was not
able to ascribe a function to it. In Cardium two typeé of ves—
icle are also produced from this Golgi body. Herman & Preus
suspect that the macrovesicles in Limulus may be primary lyso-
somes bhut nelther they nor Gwen obsgrved rﬁsioq of the vesi~
cles with food vacudles and in Nucula they were found to be
AcPage ne;ative (Owen, 1973). In Cryptosula the contents of the
macrovesicles are iiherated from the cell (how tﬁis is achieved
was not observed) to lie intercellularly in the peritoneum and
funiculus (mesenchyme) around the caecum. Rarely these inter--
cellular deposits have been seen in the lophophore hase and '

teptacle epithelium, although a Golgi hody to produce them was

I
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‘not'seen. The small vesicles of this Golgi body were charac-
terized by a fuzzy coa;ing. Such bristle~coateéed vesicles are
usually associated with micropinocytosis at the plasma mem-
brane, but they are also known from Golgi bodies and their
function is-not altogether clear (Beams & Kessel, 1968:227),
Heulc-ﬁf (1972) has observed in Biomphalaria, animals

fed cormine-stained food acquire red residnal bodies 24 ho;rs
1‘€w§v a situutiﬁn comjjarable to that obsecrved by earlier- wor-
kers on bryozoans (e.g. Harmer, 1931), Hler conclu81ons about

* the absorptive capacity in this mollusc are particularly rel-
evant to Cryptosula as the processes appear to be completely
identical, Vesicles formed from the cell apex are heteropﬁago-
somes (after De Duve's & Wattiaux' lysosome theory, 1966). "By
fusion of heterophazosomes with others and with primary lyso~ -
So-es, secondary lysosomes are formed”, "When digestion is fin-
ished the secondary lysoso-es devélop into residual bodies ....
th&se ggsidual bodies fuse to form the gradually enlarging

yellow granules” (Meuleman, 1972:398). In Biomphalaria the

whole cell containing the residual bodies is €thought to be re-
leased into the lumen of the digestive gland. Unfortunately, .,
Meuleman was unable to determine the life span of a digestive ,
cell hut as these features occur in Cryptosula, this may shed
light on the lonmev1ty of these cells in molluscs. ’
In Crzntosula a polypide survives for a period‘of 15-72

'days,durins which time accumulation of residual hodies in the ]
atomach cells in the stomach cells reaches a point beyond which
no more digestion ca? take plaée 6;psunabkﬁ"and the whole poly-

pide regresses, There appears to be no cell replacement in the
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stomach of Cryptosula as in uxomphalarla digestive gland, as

no witoses were observed. s ] -

* The yellowish inclusions in certain cell% of starved
Limulus hepatopancreas (Herman & Preus, 1972) seem to be'édﬁ-

parable to the orange—brown granules of Crypftosula and the

yellowish=brown granules of Biomphalarla. Resorptlve cells of

crayfish hepatopancreas have been ohserved to accumulate re-
aidual ‘material also (Loizzi, 1971). Atkins (1933) observed
the accumulation of yellowish spheruleés and small gramules in
rectal cells of Loxosomé‘(Entoprocia) whose vacuoles took up -
neutral red (a Iysosome marker (Hulnard,‘isﬁd; Byrne, 1964)),
While Hincks (1880) was wmistaken in assuming the brown colour
of the stomgch to he due to a 'hilious hrown flqid', it seems
that he, Farre {1837), Van der llocven (1856) and Joliet (1877)
were not far“aifray in ascribing a hepatopancreatic“thnction
to'the'hryozoan stomach, something that Morton (1960) also rec~
ognized when he stated that bryozoan stowach cells “resemble
much in appearance the absorptive-digestive cell of the mollusc~—
an digestive“éf;nd. . o

.The pylorus, whlle gosse551ng a minor absorpt;ve func-
tion, is coneerned with creat1ng an eddy in the stomach ‘which
concentrates particles leaving the caccum into a revolving rod.
Silén (19%4) regards compaction Tor defaecation as not the
prime function of the rotation mechanism, but to serve as a

. » -
means of further reducing organic material by enzymic diges-

tion and perhaps also miechanical dissolution. Théthirling'rod
in the bryohoan stomach is known in the Gymnolacmata and Steno~

*lac-ata but not in the Phylactolaemata, which lack a ciliated
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pylorus (Nitsche, 1868; Kraepelin, 1887). Silén realized that

"a whirling rod of food or secreted material occurs in ento~

procts and m;ny molluscs and concluded that its cosmon occur—
rence and tnnetionnl siuilarity nust be related to the nature
of the food 1ngested. ‘which in these t;;es is particnlate.
Morton (1960) discusses this relationship at length in
a number of ciliary feeders whichlhave the coumon problem of
transport and.digestio&rzz\ﬁmatl particles, In many of’these
groups, peristalsis, assumed to be inefficient at moving small
particles, is reduced, but a secgiquor the gut is designed to
rotate its contents, generally mixed with mucus, the effect of
which is transmitted anteriorly, such that particles are grad-
ually wound’in on a mucus cord at a controlled ;peed. This theme
is varigusly modified in different -animal groups, but where.it
ocenr; all possess the one ¢ommon feature, whirling material in
some part of the gut, termed.hﬁ ergatula by Hortoﬁ, an§ found .
in many archneogastropod% mesogastropods, tlufcosomes and bi-
valves (a8 a crystalline style or protostyle), entoprocts, all
lophophorates, hemichordates, tunicates, cephalochoédates (Mor-
éﬁn, 1960) and Rhabdopleura (Stebbing, 1972). Thﬁt the effect
of the whirling cord is felt anteriorly in Cryptosula is doubt~
ful, however. Therc is no mucus secretion which would assi;t
this, and food leaving the cardia passes rapidly into tﬁe cae—
cum rather than becoming caught up in the motion of the ergatula,
Une‘furtger feature noticed by Silén (1944) is vorth men—
tioning, In very yq’hgmpdlypidesEorwﬂenbrangpora»nenbranaceg

that had barely begun to fced he saw in the pylorﬁs a glisten—
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Yigure 33. Edge of a colomy of Cryptesula psllasiama., Im the recta
of thr;c young polypides which have not yet evaginated,

) a translucent meconimm (arrows) is seen.

-
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ing brown rod that appeared to be composed of some kind of\
secretion, It was later moved into the recfum and in older
1nd1vidualx it was never seen. In t/gta of polvpides of
Crxntusula vhich had*ywt yet fed I saw a semitransparent
structure apparently comparable to that observed by Silén
(ti;,ss). After the first defaecation of the polyplde this
object is no longer seen, It is believed to’ he meconium (llar-
mer, 1891). .
The rectum ;n°Crxntosula appears to be primarily ab-

sorptive in function with assocxated intracellular dlgestion

on a -inor scale.

The muscle fibrils of the stomach, which consfist of
striated circular muscles from which longitudinal fibrils®
branch, are like those of crayfish hepatopancreas (Loizzi,
1972) . llere the diverticnla expand and contract by'simuliaﬂe~
ous contraction of hoéh ci;culat and longitudinaquibrils,
internal fluid pressure heihg agsumed to effect expansion,
Such a mechanisw woﬁld explain Silén's (1941:34) observation
that peristalsis does not octur in the bryozoan stomach and
caecum while dilation and contraction do, In Cryptosula a
rhythmic pumping-like action of the caecum occurs, at rates’
aee-ingly‘dependent on degree of fullness,”counteracted by a
aimilar -otion"of the ‘cardia and central stomnch,'Loizzi*also
observed associated with the hepatopancreas nerve terminals
with neurosecregpry-iike vesicles and suggested that the mus-
cles may be infiuenced by these, 12“Cr tosula, however, pre-

sumed neurosecretory vesicles enter the actual stomach cells,
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. comparable to Phoronis perhaps, where Vand.rmeulen (1970)

=

observed chromaffin-like granules in proventricular and in- -
testinal epithelial<cells. ‘Menléman (1972) likewise observed

presumed neurosecretory terminals near secretory cells of the

digestive gland of -Biowphalaria.
% -
The gut of Cryptosula, a sessile suspension feeder, is

thus seen to be a mosaic of structural and functional features
found in a wide variety. of phyla,

-

3.9 Summary

-

The ultrastructure of the alimentary tract is des~
» . .

cribed for Cryptosula pallasisna. ° ¥

- " It was fbun& that contrary to earlier literature there

is no clear digffnction between cell types in the stomach ,
;hich can he based on staining characteristics the level of
light microscopy. Light and dark—sta?ning cells%igich have. been
previously regarded as acidophilic aed basophilic are almost
certainly the result of differential fixation of adjacent cells.
There are obvious differences in the types of cell apex found
in the caecum and central stomach and the ciliated tracts, but
where these areas merge there is a gradation from one to the
other,.” Two cell typeés can be distinguished on the ﬂasis’of dif-
ferent Golgi secretions but- even here the Golgi bodies are fhc_
sole distinguishing characteristic, ‘

Caecal cell apices do .not fuse into a syncytium. ]nges-w,z
tion is by endocytosis, ’

The orange-brown inclusions arc secondary lysosomés and
regidual bhodies, which respond to.certain stains and UV light
in the manner of lipofuscin. Cells of the central stomach and

caecum containing these inclusions are strikingly similar to
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" digestive gland cells of some molluscs, confirming at the EM
level ﬁorton‘s {1960) statement of this similarity at the le-~
vel .of light microscopy. » to

LThe ruﬁétion of the pylorus appears to be that 6f com~

#aetion of food residue hefore enterihg the rectum, which in

3

turn, seems to be essentially ahsorptive in function.

— Muscle fibrils of the stomach are striated circular
muscles frow which thin longitudinsl fibrils branch, a con-

dition that is elsewherc knéwn in the crayfish/hepatopancrens.

. Neurosecretory-like terminals occur on ciliated cells of

the stomach. )

e
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SECTION 4 POLYPIDE REGRESSION (BROWN BODY FORMATION)

4,1 Introduction
*Ces corps bruns ont bien intrigué les observat-
eurs”., So wrote Joliet in 1877 (p.195) after revievinéathc
opinions of previous‘authors.:The cyelic phenowmenon of pol}-
pide regression and renegal is‘a characteristi¢ feature of
bhryozoans which is to an extent‘paralleled by some other ses~
sile, coloniél yetazoans. Thé products of regression (ome or ’
two ovoid or spherical brown bodies) puzzled many early work- *
ers as regards their nature, beciuse it was not alﬁh&s under-
stood that they were regression products, They were*thought
to he ov; or ovaries (Thompson, 1830; Farre, 1837; Vi \ Bene-
den, 1845), developing ewmbryos (Loven, 1842), the equivalent
of phylactolaemate statoblasts (Allman, 1856; Redfern, 1858),
germ capsules (Siitt, 1863, 1865; Hincks, 1871, 1873) and an
endocystal secretion (Claparede, 13?0). It is amusing that‘

=
free rein was given to such speculation as the origin of brown '’

=

bodies from withered.polypides had already heen recognized by

Ellis in 1755 and Grant in 1827, "Thesec hlack spots are nothing
but the dead polypes,‘or remains of the animals once inhabiting
these cells, Of which 1 had evigent‘proof-in my last jqurﬂey to

the sea-coast, For after.1 had examined this coralline, with

v

its polypes alive in sea water I laid this specimen aside; and

upon examining it again sometime after, I found the lifeless
contracted animals exﬁibited the appearance above-mentioned”.

#

While the latter part of Ellis' explanation is slightly ambig-

uous it is clear that he recognized the true nature of brown

§ ~
AN
\
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bndies, which he illustrated in some gy-nolaeuates (e.g. Men-

[

. ipea ternata,‘gggg_g glunosa) and a stenolaemate (Crisia ebur-

nea). TG
Part of thc¢ subsequent difficulty in recognizing the
true nature of tlie hrown hody was due to the ohgervation of a
‘épolypxde bud often in intimate contact with irw—ﬂincks (1871, . - -
1873), supporting Smitt’s (1863) germ capsule theory, held
that the brown body was not derivéd from the withered polypide
but was a special formation produced at its expense by sudden
condenséfiggﬂég,thefstogach cagcum which became detached.
“body thus ;:;ied served as the\ori;in of & new polypide. ;:::;Lc
{1869, 1871) secms to have becn the first author after Grant
(1827) to have realized that the brown body was derived simply

as a regresasion produet of the withered polypide.

" Next, Ehlers (1876) deschYed histolysis in’Alcyonidiun g
and Repiachof¥'~(18?6) discovered the incorporation of the brown
body into the stomach caecum of _the backwardly growing new pol-

ypide. Hincks (1880) was persuaded of the correctness of Repi-

a

achoff's ibservations after re&ding Joliet's ‘'Histoire! (1877),
which was supported by Waters (1878). For those of this period
and subséquent authors who accepted the polypide origin of the
brown bo@x_oq;nions varied as to its nutritive value to the de-
veléping poi;pfhe. There were those who held that the residue

was useful (Repiachoff, 1876; llincks, 1880; Zschiesche, 1909;
Waters, 1913; Gerwerzhagen, 1913) and those who held it to be
inert (Mitsche, 1869, 1871; Joliet, 1877; Marcus, 1926) alth;ugh
Joliet felt that mesenchyme cells incorporated with the brown '

+
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body into the new gut could be broken down, and Marcus ob- .
served that the incoéporated brown body becamc smaller. Wa-
ters (1913), secing m;senchynal strands between the brown

body and ovicell in a zooid thought the one supported the de- -
velop-ent of the other. N - . )

—_— =

e —— - % - ——

Incorporntion of the brown hoﬂy into the new gut is

known in Cr!ntosula Eallasiana (Repiachofr, 1876), %crngaria
chelata (Joliet, 1877), Larhasea papyrea (Harmef//1891),.Car-

basea carbasea (Gerwerzhagen, 1913), Flustra foliacea and

zhisy

Electra pilosa (Marcus, 1926), Chartella papyracea and Callo-

pora lineata (Rey, 1927), Watersipora cucullata (Mawatari,

1952), and Crassimarpginatella papulifera and Fenestrulina mal-
- v

usii (Gordon, 1968)., It may, however, remain in the cystid as

is said to occur in Bugula peritina- and B. avicularia (llarmer,

1891), -B. simplex and Serupocellaria scfuposa (Calvet, 1900),

Bugula turbinata (RSmer, 1906), Flugtrellidra hispida (Rey, 19-

27), Alcyonidiim gelatinosum (Bohin & IP’renant, 1957) and Vict-

orella argilla (Banta, 1967). Alternatively, the brown,body
was said to be totally destroyed by ngagocytosis (Korshalt &.
Heider, 1912), and Hincks (1880:89) and Prouho (189“-589) saw

it eliminated through the intertentacular organ of sowe sgpecies

3 - »

in the reproductive’ season,

The nature and origin of the brown body hav:ng been es-

tablished, causal factors in its formation and reasons fggmits
/ existené;”were put forth, Brown body formation has been ati;ibﬁ

g uted to unfavourable environmental conditions (lack of oxygen;
low food supply; extremes of temperature, pll and salinity; mech~

' . anical (e.g. sediment) and chemical inhibition of evagination;

¢ >
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detachment of colonies) (Marcus, 19263 Rey; 1927) and repro—-
ductive activity (e.g. oogenesis and embryo maturation) (Cal-
vet, 1900; HLbmer, 190G; Borg, 1947, Mawatari , - 1952; Bobin &

»

o

Prenant,-1957;-Braem, 1957; Chretien, 1958; Matricon, 1963;
" Banta, 1968). Accusulation at res:dual -aterial in’ sto-ach cells

ghaz also been thought to be a prine cause, and this has been

‘tied in with “the lack of excretory organs in !lryozoa. Brown
004y formation has heen therefore regarded as having an excre—
tory function, an idea first expressed by Ustroumeff (1866);
and acknowledged by Harmer (1891, 1896, 1931), %eihge & Hér-
ouard‘(1897), Prouho (1892), Calvet (1900), Marcus (1926), Rey
(15&7), Bronstein (1939) and Cori (1941). Calvet,- however, felt
that as in song,bryozonns the brown body is mot elininated,'exr
cretion may not be the prime function. Marcus (1926) and Gordon
n(}Q?Q)rnoted that brown body foglation tidés zooids over peri- n
Jods when adversg conditions prevail temporarily, and Prouho
(1892) felt that the “bryozoite hénéficie d'un rajeunisse-e?t,

périodique”. . -

-
-

In the literature polypides are generaily referred to as

‘young' wheh newly feeding and 'old' when stomach walls are la-

den with residugl material but how and whether natural senes—
cence is related to accumulation of this material has not'been ° v
clear, Thus, knowing that brown bodics are regression products.
and that their formation is induced by both extrinsic uﬁi;in- . w

Y trinsic factors, can brown body formation be regarded as asﬂi“;
excretory or an ageing phenomenon? What is the nature ot the
granular uatcrii: that comprises the regression prod?ct and is

i

it likely that i% can be further digested in the gut of the new

Q
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polypide? Furthermore, what is the role of phagocytosis in

polypide regression? An electron microscopic studﬁﬂof brown

body formation was undertaken to elucidate some aspects of

this noteworthy phenomenon,

«

4,2 Materials and methods
P (A8 for section 1).
In addition, fluorescence microscopy of live unstained

and stained (acridine orange) polypides was carried out on a

Zeiss Large Fluorescence Microscope in order to Locate nuclear

L3

" DNA and degggt changes in autofluorescence during regression.

Growth of colonies: Timing of polyp1de;yegre531on and other
events was carried out on colonies maintained over a perlod °€y
several months, These colonies were established in the follow-
ing manner, Knowing that Cryptosula larval relegge can occur
from May to Decemher in Ewrope with sumner maxima (Ryland,
1965), rglass plates were fixed adjacent to presumed breeding

colonies under intertidal rocks at Graves Island, St Margaret's

, Bay, ¥n July, 1952. This is a sheltered shore with only mod-

erate wave action. After two months the plates were collected
and examingd, By serendipity several colonies had become es—,
tablighed, The plates were transpdriéd to an aquarium of cir-

culating seawater. Colonies of Cryptosula pallasiana and Elec-

tra pilosa (L.) werc checked at intervals by microscopic exam-
ination of their basal“idorga “gides through/the glass plates.
Th;’calcified frontal wall Crintosula precludes examination
by any other means, «

v



. tions and live colonies reveals that the lophOphor; atari&

‘ance, with an anterior reddish part and a posterior dark~brown_

«3 General features of regression at the level of

Iight microscopy
Polypides “of Cryptosula were found to survive‘
for periods ranging from 15-72 days (2-10.weeks) in aqua—
rium conditions, After the final emergence of the lopho- N
phé:p for feeding the polypide i;)retracted and undergoes -

tissue regression (figs 1-G). Observations of paraffin sec-

degenerating from the ends of the tentacles hackwaras; me
while condénsing,‘until it has become a roughly conical or - .
spherical: orange mass. Simultanecusly, the alimentary tract &
shrinks in size as the gut lumen aiminiéhes and the stomach
becomes co-pacted The parts of the stomach contalnxng orange-
brown incluszon& in life become very dark. The rectum and~ © "
pharynx are incorporated with the regressing lophophoral mass

and the remains of the polypide take .on a bipartite appear-

- From paraffin ?ections the lo;;ophore base and its ba-
sal lamina are scen to be the last parts of the lophophore to
regress, The orange~brown inclusions of the stomach become a
proninéht part of the hrown hodit and lose their ability to
fluoresce as regression proceeds. 1f the polypide does not.de-
faecate prior to regression then a faecal pellet with skgle?a}

tragients of food organfsns becomes incorporated, Someiimes






Firure 1.

Figures 2~6. Sfages in resression:

*n

) - .

L

Dosal views of two colonies of Cryptosula pal

lana of slishtly difrerent pigwentation, 1a shows
rezressed polypides (brown bodies) at the bottom
in the perioncestrular region of the co’ony. it ,
top. are functional polypides and maturing e@hryos
(dark‘ohjects). 1b shows a colony with lesdépig-
mentation and no red colouration, Iq onc zooid a
brown body is ahout to he incorporated by a devel~

oping caecum (arrow),

3

2, Barly regsression (the arrow indicates an embryo).

© 3+ A later stage in which the loghophore and phar~

yax have condensed., The different parts of the

. gut are still reco;mizable,

3

4, The lophophore, rcctum and pharynx arc reuwrcscn-

ted hy the reddish musq, the stomach is dense

\
¢

and hrown. .

o,

5 n*ﬁ%iypiﬂe primordium (arrow) (ndjaccnt to an

embrye) npproacheq a hrown ledy.
6, The reddlsh romains of thc hrown hoﬂv are scen’
in the caecum and pylorus of the new polypide,

Parts of thc rezression product are scattered

>

“throughont the xooid,. . -

1a, x 22.5 (top scalec 1 mm),
&

)
1b=6. x 55 (hottom scale 0.4 mm),

M L
] o '
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Figure 7.

£

Figure 8,

fl

 x 99,000 (scale 200 nm).

x 8500 (scnle u/ph).

Lophonhore regression: £ sroup of cells near the
base of a regressins tentacle showing cell dis-
placement anﬂ differential cytoplasmic densities.

x G050 (scale ulum).

¢ .

Lophophore regression: Liberated cells — the one
with rootlcts is clearly of tentacular origin.

The upper cell shows sizns of necrosis - pyknotic

“

nucleus, pseudopodia and rlycozen (arrow).
¢

v 7 e

Lophophore resression: A eiliated cell in early

.regresaion with a lytic vacuole containing. menm—

brane .lamellae, Notice the small vacuoles (arrows)
whle‘kare derived from endoplaqmic cisternae, The

fibrous bundles are ciliary rootlets cut obliquely.
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there are tw0-‘broup hodies', but more often the reddish- B
orange part appeé;é as a protuberance or less dark region
on the brown body proper, After acridine staining fluores-
cence 1is contined?to a few nuclei (green in UV) in and a<
round the brown body. Complete regression takes 6-17 days
Irom start to finish. )
- ) Often ﬁuring regression large numbers of reddiéh:
. cells or cell clﬁéfﬁrs can be seen Scattered around tﬁe Qo;
oid in the uesenchy-e, presunably phabocytic in nature. There
° seems to be sone phenotypic variation in colony pxgmentat1on
in Cryptosula, Feeding colonies a few centimeters apart onr a
glass plate apparently on the same diet were noticeably dir-
°  ferent, The reddish cells scattered in the mesenchyme and sim~
ilarly coloured degeneration product of the lophophore are
lacking in figure 1b, (I have also noticed that estuarine
colonies of Cryptosula in New Zealand are lacking in plg;gné
tatioﬂ'wher;qs Nova Scotian colonies exposcd to moreyo; less. <
open gea conditions are dull orange in coldur). The occurrence
of the scattered cell cl;sgers is irregular in regressing o
_zooids aéﬁ/bears no obvious relétionship:to the presence or -~ . .

absence of pgonads or a regenersting polypide.

“a

~,  Since the developnent of intrazooecial ,eubryos is said .
to cause polypide regreSslon in some species of Bryozoa (Har-

.~ cus, 1926a,h; ﬂobin,ﬁ Prenant, 1970) it is worth noting at this .
po{nt the effects, if uany, in E!Btosula (where 1ntrazoo§pia1
embryos éccur) of reproduction on polypide longevity, Ub;erv— s
ations on %iving zooids during the reproductive season reveal-

ed the following facts. Colonies are protomyndhs, ova appearing

2
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about two weéks before testes, Somec individuals seem to be
monoecious but most are dioecious. In any case, the onset
of pawmetogenesis has no apparent effect on the polypide.
After presumed fertilization of ova enbryo ma?uration takes
agprqxiuately thirty days, near the distal wall of the zooid,
during which tim; a secoﬁﬂ‘yay be developing on a side wall, -
Testes also persist in zooids for about thirty days, Thfouth

out all this repfoductive activity, including embryo matu-

ration, polypides continue to feed or regress or regenerate.

-

4.4 Ultrastructiral features of regressioQ

4 41 The reeresginéﬁiophophOre )

Among the first featureq to be seen in ;antacle
regression are various change the cell surfuce. The cut- /
icle éloughs off including'tijiizgiwlcrov1lll..In addition,
cell ;ontacﬁs wecaken and adjacent ;;lls move apari from one
another and from the hasal laming. This occurs both in the
‘outer epithelium and inner peritoncum:; At this time the col-
Jagen flbrils still show a nodular petrio@icity of 60 nm. Cy-
toplasuic features vary from cell to cell as not all cells |
regress sinultaneously (fig 7). The abfrontal cells scem to
rggressluore quickly than the lateral and frontal ;ells,

) showing more autopharic,activity. In the case of the cillated
cells cytopl#gm appears’ almost as in eells prior to regres-
sion but as cells slough off from ‘the basal lamina aoﬁe chan-
ges hecome more apparent.,Endbp%F?mic cisternae become swmall
‘vacuoles (figs 8, 9) and ribosomes are liberated as a result,
At the cell surface abscission of some of the cilia frofi their

basal hodies seems to occur leaving them to degencratc extra—

cellularly or bhc picked up hy heterophagy, Also in detached
{
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Figure 10. Lophophoré regression: A former embryonic cell
from the lonhophnré—hnse with a large myelin

ficure., x 27,600 (scale 0.5/um).

Figure 11. Lophophore rcgression: A cell from the loaho-
phore hase with a lytic vacuole and a mito~
. chondrion containxng a suall myelin gigure Q
= basal lamina). x ?4,660 {scale 0.5/;m).

Figure 12, Lophophore regression: Cells at the lopho,lore
i base with pigment droplets (p). Therc is some
eondensatioﬁ of nuclear chromatin., Arrows indi-

cate the hasal lamina, x 9300 (scale 2/nm).
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“m detached cuticle,

o

\;bodial processes may be extended and

N

. ‘ \\ . 1
cells there is some clumping of nuclear chromatin against
the nuclear membrane as 1ncipient‘py*nosis occurs, Pseuﬁo—

\

Fhere is occasional -

'intracellulér»glycogen deposition (fi& 8). Autophaéic vac—

uoles and -ultivesicular _bodies are also present and in some

cells llpoidal pignent granules. M1tochondr1a and Golgi bo~
dies appear ‘normal’, . \

Cells at the lopbophorezbase and mouth régreas later

than Iurtﬁer up the tentacles, and the beginning of regression
is marked by the development of myel1n Figures in the cyto—
plasm and within and«around some mitochondria (figs 10, 11, 16),

residual bhodies and lipid drOplets (figs 12, 13) and finally

the moving apart of cells, _ ' )

Peritoneal cells in the tentacles éyluléi}étogether:‘l‘heseo
cel]' undergo marked autolysis compared to tﬂé‘outer epithel-
' ial cells, The latter seem to do one of two things. Some which .
show uore signs of regresslon continue to dutolyze while othcrs
uhich'appear re;atiVely healthy, having been liberated, scem .

to take on an amoehocytic role (fig 13).:

*  1In cross section at this stagze the tentacles are dis-

i

. placed with respect to one another and in many cases are rec-

ognizablz onl} by virtue of the irregular profiles of basal

lémina‘tha% remain, The picture, Fhen, is onefif seventcen

bucklea tubes of basal lamina with ag~regations afvautolyzing
eritoneal cells on the inqnde, amd attached and detached au-

tolyzing and relatively normal epithelial cells Qn the outside .

as well as organic debris derived trou»frarmenting cilia and
r
»






Figure A3. an@ophbre regression: A liberated epithelial
:cell containing axonemal profiles, twe nuclei
) or parts of -a former nucleus (one pyknotic (n))
and degenerating mitochondria, ﬂdtsfée tﬂe cell
are nambranous formations derived from shed ci~ .
lia, The arrows indicate axoneual tubules.

x 17,800 (scaleotyum).

- 4
K o -

‘Figure’14. Lophophore reg%essioq: A necrotic epithelial cell -
° showing ciiihry resorption. The axoneme is separ-

- e

ated from the basal body. The arrow indxcates a

. Batellite body. x 25,500 (scale O.S/um). '

Figure 15, Lophophore recsression: Cells from the lophophore
baSe in.early rerression with a lipid droplet—(l)

and dense residwual bodies. x 25,500 (§cn1e 0.5 jum) .

Figure 16, Lophophoreuregr0831on. Cells Irom the IOuhonhore
base in varying states of rexr cssioﬂ, hitochondr1a
o - are showinz incszent myellnlzation and have, tost =~

their smooth contours and the nucleus is rather
A3 i jf‘ @
¢ ¢ homogeneous, an alternativc feature of ﬁecrosis.

x 33,300 (scale 0.)/um).
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As these cells regress yet further they develop very

1rre;u1ar protl.es, appearing to fragment into smaller gie- i

-~ ©

ces; in sections of the repressing lophophore mass many pro-
Tiles of apparently small cells are encounteretl, EitheQ they
represent cell fragments or they are profiles of irregular
cell. contours. . e

These changes take place aver a,perxod”of days dnrnng
which the regress1n;,lophophore condenses by- autophagy, het~
erophagy And\concom1tant cell movement, Sections of the con~
densing na;s denonstr;te a marked increase in the nﬁ;ber’or
cells showing what Bbssis'(1964; calls deagh agony (character-
ized b§ the appearance of pseudopods and/or oedema of cyto-a

plasu,'ﬁug%eus and organelles), Large nuubers are also def-

~

Adnitely necrntic (involving nuclear pyknosis and/or karyor—

>

rhexis and rormation of myelin threads or rigures). Very few
show -any-sighg of tnormality' and, as expectegi those that
do are the former embryonic cells hf the lophophore base,
which are the last to succumb (figs 15, 17, 18). Features of.
cell agony and necrosis are exhibjted in fign}esr17—25.

The basal lamina maintains its structural integrity

for some time, At the beginning of lophophore regression it
is buckled and bent but this is normal whenever the lophophore

is retrdbted, in order to accomodate its volume in the cystid.

Yhat actually causes the coilapse of the hasal lamina is not
known, Possibly libetated hydrolytic enzymes accomplish this

as is known in anuran metauorphosis (kisen & Gross, 1965). At

any rite, it does collapse and vhile much of it seems to be-

cone reduced to a fine, fibrous form extraccllularly, some is

. ¥

\3







N
Figure 17. Laphopﬁore_regression; Rerressing and neqrofica
cells at a tentacle;hage. foticg the karyorrheiic~‘
nuclear cluster (k) and{thc islands of basal lam-
Q:\ ina (arrows) some of which are incorporated into

adjacent cells. bSome\cells have herniated.

1

.X 5750 {scale 5/um). v

Figzure 18. Lophophore regression: Some of the last cells to

1 "

reqress are the former embryonic cells of the lo~.

v

phophore base;?These arc relatively normal—-looking .
. bnt/&ith mninor bhlebbing of the perinuclear space

{arrow), while most contain large autopha;ic vac—

[ 4

uoles, xfiééo {scalé 5/um).
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the lot)hophore ?

gure 19 Lonhophore regt‘ession' Cells‘ from

baining qecondary l.y osomes. The dense

i,

rows ’i drived from certain uo]t;;i vesxcles.

N

(scale 0’.5/um). - \

' 3

re-ression: bome cclles from the cepter .
. 3

. . of the re;r

. L o < smuch debris®trop ruptured cells, ‘though some’of
" ,& o . neornorated :i.nto others, &4 - -
X A ST fop?er c:.lmted *’tcnt 1é cell can be recognized "
. . . . ” by the $corporated axoncue (arrow). x G180 - '
- . . ¥ (seale /2/um). g . - |

e < e E
. : ’ ,”’/ s T . ) 4 T . '
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’ akong with other debris by macrophagic activity
b ; of some of the repgressin® lophophore cells.
v x 16,000 (scale l/um). ’
N 2 . N .
ey . $ -
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. - % ‘
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Figures 21-22, Lopho hore rerression: ortions of figure

"“ gl 17, sbowiqg the karyorrhexic cluster (fig 21)
o and a gmall island of hasal lamino (rié*zz). The
3 vacuole at thé top pof fizure 22 contains huscle. )
. 2. x 16,600 (scale 1,um). |
? 22, x 25,700 (scale O.SIum). . . 7 T, d

Figure 23, Lophophore regression: Some of tlie ciliary shafts

- 'that‘are shed are picked up into heteroﬁhagosomes
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incorporagfd by@heterophapy (firs 17, “2);.At somé time /
‘during condensation of the Iopﬂophore the GO nm nodular ‘ ﬂ//
perindicify of the collagen is lost and infraperlods of /
:13=14 nm’ become apparent (fig 26). ‘ o /
Epithelial cells of the tentacles-which seem to be- // B
have as amqe%ocytes can die and become necrotic themselves. Py
QSo-e of“he cell debris which occurs in the center of‘fhe ’ )
regress}ig nmass appeéfs to be derived from rupéﬁredmnecrof;cf
cells, éI <::/~‘
'kby heterIphagy. The frec cpithelial cells contain, hesides

t much of!%he debris becqmes incoﬁporatedﬂinio cells
identify ng‘rootlegé, naked axonemes (figs 13, 14, 20, 24, o
25, 27)&fé£ere is n; vacuo%ar membrane either, In addition, - .
thereforé, to being,slouéhea of f from the cell surface shaf?s )
may be withdrawn, as tﬁburh the axoneme were heing injécted

into the cell (fig 27). This phenomenon is known in_ rcorgan-
izxng ciliateﬂ cells where axonemes detach from the hasal:
budies“’*&nd sre withdrawn into the§ cell (Paulin, 1‘)73) lns;de‘ ’
the cells of Crznto§nla the axoncmes hreak apart’ élvxng rary;

dom microtubular profiles in the sections, As we}l as nuclear
pyknosis, hOmogenizatLon or nuc;eoplasm and karyorrhexis oc— -,
cur, ﬁyeiin figures are often abundqnt in necrot1c cells, al~
though it should be noted hat as ﬁhall myel1ﬁ flgures oceur- -
in otherwise healthy cells of the living polypide, they are

hardly characterxs#:c of necrosxa. fﬁ

% 4

. ' Muscle cqlls in ihe tentacles and lophnphore base pre-
sumably shorten, g8 “in se¢tions ofj;he regressing tass "they R
are seentto be balled«up with tzlaments‘lylng in all diréctions.ﬂ

fhe_balled-up cellé may—then- be—incorporatéd Tato others by o
- A N L .
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Figures 24-25. ﬁbphophorg regression: Liherated and loose-
cells of fFrmer ciliated epithcllum containing
. ‘ resorbed cilia and fragmented nuclei (arrows)

. (the karyorrhexic condition). . CZ
. 24, X 25,700 (scale 0.5/um).

b

.t 25. x 22,600 (scalg’o.slum): -

- - ¢
- r

Figure 26, Lovhophore repression: Collapen fibrils -show' a .

. different periodicity when repressingy of 13-14 °

nm (arrows). x 208, 000 (scale 50 nm), : )

Figure 27 Lophophore rerﬁeselon. Cilia in the process of

being resorbed 1nto a parent ep1thellal cell.

.
~ X 33,300 (scale 0.a/um)” “ «
" -
1 < Ia T -
. B
. v ﬁ 2 .
<
B N 5 1 \ . . r.‘\
. . S
WY , < ’ K B
4+ - P , \‘\
.
4
¢ k]
A « I\ I ’ M
& T 2 Y
¢ '
* PRt o “ : L . .
S
v
. .
L4 »
© v * »
3 N * . N °
s
- o 14
. a* ¢
. «
v . v
e ‘ - B £ )
- [ * 2 *
°
A i3
»
' .
3 v . L)
% » t N .
¥ -~
. . . . - o b . e .
. .
“ f -
% . 2 . .
i
i 3 ~q
\ - f
f K . 4 Y - . 9
'
. : : : oo
X ' ‘ :
v ¢
¥ N s . h
r t = ‘
‘s k4 LI 4
- N ‘h »” l @
. , & < - -
] ! .
> ,r‘f ., - . . ‘. " .
- . ¥ ‘% v
,e > - 1 »
s s \ . -
r - N M ~
¥ - LI * - b






-
o3

i

-~ a N
"
w B
i %’ » 5 N4
\ NEN
3 oo i
“ ¥ G .
% . <
-
- B [N
5 - . " . 2t -
’, A}
o N « o3 % s
' Y
¥ ’
a .
« B ' ~ > v
~ !
N r “ °
'f S o -
.
-
-
1
¢ s
x

Figure 28, Many of *the cells within the regressing lopho-
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pheral mass contain degzenerating muscle and .
crystalloids (arrows). The origin of some of .
these cells’ is uncertain but sowe are likely to
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“ transyerse profiles of more fully formed crystalloids.:In o -

)

heterophagy. In the circular muscles of the mouth lipid

droplqts appe;r and aléo @acuoles;containing membrane la-

mellae (fig 29) comparable to some deéeribea by David (19~ . -

70: 113,149) in other organisns. Filanents cease to lie in

ordered arrays. o -

'In additipn, there are s¥ue small cells gtue-sarco*

lytes of Bobin & Prénant, '19577) which contaig‘predomin;ﬁtly_

degenerating muscle (fig 28). Frayiﬁg retractor muscle ap—-

pears to be taken pare of in this way. hxthln some of these

cellgﬁnuscle filanents undergo transformation into crystal*

loidal material consxst1nr oft overlapping arrays of helical

tilaﬁ%nts (figs 30, 31). “ore compact hexagonal crystallolds

of apparently related structure were encountered in the par— ¢

ietal nuscle cells which run from thc floor of the compensa-

tion sac to the basal wall of the cystid, It is not certain -

it parietal muscles rerress 1n Crxgtosula or not. The crys- ) .

talltids were, encountered only dyring. polypide regression .
tt this time necrOSIS of epithellal and mesenchyme cells

was occurring around the_ ends of the mnscle cells which theu—

‘se1Ves showed some pntholo"1cal changes (oedena of nlgochoh-
LY ' 2
dria, ground plasm of free ribnsomes). The diameter of the

filaments in the macrophnges and in the parietal - uuqcles is

o N

the same (5-9 nm) and it seems llkely that the 1nages seen

in the nacrophageq;represent longitud19a1 profiles of incip—

A a . H] |

‘ient ¢érystalloids, while those in the parietal muscle are ¢ |

7

. transverse sections the rpws'ofdfilu-ents ar¢ set at angles ‘ \\j}
of 59-64° with respect to one another (fig 31). The tilt . ,
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g Fiéure 29, A regressing buccal circnlar‘mﬁqcle céll: Fibrils

’ * ' are no Longser arrayecd in regular sarcomeres, and

A

£ et et A e ettt 2 L I3 4
L SN e ol s ey o 3
g #=7 the cytoplasm becomes houosencous .as endoplasmic

, © " membranmes disappear, Larsze lipid droplets L ¢
. 1 % - -

appéar.as well as.membranous whorls and dense

: bodies, IA,B decur in ‘the muscle cell. 1. is in

- . 2

. . * a’neuron undér the basal lamina,

' . X 22,400 (schle 1 /umj. oo :
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angle. of the helices in longitudinal section is 34-36 .
The chief features of lophophore regresslon are summarized
in figure 41, . s
. The regreaalng lophOphOraI mass is characteristxcally
"an orapnge-rcd colour which progressively deepens as condgéw K
sation occurs, The origin of the colour is not clear. While
there are a- number of pigment droplets no% surroundea by | X
-e-branes it is un11kely that thesc copld account ‘for the / ‘ .
strong colouration because theyfue so small (0,5-1 Zslum dﬁam).
Sinee thefisolated coloured cells or cell cIUSters scattefed

i

1n the uesenchyme are also red and cont&1n heterophaglc v&cu-
PR f'ﬂ

oles and chromatin ﬂensxties from nuclear cpndensatlon it

* Seems' that these latter structures are a contrlhut;ﬁg factor.

I3

Aéain, however, it should be“pointed‘bﬁt that sucn‘colou}at~

ion is absent from regressing polypides whose colomies lack
] ’ ; ’ |
natural pigmentation to the same extent.
.o » =": , . ) 3 . 4 f
* . 4,42 Thé regressinr rut

:
P r

. leferential rates ot”rearesglon occur in dif- .

fgyant parts of the gut, .The rectnm and nharynx re"regs con—
currently with the lophophore, wh;le the stomach, albblt fg;l
of secondary'lysosomes andﬁresidual bodies, maintains zts in-

tegrity tor a langer periods -~

»

Early regression of the pharynx 'is marked by increasing .
\

density of vacuolar sap due to the appearance of small eran= \
ules and uenbra#ius struc%ures (fig‘sz). There is minor bleb- \

1

bing of the perinuclear space, endoplasmic cisternae become

convqfted to small vacnoles with concomitant 11heratian af ri~‘

4

o
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Figures 30-31, Muscle filaments ave transformed into pana-

crystalline aryaxs»of-filaments with a helical

disposition, aligned lonﬁituﬂinélly innfigﬁre 30, -

(from the regressing lophophore) and: trarsversely .

ip,ffgure 31 (from a parietal muséldébell)."TWO

»

nuclei in figure 30 appear as a dense ag¥rbgation

of chromatin and aolarger hombgeneoﬁs étructhre
which were probably derivedworiginally from the

» ! - ! - - 9
same nucleus. Ruclear frapmentation with chxoma-
I'd ° Y - @

tin condensation (karyorrhexis) is common in nec— -

-
¥ -
rotic cells, : - PR
B
30. x 33,500 (scalc 0,5 ,m). - - ‘. ,
- -~ e
@
31. x 104,000 (scale 200 nm). L
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Figures 32-33, Pharynx renression: The fluid in the two

o

. vacwoles in fimure 32 is quite dense and full
of particulate matter, Endoplasmiec cisternae

are transformed into small vacueles (v) and
\

there is minor bhlebhing of Lie perinuclear space .

+ . (arrow), Musecle filaments hecome dissociated,

* »

32, x 29,500 ( ale|ﬂ.5/um). ’

' .. 33. X 32,400 A scale O.S/Hm).
' -
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‘prior te regression myelin ‘figures are commonly encountered

. . " 103
?
7 e

F3

'bosomes, and muscle fibrils become~disorganized (fig 33). ,

In the rectum products of absorption that accumn—~ -
late during the life of the p;lypide are a prominent feature
(fig 34, 35{. These comprise vacﬁoles contaiqing ﬁbmogenenus
contj:}s which may be polysaccha}ide in nature, Renieri (19-
70) demonstrated the poYysaccharide nature of the matrix ﬂe~
tween the microvilli of the caccum of Bugula neriitipa, and in
Cryptosula the matrix isinot apparently different }rom daecum

.
to rectum, Other vacuoles (secondary lysosomes) contain mem- _

» . - 3
brancus lamellae, dense bodies and granular material, Lipid

’ droplets occur but are not abundant. Regular cytoplasmic chan-

ges seen im other regressing cells occur iq the)rectum. Nec—
rosis leads to practically the total loss of all membranes
including those around the residual bodies (fig 36). Both the
rectum and pharynx become part of the reéressing lophophore

-

mass,
a

v N

The whole stomach. from cardjiac to pyloric sphincter -~
regresses as a unit, The oébnge-brown inclusions that have
accumulated and enlarged during the feeding life of the poly-
pide come to constitute the major part of the brown body pro-
per and it is these that, through furthér condensafion and
digestion, give the dark brown colouration-fo this body. Even
) v
at the base of cardiac ce%ls (fig 39). These may give rise to
at least some of the residual bodies that resembic lipofﬁscin
seen in ;arly regression near the cell apex (figs 37-38),
Lipid droplets aré also encountered, Endoplashic cisternae

are converted into small vacuoles and mitochondrid lose their

~
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. R . . { « v
gures 34-35. Rectal regresslon;ﬁThe‘membrane and particle
« v LN A " . i

%
¥
: ~ : » E] >, ri -
- ' eontaining granvles’'that contribute to rectal

8
w

i , autofluorescence in feedingcanimaISaare very °

0 large in qeg;essinggfélls %ﬁig 34), often occu-
pyingz a qﬁqsidqragle volume .of the cell (fig 3?)

: and are probably Heiivcd from autophagy, the den-

ser granules (fig 35) being derived frou digestion

of absqued material,

34. x 32,000 (gcaléqﬁ.s/hm). :

a
«

35. x 6300 (scale 2/um?.“ ’

.Figure 36. Rectal regression: In late regression thé rectum
comprises Yaryge masses of residual material in a
homogeneous matrix, with bands of more rcgul&r .
(though denser) cytoplasm, )
x 31,530~(scalé/%.5/um). .
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37-39. Cardiac regression: In very old and regres— -
“sing ;:el.ls of ;:he cardia ii;)ofixégin—likc; rranules
ax:e‘charz‘igterist;‘s; (figs 37,38) and lipid drop-
Yets (arrows) (fig 38). lyglin figures (fig é‘g)_n
. are found in feedling aninals prior to regression
(as” shown here) and contribute to formation of -

denser granules.’

\ SN .
37. x 24,900 (scale' 0.5 /um) 32 A
38. x 6990 (scale 2 /‘um) I/\
39. x 39,900 (scale O.S/um). u,’ e
‘ .. - .
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Fipgure 40. Caecal repgression: The wall of the stomach cae~="

cum shows large lytic vacuoles, lipid droﬂlets

(1) and some autophaglc
.cum has this app;nrance
condensed éon§iderab1y.
gréph harely ghow Signs

(arrows), x 8000 (scale

¥ ¢

activity (a). The pae-
while the iophpphore has
Muclei in this micro-

of chég&atiﬁ condensation

~
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smooth contours,
/—q

Lipid also occurs in regressing caecal cells (fig 40).
i §

Here the‘secbndary lysosomes that developed dhring fee&ing

are huge, up to B/um diam and twice the size of the nucleus.

It is clear from the large numbers of pyknotic and karyor—

. rhexic nuclei seen in heterophagosomes that condensation of

the stomach occurs through heterophagy of some cells by neigh—~
bours. Autophagy also takes plate:‘Actively segreting Golgi
hodies are seén in regressing cells” and these are mostly tﬂose
that prod?ce both small clear vesicles and macrovesicles con-
taining fiQrous elements but wh&se function’is.nnknqwn. Mito~
chondria are irfegular or small and rounded with few slender ~
cristae, As noticed in all regressing tissues so fér, ribo~
somes become liheratéh as» endoplasmic membranes arézlost. De-u
pending‘ﬁn stomach contents at the time resression was entered
into, food fragments like diatom.frustules and uﬁidentifiaple
skeletal fragments may be encountered, being derived from eitﬁere
intrdcellular mat;rial in the caccum or the ergatula in the py-
lorus. Ciliary shafts from the surfaces of the ciliated cells
are incorporated into the stomach cells as in the epithelial )
cells of the tentacles., The chief features of gut regression .

24

The muscle cells and peritoneum of the stomach regrébs

are summarized in fip 41. -

but the basal lamipa remainz intact, not as in the regressing - -
lophophore,pand forms a kind of limiting membrane around the
developing hrown body proper.

During regression glycogen may accumulate, sometimes in
magsive amounts, in cells of the nmesenchyme and in the epithy-

lium under the floor of the compensation sac (fig 42), but its
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Figure 42, Under the floo; of the compensation sac dhripg
. ret}eésiouélnrk&”amOunts of glpﬂa'glycogen ro—-,
settes are derosited, (Thd ﬁomﬁengatinn sac com- .
/ /"b * prises a fibrous cuticle with a éuticulin~like

surface Qﬁrrow)). X 31,400 (scale O.S/um). -
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deposition has not always been encountered in seciions of
regressing polypides. This may be due to 15; tearing-off of
.negknchy-e eells when a polypide is dissected from a zooid

' prior to embedment. Some mescnchyme cells always adhere but

Q‘these,do not always contain glycogen, épon sectio;s of unde-
caicified zooids were stained with Schiff's reagent in order
to locateé sites of wlycogen depos:txon in situ in the zooid.
PAS*posf%ive atalnxng sites are found throughout the ;::en~

L chy-e, both proximally :ind distally in the zooid and under
the floor of the compensation aag, xlvco"ed'typ1ca11y occurs
in the form of alpha rosettes, Whilernlycogen occurs in wmes-

enchyné cells, these cells may themselves regkess, Some lipid

can occur with the:glycomen,

4,5 The brown body
. Continued condensation by autophagy and hetero—
. phagy of the regressin& polypide results in one or two brown
ﬂodies'depending on whether the regressed lophophore, phar-
ynx and rectum detach fro;—;he regressed stowmach. In essence,
the. brown body represents ¥ huge residual body. Actually, it
is made up of large cells, ;ach comprising a thin halo of nu~
cleated cytoplasm surrounding an enormous residual body. The
long dimensions of thesc cells is comparable to that of normal
stomach cellq‘(c.15~20,u-) but they are up to three times as -
wide due to heterophagy of some cells®ly neighbours, and they
lo;etines take on a polygonal shape, The cytoplasm comprises
a little RER, wmitochondria, Golgi bodiea of two types and nu-

clei (tigs 43-44). The reaidual body comprises the remains of

2
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several ‘smaller residuval bodies (otuge&branoua elements,
opaque grinnles, myelin ;igures, and anoéphous aggrepgates),
no longer aenbrane-bounded, in a more or.less ho-ogeneons
matrix of tine fibrous waterial, T

- Even arter,the formation of a definitive brown §0dy,
degeneration continues; What little cytoplasm remains disap-
pears entirely, evidently by sutophagy. The Golgi body with
the fibrous nacroveaicles, mitochondria and nuclei persisi
right to the -end, Fusion of cells can result in at least a
binucleate condition (fig 44)'fEﬁentually aii\membranes tend
to degrade and the matrix, and residual material become pro-
gressively less structured (fig 46). The part of the brown
body derived from the lophophore, pharynx and réctuu is in a
most degenerate state, Cells with intact nembranes contain
resgidual bodies, nyelin figures, uhorls, lipid and bizarre
membranous structures qu1te unlike any in the remainder ot
the brown hody derived Trom the stonach.
< None of the cells around the fully-formed brown body
were ever scen to contain glycagen., Glycogen deposition there~
fore seems to occur mainly during early rewression and then
cease, the deposits being utilized for other aspects of meta~
bolism., One poasible reason for the disappearance of the gly-

cogen will be discussed later.

4.6 The fate ‘of the brown body
Atter,rorm;tion of tpe brown body one of two things
may happen to it in bryozoans in general - it may remain in
the zooid or it disappears., In Cryptosula it follows the latter
course. Between 4-15 days after regression begins a polypide

,
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Figures’ 43-44. irown hodies: lortions of hrown bodics with

- areas of regular eytoplasm (nuclei, RtR and Gol-

=

gi bodiés) oround large areas of residue Jﬁd ho-

b

~

. mogeneous matrix, In fipure 44 a binucleate cell :
is shown (arrows indicate two nuclei). The Golgi %
body ‘(g) is the kind found in the stomach, which

. produces macrovesicles of fibrous material,

¥

43, x 31,500 (scale 0.5 ) *
44, x 31,900 (scale O:S/um). 4
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Figure 45. Gutside the brown body are seen bizarre forma-

tions derived from herniated regressed lopho-

phore and peritoneal cclls. x 26,000 (scale 0.5/um)

; Figure 46, Urown hody: Residue comprises membrane lamellae,
dense pranules, amorphous aggresates and a fine

v
fibrous material. x 25,000 (scale 0.5 um).

Figure 47. Fate of the brown hody: The gut anlage (arrow)
of a new polypide is scen peginﬁing to grow alons~
ide the brown body. aAbove thé brownobody the lo- -
phonhore is differentiating, (Interference micro- °

graph of a paraffip section). x 520 (scale 20/um):
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primordium is seen developing backwards from the distal body
wall, The time of the appearance of the new polypide is rela-
ted to the ratqkof regression, it rcgression‘is rapid the pri-—
mordium is seen after aotei days, If regression is slow it
appears atter a woek.or 1cnger, such that by the time a brown
body is tully formed the hackwardlyﬁgnnwing primordiumﬁen-
counters the brown hody and the gut anlage deveIops (fig 47).
The caecum of the new pryt caps over the brown body, envelop~
ing it by growing over 1t,nunq incorporating it into its lu-
men, Whether or not the brown hody coqtains digestibleiuater~
ial serving as an energy source prior to the polypide’s first
evngin;tion, thé remains of the brown hody can be cleérly seen
in the caéeu-, pylorus and rectum (fig 6). When the polypide
evaginates to feed for the first time the remains of the old
polypide arc defaecated, )

If a new polypide does not grow the brown body remains
in the zooid for some months or until all tissues having dis~
integr;ted, the operculum falls off, and ciliates, nematodes
and othef organisis enter the dead zooid (zooecium) and dis-

lodge the brown body.

3

4,7 ﬁiscussion
4.51 Longevity ¢
ﬁata on rates of development, longevity and re-
.gression are few, Colony longevity is known to range fro; a
few mouths in Bugula simplex (Grave, 1930) to twelve years in
Flustra foliacea {(sStebbing, 1971); Longevity of i;hividual
zoolds of a colony is difficult to determine liowever, for the

duration of life of a zooid can he known only by obscrvation
f \,
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Polypide Duration of :
Species ‘| longevity regression Authority
, 1 2 1 Rey, 1927
Flustrellidra hispida 2128 6-?7 ’
. . 2 Joljet, 1877
Cryptesula pallasiana . 15-72 ' 6-17 this study .
Electra piloss - 6-33 3-8 this study
Esrystem]la forsminigera 20-60 " 5-15 Gordon, 1968
ina malusii . 3542 8~10 Gordon, 1968
var. ora - ¢
Bugula Clsbellata - 7-9 Joliet, 1877
Bugula meritina - 2 Harmer, 1891
Carbages papyrea - 12 Harmer, 1891

&

Table 1. Polypide lougevity and duration of regression in
some hry&zom -~ time in days.

of imdivideal xooids over periods of months or even years
becsmse zooidal longevity is a function of that of its comp~
onents ~ the polypide (alimentary tract and lophophore) and
m‘tid (body wall), It is theoretically possible for small
co;laie spaces derived from the metacoel or the hypostegal
coelen to remain alive, a}beit dor-'ant, t."or long periods of
time providing they are in orgamnic continvity with the remainder
of a celomny; and the body wall remains alive, of course, during

pelypide regression.

<« ‘The duwration of life (feeding time) of polypides is ;ny
te determine but published data are few (Table 1). The figures
in the table are absolute figures which need to be correlated
with eavironmeatal parameters, but they are indicative of the
limits that may be attained hy polypides. A
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¢ 4,72 Lophophore régrgssion - \
- ?

a In Cryptosula the lophophore (snd pharynx and
rectum) undergoes iegpession earlier than the st&nach, even
though- the stomach itself is laden with secondary lysosomes
and residual bodies, This appears to be general in bryozoans.

In Hnlkeria cuscuta, Bowerbankiu imbrxcata, Alcxohiggum oly~

oum, Membranipora membranacea and nralia' granifera the
) !
lophophore regresses first (Joliet, 1877). Bobin & Prenant

(1957) observed that in Alcyonidium gelatinosum th& tentacles

sometimes may he ingested by the pharynx in early retression,
and Hatricon (1960) observed in A, polyoum a similar circum—
*stance, where the distal part of the tentacles are introduced
into the rerressing rectum, while in 4, hxrsutum they pene-
trate as far as the caecum, ’ ’

It seems to be agreed that the brown body is not de~
rived from the whole polypide, Ehlers (1&637“recovds separa~
tion of the tentacles from the gut’during histolysis in Alcy~
onidium; Calvet (1900) indicates regression of the pharynx and
lophophbré apart from the stomach and rectum, Calvet also ob~
served separate regression of the tentaclés and Gerwerzhagen
(1913) of the tentacles and foregut. .According to Bobin & Pre~
nant (1957) the cardia regresses apart from the rest of the
stomach while the rectum may be.incorporated into the brown
body. Matricon (1960) observed that the sphincters of the sto—-
mach delimit those areas that will comprise the brown body
proper a;d those which will not i.e. loph;phore, pharynx and
rectu- regress as a unit in A. polyoum jﬁst as they do in Cryp-
tonula. Rey (1927), on the other hand, recorded that degenerar

¢
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tion starts in the caecum, spreading to o%per parts 'of the .
gut and ‘then the tentacles, and that the whgle polypide»éx:
cluding the muscles in Flustrellidra hispida contribute to

the brownf’ body. ) \ .

-

4,73 Muscle regression and phagocytosis

In Alcyonidium noixoum muscle and basel lamina
persist for some @ime while the %entécles ane regressing (Ma-
tricon, 1960), According to Marcus (1926) océlusor and parie-

Lad

- tal muscles remain intact in Electra pilosa during regression

- but are replaced when a néw polypide is regenerated, and the ¢
lophophore retractors share the Tate of the lophophore. In
Watersipora cucullata the parietals do not degenerate (Mawa-
-tari, 1952). Calvet (1900), Rey (1927) and Hatricon (1960)
agree that regressed muscle does not: become part of the brown
body proper, byt is digesicd by cells called sarcolytes. Ac= °
cording ;o Matricop sarcolytgg are found only in oid zooids,
are derived from mesencyme and are responsible {or phagqpyto~
sing musculature. They in turn may fuse and become necrotic.’

. It is not at all certain that sarcolytes are involved
in.Crxptosula. Many of the cells that seém to behave as macro-
phages during regression appear to he derived from lophophore
cells, where, according to varying states of regression of these
cells mutusl ingestion can take place, It is not unlikely that
coelomic ceils coula be Found ahoég the regressing cells but it.
would be difficult to identify them as such as nobody has char-
acterized them fine-structurally, and ;pty themselves can under—
go regresaion and nécrosis (Matricon, 1960; Bobin & Prenant, 19-

72). The latter authors havé described five types of coelomic

4
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-~ cells as seen hy light microscopy -« vacuolated amoeboid cells,
ce&is'with refringéﬁt granules, cells with peripheral inclu-
siops, ampoule cells, and stellate clusters bf glycogen cells.
’Théﬁe types Qere said not to be common to all bryozoans. Sar—
colytea fall in the category of anoeboxd cells, and only am~
,oeboid cells are thouzht to remain after polypide regression.
Some of the 'cells in the regressing mass in Cryptosula that
contain muscle remains are not unequivocally derived from teg-
tacle cells and might he sarcolytes. Yo

The fate of parietal muscie was not followed completely
-in C ‘ tosula, but midYO';aphs indicate that regresslon sets
in well after condensation of the lophophore. The crystalloid—
al material found in the parietal muscle cells is of some in-

terest, Identical crystalloids were found in entoproct soveket

musclg,(Barentxia gracilis) (Reger, 1969). In Barentsia the
AN
filaments comprising the crystalloids were 3-7 nm diam, with

the rows in transverse section set at angles of 5§° with resp— -

 ec¢t to each other amd with a helical tilt angle of 35-45° (coa~
pare 5-9-nm, 59-64o and 34-36% respectively in égxgtosula).
Such crystalloids are known elsewhere., Reger cites amphibian
oocytes and embryonic cells and human muscle tumour cells,
Entoprocts are known to exhibit cyclic degeneration and regen—
eration of the calyx (llurmer, 1887; Prouho, 1892) and Reger
hypothesized that the crystalloihs represent a form of storﬁge |
prior to its deposition into filaments in yonng or regenera~
ting animals. He did not know,yﬁ; age of his nattrial and his
micrographs (figs 6 & 7 in his paper) indiente early degener—
ative changes.'I incline to the view that such crystalloids are
. . :

)
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more iikel} to he a feature of regressing or pathological
cells than regenerating ones. t

s Phagocyiopis has been said to plag aﬂ important role )
in the diésolutton of the lophophore, rectum and pharynx.
According to RBmer (1906) phagocytosis takes care of those_ %
parte not entering into the brown body and Calvet (1900)

thought the phagocytes had an excretory function, an idea
further supported by Harmer §i§31) who observed that certain
coglonic cells take up dyes added to seawater, Matricon (19:\\\\
60) states that the tentacle sheath“plays a phagocytic role.

as it contains sarcolytes! Marcus (1926), Rey (1927) and 08}1
(1941) state that phagocytes laden with residues ‘disappear‘

or 'degenerate'; According to Rey phagocytosis of muscle only, “//
by sarcolytes, occurs, Irrespective of which cells are invol-

ved, phagocytosié’is important in Cryptosula in the condensa~

tion of the }ophophore, and indeed, the rest of the polypide,

but as previously stated, this m£§ht not involve special coe—-

Jomic cells, Cells containing pigmented residue come to appear
throughout the mesenchyme of the znoia but some time after a uew %

polypidglzzﬁ bien regenerated they are less apparent,

4,74 Stomach regression and the brown body

‘ As the stomach regresses, it had been noted that
histological structure disappears (Calvet, 1900), the lumen
becomes a receptacle for cytoplasmic debris, and“cytoplasm
becomes vacuolated (Matricon, 1960), Some of these features
are not seen by electron microscopy. 1ln situ autolysis and

heterophagy results in condensation of the stomach and as cell
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contacts weaken cells’ invade the stomach lumen in Crypto-
gula, Vacuolation of cytoplasm is not marked but there is

B

minor oedema of endoplasmic cisternae in cells wgich are .

probably destin;d to be 9ngulfeh by neighbéurs. Regresning

ato-ach‘lglls do not rupture. ’

. 1t has long been recognized that the brown body is

chiefly composed of the brownish“é;unules that aqpumula%e

%n the stomach walls (Joliet, 1877; linrmer, 1891; Irouho,

1892; Marcus, 1926; Key, 1927; Cori, 1941; Soule, 1954; Mat~

ricon, 1960). Food residues may also occur in the brown bo~ °

dy e.z. foraminiferan, radiolarian Qnd diatom skeletons

(Nitsche, 1871; Joliet, 1877; Rey, °1927) as in Cryptosula,

and Nitsche (1871) and Rogick (1945) saw gizzard sconces in ,

brown hodies of some stoloniferons ctenostomes, ]
The membrane around the brown body which was noted by

Hincks\ﬁlaso), R8mer (1906) and Gerwerzhagen (191%} is seen

in Cryptosula to be the former basal lamina of the st&mach,

In ad?ition, peritoneum or meseénchyme cells may surround the

brown body (Joliet, 1877; Calvet, 1900; Bobin & Prenant, 1957;

"this study). There may hé sone variaﬁionﬁin the nature of the

limiting boundary of a brown body accordipg to whether it is
destined, to remain in a zooid or be eliminnted via the diges-
tive"tract'otﬁa new polypide, Dr'¥W.C. Banta (American Univer-
sity, Washington D.C.) has sent me phoiograﬁhs of presumed
brown hodies from two Schizoporella speciéh which poséels a
rind-like structure which thickens with apge (figs 48, 49).
According to Joliet (1877) a brown hody membrane becomes chi-
tinized, Since this would necessitate fgﬂpnveloping secre;ory

)
~ . b
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Fipures 48—45. drown body; Epon sections (light microscope)

@

”

of two apnarent brown hodies with thickened

V'rinds' from schizbporella spp. (i’hotos courtesy

of Dr 1.C. Banta, American Luiversity, Washington,

D.C.). apurox.’ X S50 (scale”zn/um).

Figzure 50. A brown hody or more probably a funic%lnr body

@

from a Marellanic cellularioid., Under the thick-
ened ‘membrene’ is residual;mﬁierial and presumed

prokaryotic cells, x 36,&00[(0.5/nm).
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epithelium such an observation is donbtfu;; but it is clear
that EM investigation of the thickened rinds th;t Dr Banta
has encountered wo&ld be instructive.
q It is possible that stnnetures‘reported tb'behirown ”

bodiék in sdwe ‘species may not be so. My attention having

been drawn to the variable nature of bro;n body '-eubranes;‘by
Dr Banta, I prepared for electrah microscopy some presumed
brown bodies witﬁ’thick ‘membranes’ from a Magellanic cellu-
larioid, These bodies were ovoid with a greenish-yellow to
brown colour. This material from the ludson '70 expedition

was preserved in 70% ethanol but in spite of this clearly rec-
ognizable features are seen in fig 50. The limiting wmembrane
is a finely #ibrous cuticle~like structure 0.5-0.8 um thick, |
thicker than a basal lamina would be expected to be, Inside

is a deposit of organic residee and bacterial cells, Thé rest
of the interior is é;pty. Grave (1930) described from %Woods
Hole Bugula sigéiex apparent brown bodics that had the appear-
_ance of an 'oval greenish-yéilow or brown cyst', that occurred,
.one in each zooid, in winter, The presence of, only one brown
body was surprising (Q.vfﬁnaruer, 1931) ‘as Bugula spp weré re—
ported to accumulate hrown bodies in the zooid after repeated .
degenerations. Assuning, however, total,dcgene}ation of even
brown bodies, the structures that Grave saw might be funicular
bodies. Lutaud (19G9) described in cellularioid bryozoans in-
cluding Bugula, cyst-like structures that contained apparent
bacteria. Such cysts have never heeneharacterizedaultrastruct-
urally but I suzgest that structures assumed to be brown bod- -

ies in some cellularicide may be the remains of funicnlgr bodies.
1
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"4,75 Some éltrnstruetural-ﬁappcts‘og regregsioi
3 Repression of polypide cells i§ comparahle to
that of leucocytes described by Bessis (1964), During the
‘phase of heqﬁh agony polypide cells exhibit incipient vacu-
olatign of the perinucléar space and v;siculatgon of endo-
plasmic cisternae. Mitochondrial mémbrnne§ frequently becoue

irregular, Loose cells develop slhiort,ghlunt pseudopodia,

These features tend to be enhanced dug‘ng ?ecrosis of dead
cells, as well as nuclear pyknosis and\k '&orrhexis and for— .
mation of myelin firures. ) .

Manasek (1969) has reported comparable changes huriug
death andd?ecrosis of myocardial celis, including cells bréﬁk-
ing free from neighbours, liberation of ribosomes, occasional
occurrence of g%ycogen, en%argement of peﬁipuéiear cisterns
and nuclear pyknosis, all of which were encountered in Crypto-
sula, Some of these features of regresslon and resjdual body
formation scem to he universal in a"exng or pathological tia—
sues and have bheen reported by numerous authors from a variety
of organisms under different circumstances e.g. in regressing
Campanularia hydranths (rock, 1970), cdcknpach prothoracic
gland durini neﬁpmnrphosis (Scharrer, 196G), amphibian intes-
tine during. metamorphosis (llourdry, 1971),. anuran exocrine
pancreas during hibernation (Geuze, 1970), ageing plant cells.
(Berjak & Villiers, 1970) and.crab androgenous gland (Payen,
1972), Mitochondrial changes in Cryptosula were variable -
either mitgzhondriu maintain a 'normal'-looking appearance
for some time after regression or show slight roundedness and

decreased matrix density. Mitochondrial oedema has becn cited

B}
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as a feature®of cell regression by Bessis (1964), David
(1970) and Payen (1972) although Bonneville (1963) reported
no marked change during regression ofhggt cells during bull-
frog netumorphosis. Enhancement of oedcmn can be induced in
Cryptosula by imprecise fixation, so one must be careful in
interpreting regressing cells., Oedema of endoplasmic cister-—
nae is common in regressing or malfunctionihg tissues and has

bl

been reported by numerous authors (Uavid, 1970:79) and by .
Geuze (1970) ‘in ;nvoluting anuran pancreag;?{cells.

The behaviour of tentacle epithelial’ cells as amoebo- v
cytes in Crxutosula (during regression.is comparable to Campan
ularia hydrunths where epithello-muscular cells may engulf
" others (Brock, 1970:fig 14~ Brock's interq;?tation is different,
. however), Cell destruction in an{mal*tissues is generally self-
coniained within parent cell membranes ér thoée of neighbouring
cells should the former be pharocytosed, This is the case in
C tosula, particularly in the stomach and, together with the
persistence of the basal 1am1na, accounts for the compactness
of the regressing stomach. The lophophoreiéiSSues, on the other -
hand, ajpear more disoryganized and while-some of the debris in
the center of the regressing mass hay be derived from herniated

wa

cells, some of this is phagocyt*scd hy others.

i . 4,76 The fate of the brown bedy '
?ge historical di;covéries of the fate of the

brown body have been cpvered in the introduction to this sec~ -

tion, Smitt (1864) first illustrated the untake of the brown

body in Cryptosula into the caccum of a new poiypide but he

interpreted the brown hody as a)germ capsule from which the
- ~—

v
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n;w polypide arose,.. Next, Repiachoff (1876) described this
ﬁéhcesagulgain in Cryptosula, correctly interpreting what he '
aaw.iﬂs I‘uenﬁioned previocusly, éari& workers speculated on
whether the residuc of the old polypide could contribute to
the development of the new, In a prcviouﬁsection it ;as shown
that the pigmepted. inclusions which accumulate in the stomach
wvall are classifiable as lipofuscin. is these inclusions a;;
cumulate in the old polypide their staimability and fluorescence
diminish anh disappear, Residual bhodies are considered to be
totally ioert (Coln & Fe.lorko, 31969) and it is unlikely that
they are further dlgested in the zut of the new polypide. is
seen in,figure 51, however, there may still be some uembrnnous
structures remaining-in the brown body at the time of incorp—
oration and it is feasible that thesc and some of the cells
from thg rezressed lophophore A;e digestible, Revolution of
the brown body in the pylorus fragﬁénts the residues allowing
greater possibility for ahsorption of digestible snbstances.,
The new‘pnlypido bud in Cryptosula-does not become evi-

_dent until some time during advanced regression, but the pri-

mordium of %he~gut ﬂas started prolifersting by tike regression
is more or less complete such that envelapment of the brown )
body by the developing caecum can take place. Marcus (1926)
also obaerved that the neolypide bud appears in Electra pilosa
betore regression is complete, while Gerwerzhagen (1913) for
Carbusea«carbasea and Hatricon (1960) for Alcyonidium polyou

observeﬂ that the rew bud is evident from the start of poly~
plide regression, )
- The'?hteraction betwcen dead and living tissues is not

”
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. Figufé 51. Fate of the brown body: Section of piurt of a

4

brown body in the process of being enveloped

.y

by a new polypide., The interface hetween a brown
body and the/differentiating rut anlage (ga) is

a structureless, matrix, Yithin the brown hody

residue some wmembranes are still present, *
x 28,400 (scale llum). . g
w ) ~
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clear (Majno, 1964) but in bryozoans it secms that the en-
velopment q? the br;wn body by the developing caecum is in-
-duced by iis merely 'being in the way' as it vere, Bronstein
i (1938) determined that it is the absence of a polypide from
the body cavity that initiates the formation of a new one,
‘rather than a necrohormone fro; the reéidue, suggesting that
, the polypide exerts an inhibitory effect (hormonal?) on the
proliferating tissues of the cystid. )

During regression, nassive‘amounts of glycogen may oc-
cur in mescnchymal cells, sometimes around the regressing pol-h
ypide or at diﬁtanc;s from it. Glycogen is known to one of the
storage products of metabolism in bryozoans lﬁie§; 19363 Bobin
& Prenant, 1972). Bohin & Prenant described anastomosing clus-—

a ters of 'glycogen cells’ which are common at hudding sites and
caﬁ occur during the life of the polypide but are raré‘or ab=-
sent in degenerated zooids. In Cryptosula the massive loads
of glycogenntgt’uay he found‘dqring regression do not scem to
persist and there was never any associated with the fully-form-
ed brown body. The glycogen deposits should predictably serve
as an energy supply for a sinultaneéusly developing polypide,

4,77 Distribution of cyclic regression and regeneration
This geetion has bheen concerned w%th the regres-
sion phenomenon as it occurs in bryozoans.of the class Gymno—
laemata. Rerression occurs in'the two remaining classes Steno-
"laemata (Ellis, 1755; Harmer, 1898) and Phylactolaemata (Mar-
cw§, 1934) although brown bodieés are definitely known to~occ;r
only in the former (but sece llarmer, 1931:147). Presumed b;own

bodies have also been reportedafron fosgil stenolacmates of the
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order Trepostowmata (ﬂoarQakﬁ, 1971).

‘ Awonis entoprocts the calyx is perlodically shed‘und
reneved and Harmer (1887) sav in this a parallel to regres-’
sion and regaueration in bryozoans. Prouho (1892), however,
argued cogently against this point of view, with the facts
that the entoproct calyx is not equivalent to a bryozoan
zooid, guts are not replaced, and entoprgcts possess proto-
n;phridia (if lack of excretbry orgons is a reason for re-
gression). Furthermore, the gntoproct larvn does not typic-
ally lose its gut during -etamo;phosis (sece also Nielsen,
,1971) whereas cyphoﬂautes' gut regresses. The residues of
the larval put in bryozoans is taken into the gut of the an~
cestrular polypide, foreshadowing later events (sce also Re—~
piachoff, 1875). Prouho is correct in being wary of carrying
homologies too far. The great similarities in cyclic regres-
sion and regeneration that exist in differcnt phyla is almost
ceriainly related to the colonial way of life, if for no other
reason, In some hryozbans whole zo:;ds ’aif drop off ;atter pol-
ypidc regression e.g. Triticella (Sars, 1874) and Mimosella
(Banta, 1968). Similarly, Campapularia hydranths are period-
ically shed and regenerated FCrowell, 1953)« 'Urown bodies'

have also heen described from the hemichordate Rhabdopleura

(Stebbing, 1970) in which polypide dcgeneration occurs in res-
ponse to emhryoégenesis and suboptimal water conditions., In some
ascidians e.g. Perophora, zooids resress into a stolon from
which a new zooid subsequently arises (Barth & Barth, 1966),
The only common feature of all these animals is their small,

>

sessile, colonial nature. *

't
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4,78 Cause and cffect of brown body formation -

. VWhat induces- brown body formation? As seen al-
ready in the introduction, it is induced by a range of ad-
verse environmental factors and sometimes embryogenesis, but
in th; absence&of these factors it seems inescapable that thci
accumulation of residuval material in the stomach wall is the
prime cause, In a previous section I have relatgﬂ the form
and function «of the bryozoan caecum to the molluscan digest+
ive gland and arthropod hepatopancreas, In the forpcr, diges=
tive and secretory cells accumulate residual materialmas in
Cryptosula and regress. The important difference, however,'is
that as digestlve gland cells are lost, others replace then,
There is no such cell replacement in Cryptosula,. Thus in bryo-
zoans, when the stomach cells become so full of residual mater-
ial théi\are no longer capable of‘absorption (e.g. of stains,
Harmer, 1931), the whole stomach degencerotes, It is interest-
ing that actual regzression should start in the 1ophoph6re
(Marcus, 1934) whose cells are not full of residual bodies.,

Beginning with Ostroumoff (1866) brown body formation
was thought to b;‘an excretory phenomenon associated with the
lack of excretory organs., Marcus (1926) thoyght the brown body
was toxic and comparable to *uric deposits' in cyclopoids. Cori
(1941) attributed degeneration to 'toxic nitrogenous suﬁgfhnces’
‘ that accumulate in the rut, liowever, there is not, in Crypto-
sula any deposition of uric acid or guanine such as is said to
occur in the 'hepatic' part of the sto;ach in entaprocts (Peck-

er, 1938), and as I have shown, the cumulative substances are

?
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residual bodies whose contents (in ;ny tissne) are said to
‘be inert (Cohn & Fedorko, 1969) and therefore non-toxic.
Furthermore, as CaIVeg (1900) observed, since browd hodies
are not always eliminated froma zmooid, excretion cannot e
the prime functidﬁtot the regression-regeneration cycles,
larmer*s '(1891) experi;leht's: with various biological
ntai;st which weré said to indicate an excretory échtion of
the gut walgs, leucocyteéﬁand runiculns, inv&lvgd suspensions
of dyes in seawater. Since incorporation of particles or mol-
ecules into the stomach cells wouid involve an éndocytotic“
action similar to normal absorption of food material, it is
'not necessary tb attribute this to excretion, The uptake of
dyes by 'lencocytes' and fhnicula; cells could be recarded as
Jexcretory' perhaps, or a micr&im&Lnological'fesponse to for—
eign molequles. . ) ’
While lack of cell repiacement in the stomach may be
, one of the“rgasons for ?he demise of the QZIypide it is worth
considering that we arc dealing withz:colonia; animal, Polypide
regresaio; and renewal may he arﬁanifestation of zrowth in a
colonial unit which cannot incrc}ase in overall dimensions, Since
there is a wmaximum size imposed on zooid;, it would bé unfav-
curahle to the life of the c&lony as a whole if, the stowach
;having accumulated residual material, the polgpide were to die
with no subsequent regeneration., This would lead, ip the case
of incrusting colonies, to a huge central dead area with a con-
tinually thinning band of live rooids at the periphery. It is
therefore in ihe interest of the colony to replace polypides ;

after regression,

4
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In this regard, a consideration of regression cycles

in other orzunisms is of ‘some relevance. Crowell (1953), in

hd L

diacdssing such cycles in Campanularia hydranths wondered if

this was analogous to brown body formation in brypzoans) Cam-
- panularia hydranths live for a mean life-span of seven~days. :
N Products’ of regression are removed into the rest of the col-
ony and the hydrotheca drops off. A new hydranth grows frome
the old pedicel. The feeding members of a colony are always
youthtul, dbd4ﬁhis phenowenon was therefore thought to be r
juéénatory. As in bryozoans, regression could be induced by
suhggg{?al phy51ca1 conditions but in their absence the occur—
rence of regression is nonetheless fixed. In more recent work -~
on Campanularia Toth (1969) determined that repcated damage‘
. \ to, and regeneration of, the pedicel of isolated hﬁ’ anths
extended their 1{ffe-span to twenty days, and cnnclude that
= tissue da-agenahd reorganization function to maintain ;he hy~-
dranth, Data such as these carried over to Bryozoa uouid seem
. to strengthen the idea that repeated regression and regenerae
ti?q are rejuvcenatory for the zooid as a whole, implying that
the lifespan of a zooid is likely to be extended further through
these cycles, than if stomach cells were replaced and the pol-
"ypide were merely capable of living Yonger. The accumulation
° of residue in the stomach should serve as a trigger for regres—
sion in the absence of,provocativg‘cxiefnal stimnli or the onset
_ of embryogenesis, I conclude that grown body formation is nmot an
sxcretory phenowmenon but is rejuvenatory, serétng to extend the

life-span of a ?ooid,und therefore the colony,
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4,8 Summary “

.

\ ¥ N ,
The ultrastructural features of regressing poly-

pides and brown bodies in a bryozoan are described’ for the

first time, These features are as follows.

a,. Ce%ls'oz the lophophore move°;iart from each other and some

"of thé ciliated epithelial cells appear to hehave as amoe-
bocytes. Cilia are cither sloughed off or completelxqreébrbed.

b. The regressing lophophore condenses by autoghagr, heterophagyJ
and concomitant cell movement.

c. Ne¢rosis of lophophore cell§ is marked by liberation of ri-
hosomes as-endoplasmic’cisternae vacuolate, nuclei become ,4
homogeneous in content or fhere is clumping of chromatin re-
sulting in pyknosis and karyorrhexis,. .Some cells herniate,

d. Nuscle becomes balled-up and is ingested hy macrophages of
unknown origin, Within the macﬁbphages mascle filahents arce
often transformed into paracrystalline gﬁ;ays such as ‘have
heen desg;ieed for entoprocts,

*

e, The 3 h regresses as a unit and remains bounded by the
basal lamina while condensing by autophagy and heterophagy. 7

f. Orown bodies are formed predgeé#gg?}y from the regre?sed
stomach and comprise large cellsﬁgﬂﬂtniqing residue in o
homopgeneous m§trix. -

g+ Glycogen accumulates under the floor of the comyensgtién ;ae
ahd in the mesenchymé during regression but is absent from

around the fully-formed brown hody,

=

he Reproductive activity has no effect on the state of the pol-
ypide in Cryptosula, beinz in no way a contributing factop

to regression,
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®

i, Brown body formation in Cryptosula is not an excretory
*  phenomenon, Its functional significance seems to besthat
of rejuvenation, serving to extend the lifespanzof each

- zooid and thereby the whole colony.
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