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collected from P~ssamaquody Bay" New Brunswick. Once . 
transported to Montréal, Q~ébec, the sponges were fixed and 

,.. embedded in paraffin for light microscopy and the cells were 

chemically dissociated, fixed and imbedded in Spurr resin for 
b 

transmh»-s'ion elect'ron microscopy. Based upon the presence or 
~ 

absence of a nucleolus, the types of cytoplasmic inclusions 

and cell size examined, seven cell types are fdund in aIl 
r-

specimens sampled: a:cheocytes, choanocytes, pinacocytes, ~ 

"' sclerocytes, spongocytes, granular éells and spherulous 

cells. The dimension of each cell, nuclei, nucleoli and 

cytoplasmic inclusions are measured and am:dysed 

statlstically. The characteristics and possible function of 

the cell types are discussed. oThe isolation of archeocytes < 
, 

with four Ficoll gradients proved to be unsuccessfull. Cells 

with vad.Qus inclusions wer~ precipitated with the 

archeocytes when centrifuged. 
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marine HII1Jc:lona -,oeul.t. ont 

été récoltés dans la Baie- de Passam~quody au Nouveau 

Brunswick .. Une fois tra~portées à Montréal, Québec, les 
. 

éponges ont été fixées et enrobées de paraffine pour être 

examinées auC> microsçop~ et les cellules ont été dissociées 
1 ( 
, 

j 
/ 

dans une\ solution chimique et elles ont été fixées puis _ 
\ 

enrobées dé résine Spurr pour observations au microscope 

e. D'après la présence 9u l'absence d'un 
, 

nucléole, les types d'inclusions cytoplasmiques ,et les 

dimensions ellulaires, sept types de cellules sont trouvés 
~ 

dans, tous les spéc imens échant i llonnés: archéocytes, " 
• 

cchoanocytes, pinacocytes, sclerocytes, spongo~ytes, èellules 
~ 

granuleuses et 'cellules spheruleuses. Les dimensions de 

chaque ce lule, nucleus, nucléolus et inclusions 

cytoplasmiqu s sont mesurées pour analyse statistique. Les 

caractéristiques et fonc~ion possible des types cellu~aires 
1 

, , 

sont discutées. L'isolation d'archl,éocytes utilisant quatres 
1 

gradients / de Ficoll a été f!!ssayée sans succès. Diverses 

cellules à inc.lusions ont été prêc ipi tées avec les , 

archéocytes lors de la- centrifugation. 
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\ X NTRODUCTI ON 

1 

spon~~~re considered to be the most primitive metazoans 

(HY~~40). 'The general b,iol09Y of '·.ponges i. for the Dlost 

,par weIl documented. However, much research remains' tOI be 

don thè cytology of sponges in order to elucidate the 

several cell types. Such research could help to 

he classification of sponges which relies mainly on 

the ent, size and arrangement of spicules and spongin. 

Hartman (1958) has shown that the latter two criteria vary 

significantly within the species he examined. Simpson (1968b) 

has used the presence of special cell types in the 

distinction of ~~milar sponge species. Knowledge of the cell 

population may'also help establish phylogenetic relationships 

between different·sponge~ 
. , 

Wilsop (1907) first attracted the ~nterest of researchers 

on~the cytology of sponges when he discovered that marine 

sponge cells, dissociated by pressing a piece of spoAge 

through a bolting cloth, ~eag9re~ated to form a funetional 
4 

sponge. He also noted that when the cells of two different 

sponge specie's were mixed, the cells segregate'd into theit"c 

respective species before they reag9regated. Although Curtis 

(1962) observed some non-specificitY,between certain sponge 
\ 

species,' strain specifici ty was demonstrated by Van de Vyver 
-

(197~) in fresh water sponges. The presence of a specifie 

899regation factor was examined by Hump~reys (1963) and 

( ", \ . 1 ~, ' 

", 

" 
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Moscona (1963). They, 'shoved that this factor was released in 

the absence of calcium and.magnesium in • the culture medium. 

Subsequent research identified the ultrastructure of the 

aggregation factor as a sunburst structure of high molecular 

weight (see Henkart et al, 1973 and Müller and Zahn, 1973) • 
. 

Lowenstein (1967) demonstrated the importance of such an 

aggregation factor as weIl as the presence of calcium and 

magnesium in cell communication. 

Since wilson's initial observations, the i~entific~tion 

of cell types has led to some conflicting resultd. The sponge 

specimens used in several studies were often in the form of 

rejuvenating explants or cell aggregates. Certain cell types 

identified in such material showed different characteristics 

from similar cell types observed in adu1t specimens (Simpson, 

1968b). In addition, there is no consensus'on the number of 

cell ,types generally present in vario\,ls adult sponges. Many 

cells 'vith inclusions hâve ambiguous functions 

relationships vith respect to the stem çell: the' archeocyte. 

-,-
Research by Borojovic (1966) has shown that archeocytes, 

" as vide1y hypothesized prevlously, are totipotent and can 

differentiate into other cell types necessary in the 

formation of a functional sponge. His'observations also 

suggeste'd that the diflerentiation was irreversible. The 
• 

material ~d in his research vas taken from larvae, 

therefore' the arch~ocytes examined vere true embryonic cells. ~ 
j 

1 
J 
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T ere vas no direct evidence aa yet of the totipo~ency 'of, . 
,. • 'Ii,. , ',. 

rc~eocytes from an a~ult sponge •. De ,~utte'r and. \.~ ~e Vyvei 

(1979) successfully isolated aréheQcytes from a fresh vater ~ 
1 .. 
/ 
, sponge and demonstrated their capaéity to differen~iate into 

a functional sponge. Their research presented direct evidence 
. 

of the totipotency of archeo~ytes but the sponges used in 
~ 

their study vere °grovn from gemmules and vere on1y one veek 

old. Theref~re, t~ey may not 

sponges. 

~ . 

have been fully developed adult r 

The objectives of the reséarih reported here vere: 1) to 

'identify each cell type of an adult sponge vith the use of 

electron microscopy observations 'and ultrastructural 

measurement.s;, 2) to compare the results obtained vith 
1 • 

previous ~bservations to determine the possible function of 

each celi type; 3) to att-empt isolation of archeocytes from: 

other ~èll types to de~onstrate directIy theif tot~P.Otency. 

, . 
The nort~ demospon9~aljclon. oculata (Pallas, 

1766 and Grant, 1841; in HartlDfn, 1958) ~as chosen for 
! 

investigation oni the basis of its avaiIibility and its 
1 ~ 

an experimental/animal in cell aggregation studies~':;'::';-' 
1 

J 
\.. . 
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BalJclou oculata s~~'rinéns 'dwH'e 

and August 1984. They vere dredged 

. ,.. 
èu).11"cte4 .ifl, Ap,ril, ;~~\l~ .. :.~" . ...,.' . 

~ '. , 
in the vicinity. o~ Deer 

Island. (45' lat. N, 67' long. W)i at the mouth of 

Passamaquody Bay, New Brunswick, Canada. Two sponges were 

sampled and fixed in epoxy as outlined below at Huntsman 

Marine Laboratory, St-Andrews, N.B. for controls. Selected 

healthy specimens were transported by air to Montréal, 

Québec, ~n plastic bags fille~~ with oXY9.en~ted sea water 
4 

which vere ~ept in an ice-filled styrofoam cooler. At McGill 

University, the sponges vere transfered to a closed aquarium 

filled with artificial sea water (Humphreys, 1963: NaCI, 
~ 

24.7; KCl, 0.7; CaÇ1zl 1.0; MgCl z1 4.7; Mg$O .. , 6.3; NaHCO, , 
(J!; 

0.18 gr/l H2 O, pH 7.2) at constant temperature of 4°C. They 

..remained healthy for 1 to 3 weeks after vhieh they rapidly 

decayed. AIl histologie procedures vere carried out within a 

week of the shipment. ~he health of ,the sponges and their 

water filtering capacity vere" assessed by the presence of a 

pinacocyte or dermal layer and the presence of flagellated 

chambers vhen inspected under light microscopy. 

Al specimens vere identified by spicule analysis. Sponge 

tissue was dissolved in ,nitric acid and the remaining 

'spicul s vere w'ashed and placed' in a grided petri dish. The 

length and vidth of spicules vere measured' under an Olympus' 

compound microscope vith an ocular micrometer' accurate to 

• 

~---------~--------.. ~ 
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Sections of 2 cm 1ength from br~nches of specimens , 

èo11ected in August were fixed for l hour with 3.5% 

glutaraldehyde in 0.4M NaCl and O.lM sodium' Càc'odylate (pH 

7.4) at room temperature (Reed and C10ney, 1979; modified). 
1 

The fixed branches were twice rinsed for 15 minutes 'in O.2M 
.. '"!> 

sodium cacodylate buffer, dehydrated in an a1cohol se~ies, 
..., 

c1ea~ed in xy1ene and embedded in paraffine Sections of the 
~ 

sponge staI~ were àlso fixed and embedded~ 

The paraffin b10cks were sectioned on a microtome with a 

disposab1e meta1 razor blade. The 10~m sections were mounted 

on glass slides and were stained' with Delafield's hematoxylin 

fQr gene~al celi features, Best's carmine stain (Pearse, 

1968) for glycogen, Schiff's periodic acid test (Pearsé, 
-" 

~1968) for mucosubstances, and- PAS-Alcian b1ue (Pearse, 1968) 
~ 

for differentiation of acid 'and basic mucopolysaccharides. 

The sections were examin~d by light microscopy under oi1 

immersion objeètive. 

Two ce1l populations were samp1ed from each of two 

healthy sponges col1ected in April, June and August. The 
1 . . 

cells were chemically dissociated accordin9 to the procedure 

of Humphreys~t al (1960) and Humphreys (1963). Two 9tamS of 

b10tted spo~ge tissue were immersed in 80 ml of calcium-

magnesium-free 8 .. rtificial sea water (CMF-SW) at 

r 
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(Humphreys, 1963: NaCl, 27.0; RCl, 0.8; Na2S~., 1.0; NaHCO" 
\ 

0.18 gr/l HaO, pH 7.2). The tissue was cut into 2mm' pieces, 

soaked for 30 
1 

""- ' 
minutes in CMF-SW and squeezed through a 25~m 

t 
~esh plankton netting into 80 ml of fresh cold CMF-SW. The \ 

resulting suspension was centrifuged for 2 min at 10CO rpm in 

an IEC-7 centrifuge. The cell pellets' were resuspended -in 

fresh, cold CMF-SW and ~ajusted to a co~centration of 

approximately 10', ~ells/ml (estimated with a hemacyto~eter 

I\>chamber) • 

A 3 ml sample of the cell suspension was diluted to 15 ml 
, 
with CMF-SW and centrifuged for 2 minutes at 1000 rpm. The 

, 

cell pellets were fixed for 1 hour with 3.5% glutaraldehyde' 

in 0.4~ NaCL and O.lM sodium cacodylate buffer (pH 7.4) at 

room temperature. They were twice rinsed for 15 minutes in a 

0.2M soltltion of the bufter and then post-fixed for 1 hour 

using 1% osmium tetro~ 1.25% ~Odium bicarbonate at pH 

7.2. The cell pellets were finally dehydrated in an alcoho1 
\' ' 

serie~, cqeared in propylene oxide and embedded in Spurr 

(1969) . epoxy, resin: The blocks were cured for 8 hours in an 

oven at 60°C: .\ 
The~ blocks were, sectioneg at O.l~m on a Porter-Blum 

ultramicrotome MT-2B with either glass or diamond knife. The 

sections were floated'onto uncoated 400 mesh copper grids and 
~ 

stained for 45 minutes in saturated aqueous uranyl'acetate,at 

60°C and for 10 minutes in ~eynolds (1963) lead citrate at, 

" 

\ 

, , , 

1 
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room temperature. The sections were viewed and phot~gr&phe~ 

vith a Phillips 400 transmission electron microscope 
• 

operating at 80 Kv. 

/ 

TO( isolate archeocytes, the method of/de' Sutter and 

Buscema (1977) was employed. Sponge cells were first 

dissociated (Humphreys, 1963; modified). A 15 ml cell 

suspension was prepared as outlinèd above and it was agitated 

for 12 ~ours with a magnetic stirrer ln a 40 ml beaker kept 

at QOC.' Three ml of the ce~1 suspension were vigorously 

resuspended 15 times with a pasteur pipette into a test tube 

to break up remaining cell clumps resulting ... in a suspension 

of single cells (checked with a hemacytometer chamber). Cell 

permeability was tested with 1 ml of cell sample mixed in 3 
, , 

l ~ 

ml of saturated trypan blue. A monoi'onic polymer of- sucrose, 

Ficoll was purchased from Pharmacia. Gradients made with 

this product permit the separation of cells with different 

cell size when centrifuged. F~ur discontinuous Ficoll 
., 

gradients of 10, 8, 6 and'4% each made with 8 ml of cold 
. 

CMF-SW vere layered io succession in a 4'0 ml centrifuge tube. 

'~ A 1 ml cell sample was carefully pipetted on top of the 

gr,adien'ts. The suspension was centri fuged for 5 minutes at 

2000 rpm or 750 9 instead of 3000 g _ used by de Sutter and 

Buscema. The top gr~dients were removed and the entire 10% 
, 1 

fraction vas collected vith a pip~tte. The cells vere then 

vashe~ in artificial sea water, pelleted and fixed as 

outl~ned above. 

. , -. 

......... 1 

.(. ._--- -- ----~ ..-
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Cells photographed by electron microscopy and observed 

by light microscopy ,were categorized 'by the presence or 
\ 

absence of a nucleolus, cell size ~nd the presence and types 

of inclusions. The length and width of both cell and nucleus, 

the largest diameter of the nucleolus and the various 

cytoplasmic inclusions were recorded. If the nuclear membrane 

of a cell was cut obliquely, cell measurements were usually 

not recorded sin~ this indicated the cut was not in the~ 

mid-section of the nucleus. How~vèr, sorne spongocytes, 

granular cells and sp~er~lous cells were still measured 

without a mid-section eut through the nuc~eus to record the 

sii'e of theif inclusions. 
\ 

~ 

An elementary statistical table, a normal probability 

test, a general linear model test and a non-parametric 

analysis of variance were computed for ~~h cell variable 

using the Statistical Analysis Sy,stem (SAS) software package 

on McGill computer facilities • 

, . 

'. ' 
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OBSDvA'l'IOMS AI1D RBSUL'l'S 

) 

General Features of Haliclona oculata. 

/ 

1 
• t 

/ 
The specimens collected varied in gross morphology. ~S e 

had a few slender long branches while others had 
\1> 

thick ones (plate lA, left 20 right). Their color in he lthy , 

conditions varies from beige to brick red. The h althy 

~ponges sampled from April to August aIl contained active 

_cqoanocyte chambers and a continuous pinacocyte The . 
mean length and width of oxea and style spicules lB') 

f~om a typical specimen employed in 

table 1. The specimens 0 fixed and 

station included both whole'pieces 

this st~di are listed ln 
..) . 

embedded at the field 

of sponges ' s wéll as 

The cells in both ins show 
. 

isolaied cell samples. 

better preservation with the sponge kept in natural sea . " 
water. The cells fixed from specimens kept in artifi~ial sea , 

water exhibit most characteristics of their 
, 

type' but the Golgi bodies are lac king in 'some cells. 
~ 

cell 
" 

1 

Tab1e,l1 Spicule measurements of 102 oxeas and 13 styles 
one specimen. The mean and extremes are lisfed with 
standard deviafion in parentheses. Hartman (1958) 
measured oxeas from H.,oculata ~f the Bay of Fundy. 

from 
the 
ha~ , 

SPlCULB 
", 

LBNGTH WIDTH 

OUA 97.'-133.3-258.8~ - 3.9-9.7-12.8".. 
(:t20.6) (:t1.6) 

STYLB 168.3-191.'-209.6~ 8.9-10.2-11.8,..' 

OUA 103-128-1651&1D 7.3-10.1-12.8l1li 
(Hartman,1958) (:t13.') (:t1.3) 

0 
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Plate 'lAs Specimen's of "lIalJclolUl oc:ulata sho"ing 
variâtion in. gross morphology. 

Plate lB: Spicules from a typical specimen 
collected. Note the definit~ rounded end of the 
style • 
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1'hick. seè:t,iotll of whole bran,c~~s from speè imens collected 
,r, _ , '" 

;, '\ in A,~~~t· sbbv' larval deyelopmen.t to be widespread' . in 'both 
\ ;. 

, " 
, " ... 1 

.. : l , • II. , " \ • , • , 

• 1 

·1 
1 

.\ 

! 

" 

. \ 
~, 

" ' 

. 
" , 

, ' 

. : 
• . " 

, . 

.. 

, 
, 

," ~ , 
• , . . 

~- , 
" 

.":,. 

, ' 

, ~ . 

. l 
" 

.. s~cimens col1ec::.ted., ,~he stalks of a~l sponges collected 

pr~v/t ~o"b~ , devo:i~ .of· cell popu~at~ions, ;but 'they cCWlta.ined 
" ' , " l" " , ," ,. 

gemmule71 i-ke: spol)qin-boun~. bodies. 

, boai.s , " reveal that ,cell5 are 

Thick S'E!ctiOflS f{om these 

prese.nt but the sma-l1 dense 
'~ , ~ . , 

" , 

nucleus is-mas~eà' by 'many. - 'semi:-translucent 9ran~les .. 

~ells .e~é 'ri~t- ~nves.ti9~ted br .eie~ctron m,i~r~Sè~PY sinc!! . ' . 

The­

the 

dense, spongin ." .. \ 
hindered thi·n. section i:ng. l nc.übat ion for 

• L 

, " 
.... r • ~ 

'i 

.1 

~ - ":, . 
d,.Ys at. roàm' .t~mpër~tur~ of 10 isolated ,bodies 

"'". .... ~ 

dish~~ filled vith attifici~1 sea' vater 

in two' petri 

produced no 

dif
1
fetên'i1atipn o(the tïssue·.ithtn the' h6dies C?~ ha.tching. 
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'-. celj )yp!! Description: 
'~ 

~ ~ ~ 
1 

1. 

/' " , - , 
" , 

-~-- . l' 
o BaSêëron-èeifi'~ "'S:ize, 

1 . 
the pr.esenc~ of a nucleolus anq the 

, 'II, 

types of inclüsi9nS, the ·foll~wing cell ~ypes', ar'e de$cribed . , 
Brunswick as present in the 8., oculata. poPulation of Ne! .. , ... -

• 

archeooit~, 
• 

(table 2 ) : choànocytes, pinacocyt~s, 
o , 

sclerocytes, spoo'gocytes, 19ranula~ cells and SPh,~~.~ous 

cells. The cell termin~logy is taken from S'iJpson (l9,84)~ -
", 

~ ~ 1 

'l'able i2a General descr ipt ion of t'he cell ~ypes, of H. oculata. 
Mitochon.: mitochondri,a; R~R\ rough endoplasmic reticulum. 

, ,,' - . 

CBLL • 1 NOCLBOLUS I,INctUSIONS 1 MI 'l'OCHON. 1 aim '1 GOLGI . 

CHOANOCYTB 
l' 
1 

. 
manJ , 

present' laz;:ge" 
phagosofDeS 

~ r ....' 

, fe .. 
absez' small l' 

phagosomès 
"" 

~I~COCYTB absent 
fe .. -

large 
phagosomes 

.. 
SCLBRQCYTB pfesent 

l larg.e 
brittle 

inclusion 

• 
pres.nt, ,present preae,nt . 

. . '" 
, ~ J ." , , 1 

feV' fe. 0# absent 
, .' 

fev fe.. -pre'aen,t 
~ 

\ ' 
present ' ~re.ent p~é.ept . 

1 ~_ny , ,. . 
SP()HG9CYTB' Ml' be 1 S.ll pre •• nt '. ~ preseJlt. pr.~.n~ 

presént oinclusion~ 
\ 

, many 
granular \ 

inclusions 

many 
large 

inclusions 

11 no~ seen in this stuà! 

.... 

fev 

. " . 

rare 

. '. 

presènt 

rare 

i .... 
' .. 

pr,eaent 

'aba.nt·, 
_ 0 ' 

.. 
. , 

'.'''' . " .. '" 

,- .: 
, ' '- .' , 

. -' 

• 

( 

.. , . 

• 
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°S'taining' of Pareffin, Section~: 

The ~esûlts of the difterent st'ain~ng procedu-res o,n- thick 

1 
( 

, . ~ 
"'s'ection are list.ed in table 3. The.,hematoxy'lin stain provl'ded 

for general. ·cell shape and major organelle identificatiqn. 
, , 

c, Glycogen is' present in archeocytes, sèl~rocytes and in 
~ 

~spongocytts. Archeocyte~ a~ spongocytes have mucosu~stances 

in their c'ytoplasm. and sclèrocytes' .. have- little or none. , 
> 

Choanocytes +and pinacocytes have acid mucopolysaccharrides· 
..., • 1. 

while the mucopolYfoaccharides of a~cheo~ytes, sclerocytes~d-. 

spongoc~tes are basic. Decause o'f the' poor resolution of 

thick sect ions under oi l i.mmers ion, i t was not possi ble to 

differentiate between spongoFytes and granu'lar cells. 

Spherulous cells did not readily take up any of the stains. 

Table·31 Histochemical results. Gran. c.: granular·cell. 
- . 

\ CARMINE POR MOCOS~S'l'ANCBS AL~ÎAN BLOB POR 
STAIN 1 BBS'!" S 1 PAS l'OR PAS- . 

CBLt GtYCOGBN ' NUCOPOLYSACCHARIDBS 

ARCHBOCYTB 

CHOAlfOCY'1'B 

'-INACocm 

$CLBROCY'1'B 
1 

SPONGOC!'l'B 
(ORAN. C.) 
SIB°'l;U'1' 

+ 

+ 

+ 

:1: 

+ 

BASjC MOCOPOLY. 

ACID HDCOPOLY. 
1-

ACID MOCôPOLY. 

BASIC MuCOPOLY. 

BASIC MtJCOPOLY. 
~ 

"EUS
, l' ------------------------------------------~----~ 

) 
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. " 
Electron Miero.scopy: 

. , 
'!-"', 

All çell ' types described 'from e1ectron i.crographs are. 
a. , : "i 

.\ . 
, found ", simultaneously in è"ery spon9,e collect d during' the 

entire sample periode The'mean cell measurements are ~isted 
" 

in <~table '4. Sorne ce1ls could 1 not. be categor.ize because the 
!) < t P , 0 " 

1-

sectiQ~s l~cked nucleoli.and th~ir cytoplasms did not contain 
. , 

characteri'stlc fnclusions or ~acuolÊ~s. These' cells may be in 

'an 
•• 

unaifferen~iated state "'and 
~ 

wer~ not included in this 

study" 
, ' 

' .. , , 

Table '1 MeaJl' cel L mea suremen t s b,c.m). 1 Nue .1.: nuc leus length, 
nue.w.: nucleU91width, nucleo.: nuc~eolus, incl.: inclusions. 

, .. ,\ , , '!I ' 

'CBLLIDI MBNSI ON 1 LlNGTH 1 WID'l'H INOC.L.INUC.W" ~NOCLBO.I INCL. 
! 

• " " ARCHBOCrrB "12.1 1~.1 5 •• •• 8 ~ 1.8 . 1.8 
• 

CHOANOCYTB' , 6.6 5.5 2.5 2.2 X 1.0 . 
IiPINÀCOCYTB 13.4 11.2 4.6; , 3.9\ X 1.6 , 

1 , SCLBROCYTB . 13.6 10.8 5.,: ..5 1.8. 2.1. , . 
SPONGOC'fTB t l~.·O 9.6 '" 3.3 X 0.6 

'IV 

GRANOLAR c. 12.2 9~9 3.2 2.8 Z 1.0 
)', 0 

'; / 
' . ' 

S~OS c. 13.8 .. 11.8 3 .. 3.0 'Z 1.2/ 
. ~ 

~, 

'. 
~ 

, . ::' .. ' . 
" 

/ -', 

f . \ -, .. 
\, " 

.: l' , ~ (:. " l " , 
' ' .. Jo., ~ 

" ~, 

l, ' , • 
Q 

" 

'" ' .. .... " :,. 
" .', 1 . _/~ , 

/. 
0 

1 

41 
, \ ,/ '" .; 

, " ',~ r,~ 
,'! ;. -) ! • 

" 
1 

" 

! 
. 

.,' 
,\ '~ 

'l' i ) .. \ .. ~. 
1 : 'r~ 

' .\ , ~. ''0 ........ , ,J 
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The major distinction for,araheoeytes is the presence of 

a prominent nucleolus (plate fA,B>. Tbe cytoplasm is often 

-filled vith phagosomes'of other cells and cell debris though - , 

these vary greatly in number. The mitochondriél are 0.51'1D in 

,diameter 'or smaller, easily recognized by the ,characteristic 

lamellae. They' are numerous in archeocytes and have the same 

morphology in aIl cell types. The rough en~oplasmic' reticulum 

,(RER) in archeocytes as in other cell types is lined vith 

ribosomes on 

bo<n-e--S a ré 

the outer surfr~ce 'of the membrane. The Golgi 
1 

not weIl develop!ed having a f~w small saccules. 

Spongin "A" bundles are 
~ 

archeocytes (plate 2C,D). 

found in tpe cytoplasm of some 
li 

The fibrils vithin are 20nm in 

~iameter and they display an axial periodiclty of 

approximately 20nm. 

-" , 

Choanocytes ,ue r~cogniz~d by their small size, 

anucleolate nuc~ëus and flagellum where still intact (plate" 

3A-D)/. The nucleus is small and lined vith chromatin at its 

perip~ery although the chromatin some~imes forms a nucleolus • 
• 1 

A .few small inclusions. (cell deb~is?), mitochondrie and RER 

are pr~sent. The flagellum has small lateral projections of 
., 

: its m~mbrane\ and ·typical 9+2 microtubule arrangement (plate 

3D). It is surrounded by numerous microvill·i, of 0.11'11' in 

diameter (plate 3e). 

.. 

" 

; 

l 
1 
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Plate 2A: M!crograph of an i~cheocyte from a 
.sponge speClmen kept in artificial sea water 
showing the major cell organelles. n: nucleus, 
nl: nucleolus, p: phagosomes, m: mitochondria, 
rer: rough endoplasmic reticulum. . , 

Plate 2B: Archeocyte from a control cell sample 
of a sponge kept in natural sea water. Note the 
~ppearancé of the nucleus as compared to 2A; the 
cell organelles show better preservation. G: 
Golgi bodies. 

Plate 2C: Archeocyte 
bundle (sp A). 

containing a spongin- "A" 
1 

Plate 2D: High magnification of an isolated 
spongin "A" bundlF. Some axial periodicity i8 
visible (arrow). 
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Plate 3A: Micrograph Of a group of choanocytes 
(ch) which have r:etained their flaqella ,(fl)., 

, , 
Plate 3B: Single choanocyte ~at higher 
magnification showing the major cell organelles. 

\ 

Plate 3e: Apical end of ~ choanocyte with t~e 
basal part of the flagellum and some microvilli 
(mv) which form the collar. -The inclusion' (i) 
appears phagosome-like. 

Plate 3D: High magnification of a flagellum 
showing the two central microtubules (mt) and 
small membrane projection (arrow). 
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"( The pinacoéytes are 

species. Thei r cytoplasm 

vacuples and few if any phagosomes although m~ltivesicular ----bodies are regularly found (plate 4A,B) and mitochondria and 
{ 

RER are present. Golgi bodies are prominent only in the 

control samples (plate 4C) where,t~e cells display a long and 
/ 

flattened shape (plate 4D) and are not dissociated from th~ 1 

skeleton. 

Sclerocytes 
,. 

çesemble. archeocytes in that they share a 

prominant nucleolus and similar cell dimensions (plate SA). 
jy 

However, they contain very few phagosomes, their cytoplasm is 

more vacuolated and each has one' or more large vacuole~ 

containing electron opaque, brittle material of~n in tne 

form of a small spicule (plate 5B,C,D). Mitochondria and RER. 

are present. The- Golgi body is po~rly dev~loped. 

The spongocytes are recognizable by the presence of 

uni form ~clus iohs, O. 6"m in mean diameter, fil! i"'g the 

cytoplasm oPlate 6A,B). These inclusions are membrane bound 

and OSmi9Philic. At high magn~fication t~y app~ar regula~ly 

banded (plate 6e), the width of each band being 7nm with a 

more pronounced band at 28nm intervals. The nucleus is 
, 

sometimes nucleolate, mitochondria are present and the rough 

endoplasmic reticulum is abundant throughout the cytoplasm. A 

Golgi body is present in the cells fixed at the field 

station(plate 60). Smal1 bun~les of spongin wA w are a1so 
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Plate 4A: Micrograph of a 
anucleolate ftucleus, phagosomes 
bodies (mv r~ 

pinacocyte .ith 
and multivescular 

Plate 4B: Pinacocyte with 
presen~ in the cytoplasm. 
cytoplasm in 4A ànd 4B. 

multivesicular bodies 
Note the vacuolated 

Plate 4C: pinacocyte from a control sample of an 
intact sponge branch. The Golgi bodies are well 
developeq and the cell shape is elongate. 

Plate 40: Long cytoplasmic extensions of 
pinacocytes from a control sample making intimate 
contact with adjacent cells (arrows)~ 
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"Plate 51.-, Micrograph 
nucleolated nucleus, 
many 5mall vacuoles 
phagosomes. 

.' 

" . , . 
• , # 

1 .. ~ 

" , 

of a aclerocyte shoving a 
brittle material (s) and 
(v). Note the lack . of' 

Plate SB: Sclerocyte vith a vacuole containing 
spicule-like, brittle material. The nucléol~s is 
not seen in, this micrograph~ 

Plate SC:' High magnifi~ation of an inclusion 
vi thin the vacuole of a 5clerocyte. Some vacuoles' 
containè_d a single spicule-like inclusion bu.t 
most sclerocyt~. vacuoles ex~mined contained many 
fragment·s. 

'. ' 

-Plate SD: High magnification of an inclusion 
,vithin the vacuole of a sclerocyte. 
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Plate 6AI Mic:rograph of • a Spo~oèyte contai'ning a 
io nuc:leolate nu~leus and many' small' oS,miôphil,ic 

inclusions (i) 

~l~te 6B: Spongocy.te f illed wi th 
inclusion$. ,The cytoplasm has ,m,ny 
and thel

' rough. endoplasmic ret icul!um 
throughout. ~ .. , ' 

osmiophilic 
mi tocho~dr ia 
. ii; abundant;, 

1 

d f 

,,~late 6e:' !ligh magni'fi~atioh of ,a \ spongocyte 
incfusion. ~ Each '1 ight- and dark ,bahd i s 
approxima'tely 7.nm in' width. The ·dark .bandS are 

" ,. 

~ . 

" , 
,', 

~ 
~ 

.. , .. 
, 
t 

" 

i • 

morè prooounced, at 2,Snm rntervals.:" , -
\ 

Plate .60: spongocyte', trom a c~ntrol •. cell sa\llple: 
In this 'mic'rograph, the inclusi~ns 'are' very light 
in cpntr~st and SOl}le' Qan-ding is 'vi-sible (arrows). 

, . , 

- '-Plate 6E: High . magnf ication of t a spongin , "A" 
buqdle 'amiast the spongin "B'" inèlusions of '8 
spongocyte. {: 
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found ill;->the cytoplasm of sorne spongocytes, (pla te 6E). 

The granular eells are similar to ~pongocytes. Their 

inclusions, not as electron dense as those in the 

spongocytes, are larger with a mean diij.meter of 1. ° "m, (plate ,'" 

7A,C). J'.t l}igh o-magnification the dense 'material in, some 
, 

inclusions is also seen to be regularly banded ~plate 7B). 

The width of each band is approximately 3nm 'wi th sorne larger 

bands of 7nm. A nuel~olus is rarely found. Sorne m1toehondtia 

and RER are' present. Free ribosomes are particu1arly 

abundant (plate 7C,P) and a Golgi body is present on1y in 

cel~s f ixed in the field (plate 7C) which 
\ . 

also contain many 

1~rge vacuoles. 

" 
\... 

The spherulous cells are typieally filled with large 

sp~erules (p~te 8A,C~. The spherules (mean diameter: ~.2"m) 
r 

conta in li t tle material and are ,electron translucent. ,Some 

have" small dense granules within them. At high magnification ' 

thes~ <;Jranules reveal a regular banding of 7nm in band width 

(plate BB;D). Other spherules contain fibrils of 7nm in 

diameter aiigned in t.he fot",m of a ~ crystalline body with a 

,diamond shape (plate 9A). < 'Som~ crystall ine bodies exhibi t 

staggered edge,layer~ sU9gesting growtn by'regular aecretion 

to the lattiee (plate 9B,C). A nue leolus i s rarely present. 

A few mi toehondr ia and RER are found -bu~ no 9~19i . body has 
. 

been detected. T.fÇe conf iguration of spherulous cells is. the 
\ . 

, 
least altered by the artificial sea water 

, . 

l 
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Plate 7A:' Microgr~ph of a granular cel l, kept in 
artLficial sea water.. Besides' the granules; 
there is a lack of cell organèlles; ~he nucleus 
in .this instance was not seetioned and only a few 
mi toehondr ia and ribosomes' (r ~ are apparent. ' . , , 

. , 

Plate 7B:' High magnifieation,of a granule from a 
· 'cell kept in artificial sea water •.. The reg.ular, 

banding visible in many , of these inclusions- also 
forms into ring patterns ,(arrç>w)_ " . , .. 
Plate 7C: Granulai:", cell from a cont.rol cell 
sample~ The inclusions here are of the,same size 
as in 7A bu't mueh more opaque. A nucleus, Golgi '. 
bodies and ribosome~re clearly visible as are 
large vaeuol'es which . açm-etimes al ter the. cell 
s1?-ape. 

1 ~ .... .. 1 

Plpte 7D: High Inaqn'ifieation ~'f a smâll inclusion 
from,_a granular- ,cell kept ~n natural sea water •. ' 
The banding of' the dense,' material la 'AOt regular 
bùt appears f ibrilar:' in)Ïlatur~., The r iboSOQléS a,re 

r l ightly visible due to the, high electron. densi t'y 
req~ired to' take suc.tt .. micro.g,raph~.~· ," ,. 
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Plate BA: Micrograph' of a spherulous cell 
containing" a vdriety of inclusions. Most' 
spherulés (!K>' ,have some dense mater ial vi thÏ'n 
them and there are smaller ihclusions present as 

-- weIl (arrov). 

Plate SB: High magnification Ôf .the small 
.inclusion in BA. A regular banding is vis~ble 
much as in the spongoèyte inclusiorts. 

Plate BC: Spherulous cell' with different 
inclusions and spherules. One of the-inclu9ions 
(arrow) appears like a spongocyte inclusion. ( 

~ . 
Plate 80: High magnification of the in~lusion in 
BC. The banding pattern closely resemble that of 
a spongocyte inclusion. 
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Plate 9À l Micrograph of a spherulous 
d~mond-shaped sections of crystalline 
vithin some spherules (~rrow). 

- ' 

cell with 
inclusions 

Plate 9B: High magnifieation of the spherule in 
9A. The diamond-shaped inclusion is made of a 
crystalline array.of fibril-like material ali9ned 
at two different angles. Each fibril measures 7pm 
in diameter. g -' 

Plate 9C: High magnificat ion of ~ spherule from a 
spherulous cell kept in natural sea water. The 

. pattern o~ the inclusion within the spherule is 
identical to that of cells kept in artificial sea 
vater (9A , B). 
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Plate lOA: One of two large inclusions found in a 
specimen coll.ected in August. The inclusions were 
not surrounded by any other cell ~embrane. Many 
small bodies fill the inclusion. 

" 
Plate lOB: High magnificat ion of the small bodies 
within the inclusion in 10A. Some bodies appear 
hollow while others are elect!on-opaque. 

Plate 10C: Micrograph of a spongin "B" fragment 
in a cell sample. Long uniform fibers as well as 
branching fibers (this micrograph) were observed._ 

Plate 100: High magnification 
fragment in 10C. No 'regular 
periodicity is di~cernable. 

of the spongin "B" 
banding or axial 

. . 
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Tvo large round 0 inclusions fil.led with what may be 

microtubule-like bodies were found in one of the specimens 

collected in August (plate IOA). The inclusions measured 

12'.5I'm in diameter and the small bodies were 68nm in diameter 
1 

(plate lOB). As will be discussed below, these inclusions ,may 

represent evidence of a rare globoferous cell type in thi.s 

species. Some spongin "B" fragments, were a1so observed 'and 

ph:otographed - (p,late lOC,D). High magnification of these 

fragments reveal a wavy pattern of the spongin fibri-ls.> The 
" ~. 

diameter of individual fibrils is 1~m. 
, .. 
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Statistical Analysis: 
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-28-: 

An elementary statistics table and a ,normal probability 

test vere computed for each dim~nsion o~ each cell type. Thé 
\. 

,archeocyte dimensions are normally d~std.,buted except for th,-

inclusions (table 5). Their mean'cell size is 12.1 x lO.l~m, 

vith a large mean nucleus si~e of ~.4 x. 4.8~m. The choanocyte 

dimensions are positively skeved tovard smaller sizes vith a 

few l~rge'cells (table 6). ~oth cel1 and nucleus mean cell 

dimensions are roughly half those of archeocytes.' The 

inclusions are likevise small. The normality of the 

distribution of dimensions 

~~,~es~ed properfy due 

V'~ormalities are listed in 

of other cell,types could not be 

to small ,sample sizes. T~ese 

parent~eses in the statistical 

tables. Pinacocytes have a larger cell size (13.4 x Il.2~m) 

than archeocytes but their nucleus size of 4.6 x 3.9~m is 
, 

smaller (table 7). Their'inclusions are relatively large. 

Sclerocytes closely resemble archeocytes in mean cell 

dimensions(table 8). Except for a greàter cell length' in 

sclerocytes, they have a comparable celi width and' their 

nucleus size is nearly identical. The mean diameter of the' 

nucleolus of both cell types is' the same. The inclusions of 

sclerocytes are the largest of any cell type. Spo~gocytes 

have a cell size comparable to archeocytes but their nucleus 

is smailer (table 9). Although the sample size of spongocyte 

inclusions was large, their distribution is not nôrmal but 
11 

very leptokurtic indicating the inclusions have a uniform' 
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" 

, . size.' Granular cells ~ie 'a'lso cpmparable to archeocytes· in 
: 0 .. ,,~ : 

cell size yet again t·heir nucleus is much syiler (table 10): 
, . 

~ . 

The distribution o( the inclusi?rls is" nègatiyely ; skewed "and 

platykurtic 

, sphe'r~lous 
, , 

,mak,ing them 

itndicating a wide 
~ 

cells have' a ,m~an cell 

" 

varie~y of siz.es, The, ' 

size of 13.8 x Il.8~,'' " 
) , ..... 

the largest cell elemen~ present in H.,OèpJata 
., 1 

( table Il>., The nucleus, often crowded by spherules; . is '\ 1 f. 

sma.ll. As, in spongocytes, the distribution of the' inclusions 

." ,( ~pheru~e~ >'is leptokurtic . thus suggestirig they - have a 

predominant'si~è in spherulou~ cells as<welr. , 
Table 51 E~émentary statistics ~f archeocytes (~m>. Nuc.l.: 
nucleus len9th, . nue. w.: nue'leus width, nucleo.: n'ucleolus, . 
lncl.: / in~lusions', P: . .n,oItnal: probabil,i ty for a norma 
distribution.· ~ 

S'rAT ./InN. 

\ 

SAMPLB SIZB 

MBAN 

S~AHDARD DJV. 

VARIANCE, 

SJUlWDSS. 

I.tJRToSI S ' 

MUUIIDM 

MAZIIIDII· 
,1 

IWIGB 

PI IIORIIAL ( , ) 

, of 

-"-",.,--_. 
. , 

ILBMGTH 1 WIDTH IHOC.L~ IROC.".lNUCLBO.1 I.CL~ 

"9' 

12.,1 

2.0 . 

3~9, 

:0.5, 
, 

0 .. ' 

'8.7 

18.2 

. 9.5' 

96· \ 

'- \; ; 

. '9 

19·1 . ' 

1.9 

3.5 \ 

o.~ 

0.5 . 

6.5 
15.7 

9.2 

.. 97. 

'9 
, 5.' , 

'9 

'.8 
0.9 . 0.'8' 

0.8 0:7 

0.9 1.1 
, O., 

3.7 

".'7 
'.0 
92 

" 

3~6 

7 .3~ . 

. 
( \ 

t ' • , • 1 7 

" .. 
. . 

. . 
- L~~: 1 ~~ .. -: ..... " --~--ï"~~~ 

_.L .• _" _ ~ ...... . 

l 

'9 

1.8 

o., 
0.1' 

0.7 

1.~. 

2.9 . . ' 
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Table 6, E~émehtary statistiès· of choanocytes, ("m). 

" 
,. • ; " . Nue.W. S-rA'l'./DIIi •. 1 LDG'l'H 1 WIDTH ~ .NU~.L., " 

SAIIPLII SllB ,/ 61 61 61 61 
" 

, . 
N&AIf 6.6 5.5 2.5 2.'2 

'/ . '.: 

'ST~ ~.", .)..5 . 1.3' , O." , 0.6 
J ' 

VARIAIICB " 2.3 1.7 0.5 0.3· , 

" · ..... 5 1.'0 ,1.1 ~, 0.9 0.9 . , '. 
, '; • t .JI . r~ ,., 1 '. .. 
~IS 0.7 ·1:3', . 0· • .6 :. )1 .• 2, 

'~ , 
III NI NDN ,., , 3.6 1.6 ' 1.3 

<; , 
NAZI .... 11.,1'' 9.9 'el,' ,6.0· 

" 
1 

~ . 
2.8 '\ 'RAIIGB 6.7 6.3 2~ 7' . 

, . 'c 

pi ~(t>' 88' 89 88 88 , .. 
, ." 

, " ~ 

'~'1'ab}. •. ?I ~ Element~.rY. stat'i stics 
. " 

01 pina.cocytes ("m) • 
~ " J 

i 

S'l'A'l'./DJ". LDtG'l'H '1 WI.D'l'H r jtOC.L. 1 NUC.W • 
• 

12 ,<: 

~ SII~ 
1 12· '~1~ 12 1. 

• " , 
13~' 

f
11lBÂll 

\ 11:2 '''6, 3.9 . 
1. 1 

s'-'AIIDPD DBV~, 
'~ 

0,9-2.2' 2 .. 2 .. 0.8 
" 

'VWAIICB 5.0 •• 8 0.9· i 0.6 
!; SUBBSS . "'0.2 0,', 0.·8 '0.3 . .' ~ Jo , , . •• 

-1.3 . "'0.6 ~ . -0.7 <"0~'5 , . 
"IU.I .... 9.8 8.' "3 •• "2.6 

, 
NUIIDI $ 16.6~ ,15.' -6.3 5.3 

JWtGB 6.8 7.0-, 2.9 ' 2.7 

Pl IIOmIALCt) (95) (95) (89) (95) 

~ " 

" \ . 1 

'!l' 

;Je 
_ ....... 1 • __ .- -, --~~---.... -.,-

ftl 

," \ '" l' 

. 

1. INCL. 

• 1 

32 , , 
, " ,\ 

~.o ., 
0.3 

" 

0~1 
~ 

0.1 . 
'. = 

-1.1: 

O. !7 

1.5 

,1.0 
.' 

" " 
92 

. . 
i , ,~ 

1 

,1 I~ëtt. 
1 

" , ( 

l~~ 
. , 

.. f 1 

0.3 

0.1 

-o., ,t 

~ -1.3 ' , 

1.0. ' . 
., 

1.8 

'0.8 

(90) 
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Table 8a Elementary 'statistics of, sclerocY,tes"('~m!) ~ 
'"l • G -

, , 

'" 1 J' u 

l, 

SANPLB SIZB 

MBAR 

STANDARD DEV. 

VARIANC! 

SKBWNBSS 

KtJR'1'OSIS 

MINIMUM. 

MAXIMUM 

12 12 
. 

13.--6 10.8 

3.8 

14.5 

1.1' 

2.6 

7.0 

0.6 

1.1.,1.2 

.9.5" 6.3 

22.2 16.5 

12.8 ~ 1~.2 

( 90 ) ',( 97) . 

• 0 

7 16 
't' 

5.' "t.5 1.-&, ,2.1 

1.2" 0.8 . 0.4 
, ( , 

1.5 0.6',' 0.2' 
'> 

1.1 . _ à,.8 

0.8 0 ~ 1: . -2.3 

3.4.' +.3 
6~1' 2.3 

1.0 

1.0 

0.& 
. 

0.5 

0.& 

4.' 
4.2 

8.2 

4.0 2.7 +.0 3.6 
1 f 

(&9) (94), .( 85 ) . {,g4 ) 

1 • 

Table 91 Elementar? §ta~istics of spongocytes (~).' 
\ ,î f p ... 1 

,( C \ 1 

, $TAT./DIM. ,1 L~G'J'H 1- WI~ HUC.L. 1. NUC.W. 1 INCL. 

. SANPLB SI ZB 

~ 
STANDARD DEV. 

, VARI~CB 

SItBWMBSS 

KURTOSIS 

MINIMUM 

MUlMOM 

RANGB 

PI NORNAL(-') 
1 

l ' ; . 
11 

12.0 

1.2' 

1.' 
-0.5 

11 

9.6 

0.9-

0.9 

. '-0.5)', 

-0.9 ~ -0.5 

9-.9 

,13.5 

3.6 

(93) 

8.0 , 

11.0 

3.0 

(92) 

. 
11 

4.0 

'0.9 

v 0'.& 

-1.0 
1 

1 •• 

1.9 

5-.2 
. 

\. 3.3 

(95) 

11 " 

3.3. 

'252 

0.6 

_ ~.8 . 0.2 

0.1' <0.1 

-Q.5,:.' 1.6 
~ 

0.3 4'.3 

, 1.&'" ,,' 0.3' 

,'.4 
2.6. ·2.0 

(90.,)\ 81 

----------------------------------~--~----~-----~ \? 
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'l 

î 

~ -~---"~b-____ • 



» 

-32~ 

--=----~ ? -
"Table 10 1 Elementary stat i stics ~f. granular cells . ("m) • 0 , , 

1 WIM'H t HOC.L. 
e, 

STA'T.A)IM. Ll!DfG'l'H NUC.W. INCL. 
, 

SAMPLB ~IZB 1,0 10 8 8 - 18t 

MBAN 12.2 9.9 ' 3.2 2.8 1.0 

STANDARD DBV. ·2.0 2.6 0.5 0.5 _,0.3 

" l' VARIAHCB 4.1 6.6 0.3 0.2 <0.1 

SKBWNBSS 1.3 1.1 \ -1.6 O., - 0.6 

IttJRTOSIS 1.' 0.3 3.t 2.1 -0.2 

MI NI MtlM 10.0 7.0 2.0 2.0 0.5 

MAltIMtlM 16.5 15.0 3.7 3.6 1.7 
~ 

RANG! 6.5 B.O 1.7 1.6 1.2 

PI NORMAL(%) , (87) (89 ). (85) (94) 8t: 

Table 111 Elementary statistics of spherulo~s cells ("m) • 

S'rAT./DIN. LBNGTH WIDTH NOC.~. 1 NUC.W. INCL. 

, 

S~IZB 12 12 11 11- . 168 
r 

l!.0 13.8 11.8 1 t'"" 1 3.3 1.2 ;0 ... 1 

, ST~DBV. 1.7 1.7 0.8' 0.9 O., 
VARIAMCB 2.6 2.9 0.7 0.7 0.2 

SKBWNBSS -0.6 -0.8 0.7 l.l 1.7 

IttJR'1'OSIS -0.1 0.0 2.3 2.5 '.0 
" 

MI NI MtlM 10.5 B.3 1.9 1.8 O., 
NAXlNON 16.0 13.9 5.1 5.0 3.3 ~ Il-

RANG! 5.5 5.6 3.2 3.2 2.9 

Pa NORMAL(t) (96) (9' ) (92) (90) 81 

( . 
1 1 i . a 

.f 

------.... __.__. __ l' 
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1 • 

Multiple regressions vere calculated to té'st f or a 

,statistically discernable difference betwèen the means of 
r 

each cell type dimensions (table 12). The' mean cell length 

and'width of most cell types are not stat~stically different; 
8 

only choanocytes are signi ficantly smaller than aIl other 

_cell types. The cell wi'dth of spongocytes and, spherulous 

cells a're also statistically different from ea-ch "other and 

spongocyte inclusions are stati~ticaily discernable f,rom aIl 

other cell type inçlusions. Th~ mean nucleus length and width 

of most cell types differ stat ist ically. . , Thi s permi ted 

certain 'cell type groups, to Qe establ i shed. Thus alJcheocytes 
, , . .Q 

and sclerocytes ~ave no discernable difference between their 

nucleus dimensions. This is also true for the nucleus 
, . 

di~~nsions of spongocytes, granular cells and ~pherulous 

cells., However, these two cell type .groupsP are statistically 

di f ferent from other' cell types. .Furthermore, the t'nean 

diameter of the inclusions in arch~ocytes and sclerocytes are . . , 

not statistically different;'· 
Il 

. 
'!'able 121 Multiple comparison of , t'he lJleans of ceU , types 
dimensions. Celi type groups.are notosignlficantly different. 
NQte: the nucleolus Qfl archeocytes and s'clerocytes are not 
significantly different. 

, LD'G'1'H WID'l'H JftJC~L •• 1 "tnJc.W. IIICL. 

aIl . aIl arcbeOc:lte archeocfte arcbeocfte 
c.ll.~n-s cell tfPé. and and and 

•• c.pt .ac.pt sclerocfte sclerocfte ac:1.r9Cfte 
choanoc~te choanocyt. 

.pongocyt • • pongocfte spongocft. granu1ar + 
+ gt'anular + granular + .pb.t'ulou. 

spherulou • • pheruloua .pherulou. cell 
cell c,ell cell 

... 

... 

------, ..... ""-
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The rat,ios of var~ances betveen two cell 'type dimensions 
-are l isted, in table 13. The signif icance leveJ, to accept the 

.,. 

null'hypothesis (no statistical difference) is tak'en at 95%. 

Choanocytes vere not included in this' analysis because of 
4, 

their size difference. AH variances from the dimensi'ons of , 
• 

-archeocytes and sclerocytes except for cell length do not' J 

'differ statistically from each other. The variances of 

pinacocytes for aIl cell dimènsions except inclusions are 
\ 

stat i st ically---di f feI\ent from 'Vàtillnces, of archeocyte cell 
1 

. dimensions. Archeocytes, spongocytes and granular cells have 
, 

,comparable varian'ces for cell length and width only. 
, " 

Table 131 Analysis of v~riance (F values). An asterisk (*) 
denotes the varia~ce - rat~os which are not significantly 
different. Note: The /variances of the nucleolus of 
archeocytes and sclerocytes are not significantly 8ifferent. 

CBLLS/DIIi. 1 l:.lD1G'rH 1 WlD'l'H lCtJC.L. HUC.L. UICL. ) 

SCLBROCfi'B 

AJlCIIBOCft8 
PUIAÇQCi'l"B 

ARCHBOCrrB. 
SPHIIRUL. C. 

SPOIIGOCi't'B 
GJtAI1tJL. C. 

, 5PQIIGOCrrB 

SPHIIIlUL., C. 

GIIAIIUL. C. 
SPHIIRUL. C. 

3.53 

•• 07 

0.01* 

0.00* 

7.11' 

8.00 

6.20' 

1.17* 
,/ 

0.00* ,,1.12* 1.67* 

'3.'S 8 •• 7· 10.52 1.98* 

0.6,8* 26.59 29.59 588.95 

0.05* 50.02 182.91 

9.11 50.90· 68.62 

0.16* '.90 2.&8* 376.'8 

14.95 3.56 0.61 '~1.31 

4.'6 ... 0.10* 0.&8* 37.63 

.---_"'J 
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, 

variances for cell length and vidth • to the variances Cof 
f 

arc~eocytes, spongocytes and g~anular cells. The variances of 

the nucleus length and vidth for spherulous cells 

granular cells are notstatistically distinctive. 

, 
" \ 

Cell Separation on Ficoll Gradients: 

AlI attempts to obtain pure isolates of , 

Fico!l gradients vere unsuccessful!. Tvo ïractions 

should ha~e contained on1y archeocytes if cel! se 

here folloved ,tbe process' of,de Sutter and 
. 

using fresh vater sponges, when examined 

archeocytes, sclerocytes, spongocytes, granular 

some. undifferentiated cells. No choi$nocytes 

pinacocytes vere present. Varying the time period and/or 

speed of -centrifugation 'yie1ded no .improvement in 
~ 

and 

fev 

he 

separation of archeocytes from other c~ll types. M~st cells,~ 
. 

remâined in the upper fractions when the time period 'vas 
-------\ 

l , ~, 

short or the centrifuge speed love Th~~ vere pelle~ed,to 

-----------------the bottom of the centr-i-fug'ê tube when th. timé period was 
-------------- . ~It 

longer or the speed increased. ~he results are discussed 

below. 

" 

~ 
h '...,--____ ~. ft- r 
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DISCDSSICII 

----/ lIIal1cloaa oculat. is a' cOalmon Atlantic sponge on the 

eastern coast of Canada and the United States. Whil. other 
.a. 

sponges from these regions such as ~croàfona prolJt.ra have 

been exhaustivel~ studied, ~CYt0109Y, ~f R~ul.t. has 

remained largely unexplored. ~.Mor'eover, the cytology of 

sponges in general is still { an early descriptive stage 

despi~e the advances in elect on 
, 

microscopy. There are close 

to 30-cell types which.hav been descr~d, yet many of these 

cell types have ambiguo 5 definitions and their functions'are 
;"\ 

only. speculàtive. Si pson (1984) g'ives a complete reviewof 
, 

all cell types t s far described~ This study concentrates on 

the cell_ - - s, .. examined in HalJclooa oc:Ùl.t. and ho. they . =======---. 
~~compare in general tothose found in oth~r siliceous marine 

sponges. Although Pomponi (1974) studied ·several Ha11clooa 
~ 

species, her observations vere made with light microscopy and 

accutate comparison is not possible. Garrone (1969b) has 
, 

looked extensively at HalJclona ro ••• but he described mostly 

the spongocytes. The observations on spongocytes presented 
~ 

in this study agree vith the results obtained by Garrone. 

General: 

Heal thy sponges 

ac'tive choanocyte 

collected aurin~ 

'chambers and a 

the sample period had . , 

pinacocyte' layer. 
, 

Temperature records of Passam~quody Bay for this period 

, 

\ 

--_____________ f 
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showed 
C, 

the w.te~ temperature No 4 DC or higher. to be 

collection was made during the winter months but recorded 
• 

temperatures of less than 2°C in winter may induce the 

sponges to assume a semi-dormant overwintering stage as w~s 

. shown by Simpson (1968a) in MJcrocJona prolifera • 
.... .:: 

The specimens kept , i~ a c16sed aquarium di4 ,n~_~ survi ve-

more than 3 weeks. No bacteria~ or a1gal food waè provided 

and this is undoubtebly a major factor. Rasmont (1963) 

demonstrated the importance of feeding in the fresh water 

sponge _pbJdatJ. IluyJatJli8. The addition 

IDfY' also have helped ch~~k baèterial growth 

-.. ' of strè~Omycin 

in the,aqu~. 
, 

However, when fixed w~thin the first week of captivity, the 

cells showed most of the characteristics of the' cells fixed 

in' the, f ield ~l though the latter cells in some instances had 
\ 

mote Golgi bodies and aIl cell types vere better preserved. 

kept at Huntsma'n Marine Laborator,,,y survived', " 

beyond .a month of observation in an open aquarium constantly 

flushed vith fresh un fi 1 tered sea water from ' Passamaquo~y 

Bay. Therefore, the artificial sea vater used alone may not 

be sufficient to sustain normal sponge activity due to the 
, 

limited availibility of trace mineraIs and nutrients. 

The spicule size for oxeas recorded in this study is 

representative of H. oculata from the ,Bay of Fundy as 
, 

reported by Hartman (1958) but the presençe of proper styles 

bas riever been documented. They occur in aIl specimens 

.. 

\ 
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examined. They make up less than 10% of the skeietai spicules 

and they are larger in mean le~gth and width than the oxeas. 

Their location within the skeletal network is not known 

(random ?). 

Many developing larvae weJ:e present in specimens 

collected in August. Topsent (in Hartma~, 1~58) also reported 

in the early 1900'5 the ocèurrence of larvae in H. oculata 

taken from the coast of France during the month of August. 

The gemmule-like spongin-bound bodies found /n the~ ~~"al~". "._. '.<.) 
Il 

of aIl sponges collected confirm the observations made by 

Topsent (lS88) and FeIl (1974) in/He oculata. The incubation 

of these bodies also duplicates the negative results obtained 

by FeIl. The bodies may be gemmules formed when the sponge 
o 

was in' its early growth stages in order to 
,. . 

sury l ve adverse 

conditions.. Once the sponge is fully"grown, the gemmule.s, 

.imprisoned within the stalk appear . to become impotent. The 

limited observations from thick sections did not permit the--

accurate characterization of the celis within the bodies. 

Fu~ther observatio~s are required to determine the source of 
• 

the celis found in these bodies and their longevlty. 

The chemical dissociation of the sponge a 

Iarger sample of the cell populationtto be fixed 

at one time, unhindered by the spicules and perispic 

spongin. Cell permeability ta trypan blue after such, 

, 0 \ 

1 -ta ... ~~ -H--r--___ · -------- ------_ ... _-, ~ 
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procedure was low «1%) indicating high retention oi cell 

viabi li ty.' Sorne cells f ixed wi th i n the skeleton and embedded 

in Spurr were examined but the thin sections were of poor 

qual~ty and extensive observations were not possible due to 

the score mark,s left by the spicules. An al~ern~,ve t? this 

problem would be the desi 1 i f iea t ion of the" sponge ske.J.eton 

within the epoxy blocks as done by Mackie and 5ing1a (1983). --
-' ::: 

Disadvantages of the chemica~ dissociation ~re that sorne 

cells involved in skeleton secretion m~y still be fused to 

the skeletal network while larger' cells· may rupt/re when 

passed through a 25p.m plankton nettin~. ,Therefore, /he s~mPle' 
size of each cell type cann'Ot be representative of their 

proportions within' the sponge.' The cell posit~on with 

respect to the rest of the sponge lS also altered yet the 
c 

results produced in this study show that accurate 

identification can be made with dissociated cells. 

The fixative used by Cloney and Réed (1979) incorporates 

27 9r/l NaCl with the' 9lutaraldehyde which is the approximate 

concentration used in the artificial sea water - of" Humphreys 

~963). Garrone (1969b) used 18 gril in his fixative whereas 

Boury-Esnault (1973) added no supplemental salts. The cells 

fix~d in the field gave consistent results as did the cells 

fixed at the McGill laboratory. The osmolarity was not tested 

and minor adjustments may help in improving th~ fixative. 
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1. Arcbeocytes: 

Archeocytes are considered to be the stem cells or the 

.embryonic reserve for aIl other cell types in the sponge. 

There' is sorne direct evidence of their totipotency in fresh 

water sponges (Buscema et al, 1980). Furthermore, the 

gemmules of fresh water sponges contain binuc leola te 

archeocytes which when. hatched, di f ferent iate to form an 

adult sponge. The primary function of archeocytes vhen 

undifferentiated is to phagocytose cell debris and food 

particles trapped by the choanocytes. As outlined 

previously, they are characterized by a nucleolate nucleus 

and large phagosomes. 

Ga 1 st 0 f f ( 192 5 ) 
; 

described/the- ar~heocytes of NieroeJon. 
, 

as cel"ls of 1 
7T9~m in diameter vith a large 

nucleolus and, 1-6J4m granules. Wilson and penney .(1930), 

studying the Sème species found archeocytes of simi~ar size '~ 

with a nucleus of 4"m, a nucleolus of 2~m an'd inclusions of 

0.5-4.0"m. Simpson (1963) and Bagby (1972) recorded similar 

observations for N. prolifera but the nucleolus averaged only-

1.0~ in diameter. Lévi (1956) reported archeocytes of 8pm . 
vith a nucleus of 3-4"m in Hali.arca dujardiniJ. Borojovic 

and Lévi (1964) described in O~lit •• pongJ. 

- archeocytes vith a nucleolus of O.7"m and phagosomes of 

" 

.. K Ii_ 
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O.5-3.0p.lll in diameter. The mitochondria vere O~4-0.5"m in 

diameter and RER and Golg'i bodies. were present. Sibtp'son 

. (1968b) studied many .1croc1ona species as weIl as other 
, 

genera. The archeoçytes varied in cell size from species to 

species, but aIl oells had an averag~ nucleus size close to 

4.01'lll and a nucleolus of 1. O"m. It must b .. ~ntiOned here 

that many of the observat ions of Simpson and other workers 

vere made from exp1ants or cell ag.9rega tes. Therefore, the 

cells are more likely to be actively dividing and thus 

smaller in size than adult cells. j'The cytology of ~ft:lon. . / 
{ 

,,1r1du, H. ruban. and H. v.rfIlb111. has been studied by 

Pomponi (1974). The archeocytes of these species are 'mucti 

smaller than reported here. Their cèll size averaged 8 x 6~ 

with'a ~ucleus of 3.5p.111. 

The archeocytes of H. oculata hâve an average cell size 
. 
of 12 x lO"m and a nucleus of approximately S"m in diameter. 

Hartman (19S8) noted that spicules from northern specimens o~ 

.H. oculata were significantly larger than southern specimens. 

It is therefore, possible that cells from northern specimens-

are also larger 
, 

than souther-n specimens. This 
\ 

wou Id exp~ain 

the difference in cell and nucleus size between H. oculata 

from the east coast of Canada and other species from the east 

coast of the'United-Statés. The inclusions of archeocytes in 

H.oculata contain acid mucopolysaccharides as in other 

Ha11clona species reported by pomponi. Spongin "A" bund~~s 
\ 

are common in the cytoplasm of a'rèheocytes.· Gross et al 
( 

, . 

., 

.. 
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(1956) studied in detail the ultrastruc~ure of spongin WA" in 
f 

B. oeulat.. The spongin fibrils measured ~O-25nm in diameter 

and they had an axial periodicity of 63nm. The fibrils 
, 

ezamined in tnis study are also '20nm, in. ,diameter but. the .. 
axial periodicity discernable is onlfr20nm. Hovever, Gross 

, '-
~et al did find some interbands measu~ing 20nm in. the 'spongin 

r, 

, 

2., Choanocyte's 1 

The survivel of' any spon~e d~pends on its' vater filtering 

capacity. The main function of choanocytes is to maintain a .. 
vater current through the sponge canals by flagellar 

" undulation. This bririgs 'food particles in and vaste is . 
carried out. Food matter is trapped by the choanocytes and :ft 

" 

is either digested by the cell or transferred to surrounding 

archeocytes for intracellular digestion. 

Galstoff (1925) found anucleolate choanocytes of 3~ in 

diameter in .,J.cr~1on. prolJ.lera. wilson and Penney (1930) 

measured its nrlclear diame~ as 2~m vhich vas con~irmed by . 
Simpson (1963) in ~tudying the regeneratlon ,tissue of _. 

4 ~ 
prolJ.ler.. The chOanOCy{es of other "~croc1on. species vere 

examined by Simpson (1968b) and their cell size r.anged from 

3.'5 to 7. Op.m in diameter. However, aIl nuclei measured close 

to 2~m. Tuzet (1932) found a nucleol~s, in tha choanocyt~s'of 
-

t~o RenerJ.. species aS did Léyi (1956) in the choanocytes of 
! 

---.;,..,-
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'. 
·lI&1~"rc. dU;.rdJb~" _ Ga~rone , .. ; (1969a) studi.ed.· the 

.JI 1 .,.4 l",................. • J 

chaanocytes ·of .. ~IIal'Jcl~ ,..q ..... , '. They vere 3-41:"Jl in diameter ---and contained lPitocb~citI'à;\RER ,nd a "Golgi body. Pomponi 

examined other 11&1 fc:l ona s~cies and 'found .chQanocyt~s, 

. ,~~:"era9ing 3. 51'1D 10 di~meter' in each spec ies a.nd aJ,l contained 

acid mucopolysaccharides in tqeir inclusions·as is reported 

here. . '. 
1 ( 

, ) 
, 
) 

The average cell size of choariocytes in B. oculata is 
, r 

quite large at 61'1D. 
~ . 

Yet the average, nucleùs size of 2~~ x 

2.31'1D is comparablè to values reported for choanocytes il) 

other marine siliceous, sponges. On qj:!casions, 
1 

some a 
. , . ,> • 

nucleolus could .be seen ,in the center of the -nuèleus' but most 
, 

choanocytes obser~ed had chromatin lining.the" nuclear inner 

membrane.' AÎthough, t~Ported in other sponges, the pn!Senée of 
. 

a Golgi ~ody in thtt choan~cytes of H. oculata has not ~ ~ 
~ 

determined. Mi tochondr ia and RER are common and 
, 

./ phagosome-li~e inclusio~s are pre~ent suggesting choanocytes 

. can ingest part iculate food • 
, . . , ... 

'r 
1 

, 

3. .Pi nacoe y~ès: 

Pinacocytes line the exterior surface of the s~nge as .. " 
well as the wat~r canals running 

.. 
through the sponge and thef 

Act as a barrier ~o outside element,s. Pinacocytes may also be 
, g 

involved in food capture. Willenz and Van de vtver (1984> 

hàve shown that the pinacocytes of ~~t~a flurJatJlf. can 
" 

/ 

l ' 
• 

i 
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, 

": in9~,st latex ~eads' à's we~l as ••• rJ~hJ .. . cclf baèter ia. , 

" Galstoff (1925) fipst examined the, pinacocytes of 
l' ' 1 .. 

MJcroclona . prolifera. According to his observations, the . ' 
<d 

p~naeocytes meaosured 3-~l.'m in dia~eter and th~y had a clear 
, ' 

.protoplasm. H~ever, wilson and Penney (1939.> .. reported that 

, 'the' pinacocyt~ls of the ,same spec iès were syncyt ial wj th a 

nucl.eus' of 3l'1li in diameter. This vas l~ter refuted by Simpson 

q.963 ) and Bagby (1970) • Lévi (1956 ) found a nu~leolate 
, 
pinacocytes HlIlisllrclJ nucleus of 20

• 5-~ Ol'lfl in the of , .. . 
dujardinJJ. , Although Simpson (l968b) a1so found a nucleolus 

in the pinacocytes' of some Nicrociona ,species, these· occured 
~ , 

p only in rege!)erating expIant tissue and not , in the 'adult 

spenges. The nucleus in. each 
" 

species averaged .4#,m in 
u • 

d,i,BjR\ete~., oBagb~ ~ 1970) a1so recorded an 'average nucleus size 
" , 

for ,the pi nacoc·yt;.Fs of, M. prolifera. , , 
The, ce1ls 

cOrttain~d a re" , mi tochondr'ia 1 RER", and 
, 

Mul t i vesic,ular 
J , 

J , 

bodies 
, 

, 1 

artd phagosomes'were , 

Golgi 

found 

bodies. 

in somè' 

.cel1s~ Bagby (1972) noticed that the' f1attened shape or club 
fi 1 j \.. ',. 

pr~je~tion (T-shaped) of the pinacocytes was lost once ;hè 
. 

'$ponge vas di~soc~ate~;~ tWe ce~ls ~ecame more or less . . 
a "' 

Sphe.rical,!- Boury-Esnault.· (1973)' reporté~ that apart from 

fresh water spec imens, aIl' HaploS~'lèrida '( to vhic:h H. oculata 
, ' 

belongs), had, T-sh&ped 'i:>inaco,cytes." However, Pomponi (1974) 

found no plnacocyte. in the 'HII1JcloQ. species she studied.but 
,. 1 ..." l 'i \0 ,f , 

a "protoplasmic .l~ye~· was 'pres~,ntl in li. 9JrJdJ •• 

-.' 

• 1 

.. 

,,' 

.. 

1 • G n',* ...., ~ 
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~~ 1 ------~ In the dissociated tissue of Hal 1 c:l ona oculata~ , 

.. 

., 

sponge 

pinacocytes have no definite shape. However, when examined 

from intact"'- sponge samples, most pinacocytes are extremely 

flat and elongated. They' have a greater cell 
, ) 

size tnan 

archeocytes in dissociated cell samples. Their nucleus is 

-anucleolate and its size of 4.6 x 3.9~m ~s compa(able to t~e 

nucleus in th~ pinacocy~es of other genus. There are some 

,itochondria, 

sponges. The 

archeocytes 

RER and phagosomes 

phagosomes can 

lending support 
• 

as reported in ofher 

as large _ as those in 

the phagocytj,c role of 

pinacocytes as suggest~d,oy _~~enz~)~n.de Vyver.'The 

Golgi bodies· JeXe- Ob'ser'~'ei~ :;~,n{y 1; p~~àcocytes which were 
". 1 

taken frbm sponges f~xed in 1he field ~s contro~s. This show • 

th'e inability of 
J 

the artificial-sea water used 
. . ' 
alQne in 'the 

4. Sclerocytes: 

,. 

1< 

The -sP!cules,of the sponge' s~eleton are ·secreted by 

sc1erocytes. Hàrtman (1958) examined in~ai~ the features • < . ~ 
of the sp'icu~e skeleton' in ~~~~ulata ~nd th~ reader ) is 

refered to this study for fUt;'<t.h~r InformatIon on the s«elet'ôn ' 
." 

of the 
/' 

sponge. ';t'here' 
l" 

are some ci~ations of sc1erocytes in,,, 
.... 

other siliceous ~rine spohges but they are often described , ~ 

simply as archeocyte-like~ 

r 
l 

\ 

1 

/ 
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Tuzet (1932) first recognized spicule-secreting cells in 
'. 0 

Reneria elegans and R. She ~described the 

"sil icoblastes" as nucleolate cells with a granular 

protoplasm, Golgi body and mi ~ochondr ia. Lévi (1963) s<tudied 

the sc 1er~Cytes \~"t Mycale contarenii and reported the 
.r 

presence of a smal1 nucleolus, O.15~m ribosomes and 1.5-2.0~m 
l 

l 'î 
vacuole containing ë;l"f spicule but no endopla~mic ret icu1um or 

Golgi bodies 'were . ~ound. There are however suqgestions that 

( these cells ' msy be spongocyt:es v (Relswig, personal 

communication). The ribosomes in bundles reported by Lévi aré 

simi lar in descr ipt ion to the RER observed in spongocytes 

from H. oculata (this study) and.H. rosea (Ga r'ron'e , 1969b). 

Simpson (1963) found in NJcrocJona prolifera archeocytes 

which ~ntained spicules. The cells measured' 11-19 x 5-12~m 

with an average nucl,~u~s and nucleolus size of ~. 7 a1nd 1.0rm 
II! respectively. Garrone (1969b) described the sclerocytes ln 

<, Ha11clona rOBea as nucleolate celfs with many mitochondria 

and microtubules. There vere no sc~erocytes described in the 
, 

Ha11clona species· studied by Pomponi (1974). 
"tiIl 

The scierocytes exa~ined from H. oculata are indeed 

arche'oèyte-like. The, cell dimensions of ttle two cell types 

are nearly identica1.· However, the make-up of the cytoplasm 
, 

in the sclerocytes is different. There are fev phagosomes, 

the cytoplasm is vacuolated with one large vacuole secreting 

the spicule and,thfre,is little RER. The Golgi body as in the 

archeocytes is poor.ly defined. 
/ 

1 

/ 
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The spicules of t~e sponge skeleton are bound together 

w,ith spongin. This material is secreted by spongocytes and 

possibly --other cell types ~uch 
i 

as granular cells and 
, 

spherulous cells discussed elsevhere. 
} 

" Wilson and Penney (1930) first recognized the presence of .. 
. 

spongocytes in Nicrociona prolifera but they gave no 

description of the ce'lls. Tuzet (1932) studied the 

spongocytes of two Beneria spec~es. The cells measured 9xlO~ 

and contained a nucleus with a re~ressing nucleolus. A Golgi 
, 

body and • mitochondria vere presènt. 'Lévi l1960) described 

the "ameobocytes spongoblastes" of Opblit.~pongi. a.riata as 

cells measuring 10 x 2-4~m vith a nuc1eolate nucleus of 

2-3~m. Simpson (1963) examined the celi types 
, , 

prolifera and he observed nucleolate cells 

of NicrocLf:a 

filled vi th 

cytoplasmic inclusions. The cells vere in close contact vith 

spicules and histochemical results suggested the inclusions 

éontained spongin materia'l. G~rrone and Pottu (1973) rePo-rted 
,'c, 

" 
on the spongocytes of ~iclon •• l~n •• The cells had a 

nucleolus and a finely granular cytoplasm filled vith O.8~ 

inclusions which contained amorphous and fibrillar material. 

The authors .remarked that these cells h~d weIl developed 

endoplasmic reticulum. 

The structural and c~emieal analysis of .spongin vas 

1 



\11"-48-

unàertaken by Gross et al (1956) to estab1 i~h the 

relationshjp of 
,-

spongin vith the connective t i Ssues,_ of higher 

phyia. 'l'he y found in S.~lc:lon. 
.. 

oc:ul.ta as in the other 
. 

sponges examine.d, two types of spongin. The spongin "A" 

bundles contained long non-branching f ibers of 20-25nm in 

diameter vhich~shoved an axial periodicity of 65nm. Branching 

spongin "B" fibers vere made of microfibrils less than 10nm 
• 

in diamete~ vhich vere embedded in an amorphous material. The . 
auth~rs occasionally Qbserved an axial periodicity of 65nm in . 
the fibers. The axial periodicity of both spongin fibers was 

comparable to the axial periodicity of the collagen tissue 

from the Vertébrae phyla." Chemical analïsis Qf the spongin . 
"AR and ~B" from SpongJa gc .. inea revealed the presence of 

the sa me ~mino acids and sugars found in mammalian collagen 

though their proportions varied from the latter. Garrone 
a 

(1969b,), studied both spongin fibri1s from HlI1Jc~on. ro .... 

The perispicular spongin "B" fibri1s were 5-10nm in diameter 

ânà showed an ax~al periodicity of 65nm. Spongin "A" fibrils 
,~ 

vere tbnm in diameter and their axial periodicity ~as 25tûîÎ." 

The observations' . of this 
, / 

study support previous 

descript/o~ of spongocyte cells. 

cells vere Qften nucleolate and their cytoplasm was filled 

vith inclusions of O.6,..m in diall'leter. ,As reported in 

developed 

cytoplasm. 

endoplasmic.reticulum distributed throughout 

A ~~19~OdY vas found predominantl}' in 
/ 

:-" 

the 

the 

--r---____ n_ t 
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1'.://' ~ngocytes of specimens fixed in ,the field where active 

'/Î secretion and growth of the sponge is certa~nly enhanced. 

\ 

Garrone and Pottu '(1973) speculated on the origin of spongin 

"A" and wB" from a single cell type. The present study 

reports the first observations of such an occurence in the 

phylum of H. oculata. Spongin "A" fibrils are often' present 

in a;sheocytes but some spongocytes also have small bundles 

of spongin "A" which are slightly larger ,than .their spongin' 

"B" inclusions. The fibrils have a diameter of 20nm and an 

axial periodi~ity of 20nm. Fragments of the perispicular 

spongin vere examined in some cell samples. The Spongin "B" 

fibrils have a diameter of 7nm. No axial periodicity vas 

discernable from these fragments although better preparation 

of the material by Gross et al' did reveai ~an axial 

periodicity of 65nm. Structured bodies a~reported by Garrone 

and Pottu were not observed in the fev fragments of 

perispicular spongin ftB" from H. oculata. The inclusiQns of 

the spongocytes vere regularly banded vhen vieved under hrgn 

electr~d~nsity. Each band measu~~d approximately 7nm vith a 

more pronounced band at 28nm intervals. There can be little 
.....-', 

doubt that ' these inclusions are precursors to the spongin 

"B". Most inclusions co~tained amorphous material from which 

the bands appeared to forme Observations on granulàr celis 

and spherulous cellS suggest that .the bands themselves are 

the spongin "Bw·fibrils and not their axial periodicity since 

no fibrils were 

structured bodies 
~lund to 

rrported 

display such a periodicity. The 

in H. el.fan. by Garrone and Pottu 

... 

î 

• 
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(1973',. have il ~imilar appearance ~o the inclusions in the 

spongocytes of Il. oculat,. - However, further research is , 

warranted, particularly on the secretion of th~ inclusions, 

to learn the exact nature of thes~ bands with respect to the 

ultrastructure of spongin "B" fibrils. 

6. Granular Cells: 

There are several c~tations of gra~ular cells in sponges 

but as Simpson (1984) ~cknowledges~ th~ are not 'well 

characterized. It is the author's belief that the 

observations reported here show specifie characteristics of 

the granular cells in H. oculata which will help in 
r 

determtning the function of these ,cells. The following 

~iscussion éompares the granular cells - of other spec ies wi th 

those o,f Il. oculata and i t takes into considerat ion ~he 

suggestion made by Garrone (1978) that gr~nular, cells, 

microgranular cells and gray cells mey (s~crete collagen 

fibrils. 

J 

Tuzet (1932) described in two .anar1a species c~lls vith 
, 

small granules and cells with large granules. She believes 

the cells vith small granule~ to he equivalent to the gray 
, 

cells of .1croc1oaa pro11~.ra as reported by Wilson and 

Penney (1930). The cells vith large granules measured 

12-13~, the nucleus h~d an irregular nucleolus, the granules 

vere l~ in diamater and mitochondria and a Golgi body vere 

--/ • 
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present. Lévi (1956) found in ~i .. rca duja~inii cells vith 

granules-vhich he called wcellules fuchsinophides w• The cells 

wer,e lOp.m in diameter 6 the nucleus was nucleolate and there 

were many round or rod-shaped inclusions of Ip.m. S-impson 

(1968b) reported on the granular cells of two Ren.ria and 

Li •• odencJory% species. Their nucl'ei vere anucleolate and 

averaged 2.5p.m in diameter. Their inclusions vere O.5-1.7p.m 

in diameter. Pomponi (1974) observed granuler cells in 

Raliclona variabili. only and two Cally.pongia species. The 

cells in each species vere approximately lO~ in dïame'ter and 
1 

a nucleolus vas often present. Microgranular cells have been 

reported in several sponges but the size of the inclusions 

(O.Sp.m) suggests these cells may have been spongocytes. 

The granular cells of H. oculata- were the most altered by. 

the artificial, sea vater. As c~mpared to gran,ular cells from 

control samples fixed in the field, the cells fixed in the 

laboratory had fever cy~oplasmic organelles and their 
~ -

inclusions were not as homogeneous having often both granular 

and fibrillar materials. The nucleus, sometimes nucleolate 6 

vas 3.2 x 2.8p.m. The fibril~ar,material shOwed regular bands 
1 

1 _ • 

of 3nm in vidth vi~h some larger bands of 7nm visible. A 

Golgi body vas found only in the cells fjx'èd in the field • 

Mitochondria and RER vere present. The fibrillar material' 

beara a close" resemblance to the material in the inclusi6ns 
( 

of spongocytes. The .->'- . i . 
amorphous mater laI n the' Inclusions of 

granuler cells from control sample~ show ad some banding. The 
" 
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re.son ~~. the consolidation of the material in the 
, . 

in ~rtificial sea wat~r is 

\ 
\ 

... 
Gray cells vere studied by Wilson and penney (~930) in 

NJeroeJona prolJfera. 'Tpe cells measured 14-10 x 7~m vith an 
\ \ 

anucleolate nuéIeus of 2-5~m and many granules ~f O.~-l.O~ 

in diameter. Tuzet (l~32) reported on cells vith small 
~ 

,/'9ranule~- making an analogy to the gray cells studied by 

Wi~on and Penney. The cells measured B-10~m ,and the nucleus 

had an irregular nucléolus. Simpson (1968b) st~die~ several 

NJeroeJona species. The gray cells in each species varied' in 

cell size but all nuclei vere anucleolate and measured 

2.0-3.5~m. 
\" -TIle cyt6plasmic inclusions vere O. 2'-1. ~p.m in 

1 

Hist chemical analysis indicated the presence of 
i 

diameter. 

glycogen. Boroj vic and Lévi ~l96~) and Lévi (1g66) observed 

rosettes of O.lB~m, beleived to be glycogen, in the gray 

cells of Opb11~ •• pon91. .er1eta, N~c.l. cont.ren11 and 

P.eb,.a.t1 .. j~n.ton1. Bagby (1972) examined the cell 

population of NJcrocJon. prolJt.ra. The gray cells had a 

nucleus of 1.5-2.5 x 2.0-4.5~m vith a nucleolus of 0.5-0.6um. 

0.3-0.6 x O.6-1.0~. 
1 

Glycogen The \inClUSions measured 

gran~les vere present as vere ovoid qtitochondria of 0.4 l[ 

\ 
O. 3~m\. Golgi membranes 

nucleus. 
1 

Boury-Esnault 

several ,sponge species. 

vere occasionally 

(1977) jstudied 

The in6lusions 

size within each species. They measured 

-' 

~ , . , ..-
" 

1 

seen close to the 

the 

vere 

from 

" 

gray 

of a 

0.1 

cells in 

constant 

/ 

, 1", 
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. , 

The author noted that when the ~ponge Pol,...ti. ....il.ri. 

was képt in hypoxic conditions by continuous bu~bling of 

nitrogen; the gray cells accumulated 'glycogen rosettes; 

Although she characterizes gray cells as having numerous 
J 

osmiophilic inclusions and glycogen 
1 \ 

rQsettes, the glycogen 

content o.f these cells may depend on environmental conditions 

as she has shown. 
;r.-~--

1 

No glycogen rosettes vere observed in the spon goc y tes or 

granular cells of H. oc:ulata. 'However, histoc.hemica1 results 

shoy the) presence of glycogen in the spongocytes. 
(10-

Since 

granular cells could not be differentiated from spongocytes 

under ~~~ht microscopy', the presence" oDf glycogen in \granUlar 

cells can'only be considered speculative at the present. 

Apart from the presence' of gIycogen in gray cells 

(subject to environmental conditions ?), there are no clear 

distinctions established between the gray cells and the 

granular cells. The inclusions of both cell types' cited in 

the literature are often very similar in size although the 

gray cell i~clusions are said to be smaller. Therefore, it is , 

~ssible that both cell types are closely related and may 

secrete collagen fibrils a~ suggested by Garrone (1978). 

Further investigation of the inclusions in 9ray cells is 

needed to determine their exact nature. 
1 

• 

o 
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Il . , 7. SpheruloU8 Celle a 

There are many reports of spherulous cells in sponges. 

These cells have a great variety of ,inclusions and the reader 

is referred to Simpson) (1984) for a complete "reviev. Hovever, ~ 
) 

Many studies have ShO\~ that spherulous cells contain 

.,ntibiotic substances. 'Bretting (1979) has reported the 

presence of lèctins in the sphelOulous cells of an bJnell. 

species. He suggested these lectins could play a role i~ the 

immunological response of the sponge tovard . other species • 

Spherulous cells'in general are • believed to have a secretory 

function and observations from this study support this view. 

In ' H. ocul.t., these cells are characterized by the 

pre~ence of a dozen or more large spherules which can fill 

th~ entire celle The nucleus is rarely nucleolate. There are 

very fev cell organelles and no Golgi bodies were found. The 

inclùsions can be completly electron tlanslucent or they May . . 
contaln amorphous amd fibrillar material. The fibrillar 

material is similar in appearance to the material in the 

inclusions of spongocytes. Furthermore, fibrils of 7nm in· 

diameter are clearly distinguishable in some spherules and 

may correspond to the spongin "B" fibrils of H. oculat •• 

. This provides strong evidence to suppor~ the secretion of 

spongin by spherulous cells as suggested by Garrone (1978). 

l " 1 --------~----~~ 
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8. Globoferous Cell Inclùsions: 

No globoferous cells per se were fou~d in the cell 

samples of H. ocuIata but two large uniform inclusions were 

examined and are believed to be from globoferous cells. The 

-inclusions are similar to those reported by Borojovic and 

Levi '( 1964) from OplJlJ ta.pongia .erieta. The inclusions 
,{} 

eontained microtubule-like bodies which measured 18-20 x 

,70nm. In H. oc~t., these micro'tubule-like bodies were :68nm 

in diameter. It is presumed that a'cross section of the 

inclusions was observed, therefore there is no data on the . -' ,,------~ .~ . 
lengt,h of the mlCrotubule-like bodies at the present if they 

are indeed such a structure. No globoferous cells have·been 

reported ln other Haliclonarspecies. The function' of thes~ 

inclusions is not known. 

Statistics: 

The various statistieal analysis of this st dy permitted. 

further definition of the eell tyPts. Although a 'great deal 

of variation in the measurements can he expected due to the 

very saall cross- sections taken, this'new approach will help , 

ta eliminate ambigui~ies in the dimensions of different cell 

types. Hence, from the mea~reme'l'ts reeorded, it is eoneluded 

that archeocytes and sclerocytes, are physiologieally closely 

related whereas choanoeytes 

signifieantly froll aIl other 

and 

cell 

pinacocytes 

types. 

differ 

Final1y, 

/ 

If" "'_ ... 

, "" ,<;4 't>' ~ " ~, :.- ~ ::,,:" ~~ ~~~:j, ~ ~ t.~? - _: : •• ~ ,,.:~ J \ ~ ~'-'-~-----""l!L 
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eells and spherulous 

but their nuclei are 

Cell separation f,cPiCOll Gradients: 
.' I,J 

, . 

cella have 

of similar 

Observations on the differentiatio,n of archeocyte:s into 

other cell types have heen reported. However, these' are 

'limi ted to yansformation'· intc choanocytes (Rasmont and 

Rozenfel~8~) and pinaeocytes (8agby, 1972), and little is 

-knovn of the tra~sfor~ion of archeocytes into the various 

cells vi th inclusions. Recent. ,studies have shown that 

spherulous cells contain antibiotic substances. Therefore, 

cells vith inclusions may have different functions. This 

study did not coneentrate on the biochemical make-up of the 

cells and observations here indicate that spongocytes, 

granular cells and spherulo~s cells may secrete collagen 

Could an~ibiotic elementa he present with the . 
fibrils.l 

COllage~? 
\ 

Further vork on the differentiation of these cells 
~ 

i8 needed to determine their function and the ~source o~ their 

difterent inclusions in various species • 

. Agrell (1951) attempted to aeperat. the cell types of 

RaJJcbODdrJa ~Jc .. on sucrose gradients. He 

three types: nueleolate cells, 

flag~llate~ cella. The ~ucleolate cella wh'ch 

when incubated, differentiated into a 

" , 
.. ,' t'r 

only 

and 

.ponge,. 
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However, there is no evidence to suggest the cells Agrell vas 

able to isolate vere exclusively archeocytes. Burkart and 

Burger (1977) studied the cell population of .Jc:rocJon. ----_\ 
prolJI.r •• They made a rough cell type separation using 

Ficoll gradients but as vith Agrell, they did onot distinguish 

different nucle01ated cells. De Sutter and Van de Vyver 

(1977) isolated the arch~ocytes of the fresh water sponge 

~Jdati. 11uvJ.tilJ. vith multiple ,Ficoll gradient~. The 

archeocytes, when' incubated, formed a functional - sponge. De 

Sutter and Buscema (1977) devi~ed a method to isolate 
1 

archeocytes from the same sponge using '4 Ficoll gradients and 

Busc~ma et 'al, (1980), made observat ions on the di f f,erent iat ion 

of the isolated archeocytes with electron microscopy. These 

observations constitute the on1y direct evidence' of the 

ability of archeocy_tes to differentiate into other ceil types 

of a sponge but most specimens used were grown from gemmulés 

for one week only. lndeed, de Sutter and Tulp (1981) working 

vith the sa me material and similar methods 'admitted finding 

many archeocytes which contained vi telline platelets.' Thes~ 

structures are characteristic of gemmular arch~ocytes, 
p , 

, J 

therefore they cannot he' considered adult sponge cells as 

previQ.us observations indicated. Furthermoré" only 4 cell 

types are present in such juvenile sponges: archeocytes' 

(gemmular?), choanocytes, pinacocytes (often nucleolate) and 

sclerocytes (archeocyte-like). Finally, Van de Vyver and 

8uscema (1981) noted that sponges grown from i'solated 

archeocytes oversecreted spicules and . ' contalned fever 

-~----
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. 
c.hoanocyte chamber,s than "normal sponges. Thi s could be cat1sed' 

by the lack of food and cell debr~s available - to isolâted 

cells. 

The isolation of archeocytes from the cell population of 
-

H~ ocul.t. vas ,not succe~sfull. Although many modifications 

of the method used by de Sut ter and Buscema (1977) vere 
, ' 

tested, the best results obtainable vere not those desired. 

~ Many nucleolate 0 .cells vere pres,ent in the bot tom cel~ 
~ 

fraction but they included spongocytes, granular cells and 

solerocytes as weIl as 

.separation vith this 

other undifferentiated cells. Furt~ 
~ 

method may not be possible on such 

simple gradients since the~e are more cell types present in 

the adult spongè and many of these have similar. cel!' 

dimensions. No top gradients vere collected for examination. 

, 'Since choanocytes vere absent from the bottom gradient, it is 

--...J '" infered that these cells vere separated in the top gradients. 
) 

Hence, the Ficoll gradients vere .effective in separating the 

small cells' on,ly. The 'use of CMF-SW tro make. the F.icoll 

gradients cou~d also have ~affected the density ~f the 

different gtadients. Naturally, the density of marine sponge 

cells in an adult specimen ïs likely different from that of 

çells from a juvenile fresh vater sponge and the use of other 

Ficoll concentrations may improve on the results obtained 

here. The isolated cells vhen examined, vere also in a poor 

state of p!eservation. Yet, the cell's permeability to trypan 

blue vas insignificant after the dissociation proce~ure. The 
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centrifugation of ~he cells ~fter such disso~iation çould be 

the cause of "so~e cell det\e'or!tiO~. 
l ' ....... f, 0: . . , 

" 

In conclusion,. t~e~ isolption of ar'cheo.cy~es from an adult 
" 

sponge cell population will l~kely require â more ~xtensive 

array of Ficoll gradients or soccess~ve centrifugation, to 

acquire the desired cell fracti.on: Moreover, this study has.·· 

shown 'the presence of at least 7 cell types, in oadult 

specimens of H. oculata. Evidence is presented to support 
. . 

th~ ~ecretory role of gra'nular cells and .spherulous cells. 

Th'e observations indicate for the first time that these. cells 
" . may secrete spongin "B" fibtils as do spongocyt~s. Finally, 

the statistical analy~is of cell dimensions has~ further 
, ~ 

defined each cell type from 'the ceil popu~ation of Haliclona 

oculata. 

, 

o 

• 
.. 

" >~ 

.' , 
, 
J-

J 

\ . 



i 

( 

• ! 

-60-
• 1 

1. Specimens of the sponge ~liclon. ocul.ta (Demospongiae, 

Haplosclerida) were collected from Passamaquody Bay, New 
. 

Brunswick in April/ June and ~ugust 1984 ~ryd healthy ... 
.,/ 

specimens were transported back to Montréal, Québec. 

2. The sponges, kept in artificial sea water, ~ere chemically 

dissociated in a calciu~-, magnesium-free,medium. Two samples 

'of the resulting cell susp~nsio~. from ~ach of two specimens 
• 

were fixed in gluteraldehyde and osmium tetroxide, dehydrated 

and embedded in Spurr epoxy resin. Sorne samples were also 
, - " 

fixed and embedded in paraffin. 

\ liJ 

3. Thick sections from"the paraffin'blocks were stained for 

9~ycogen, mucosubstances and mucopolysaccharides and examined 
,J 

under light microscopy. Thin sections from the epoxy blocks 

were stained for contrast with uranyl acetate and lead 

citra1;.e. They" were examined 

transmission ele,ctron microscope. 

and P?otographed with a 

f 

\ 

4.' Tbe va,rious dimensions of the cells and celi inclusions 

,w-ere mea~ured from elect.ron micrographs. The cells were 

categori~ed into types bi the presence of 
(. 

a nUcleolus, cell 
1 

size and the "inciusio"ns present. Statistical tests were made 
4 

to further def ine each cell category. . , 

.' 

l ' 

a " 
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. 
5. Seven cell types vere found in adult tissue of B. oculata 

throughout the sample period. They are: .archeocytes, 

choanocytes, pinacocltes, sclerocytes, spongocytes, granular 

cells and sphe~ulous cells. Globoferous cells may also be 

present in this sponge as two inclusions similar to_those 

reported in globoferous cells of other species were found. 

6. The isolation of archeocytes from the other cell types vas 

attempted using Ficoll 9radient~. A cell sample vas 
-

cen;rifuged through four Ficoll gradients (4%, 6%, 8% and 

10%) and the bottom gradient (10%) vas collected, vashed vith 

artificial sea water, fixed and embédded in Spurr.' This 

gradient contained not only archeocytes but sclerocytes, 

spongocyte~ and granular cells as vell as some 

undifferentiated cells. 

7. The results of this study are àiscussed in comparison to 

previous observations made on similar material from other 

sponges. A 'hypothesis is presented for the function of the 

~ious cells vith inclusions. 
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