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Introduction 

The genus Fucus offers much of interest ,to ,both the plant and animal 
hist.ologist. The developing embryos of these 91ants are widely recognized 
as providing an almost :ideal ~sys.tem for the study of the establishment of 
polarity and anisome,try in plant cells. In the course of a study ,of 'the 
histology and fine structure of Fucus embryos :it was found necessary to 
examine also mature plants since many of the find.trigs with the em~bryo,s 
were uninterpretable in the absence of histological and fine structural 
deta,ils of ,the mature tissue. 

Quite unexpectedly the cells and tissues of the mature Fucus plant have 
proven of interest in their own right and ,it is with ~this work that the 
present paper is concerned. 

A section of mature Fucus thallus i:s remarkable in its resemblance to a 
section of animal cartilage. This resemblance is more ,than ,superficial. In 
both cases the cell,s are embedded .in a massive, biphasic matrix composed 
of rigid, orien.ted fibres and amorphous polysaccharide. The fibrous com- 
ponents of cartilage and of tissues of the Fucus thallus are of course 
quite different, being the protein collagen in cartilage and the polysac- 
charides cellulose and alginic acid in Fucus. However, the amorphous 
polysaccharides of the matrices are remarkably similar; both are sul- 
phated polysaccharides, chondroitin sulphate in cartilage and fucoidin 
in Fucus. 

Recent work shows that some polysaccharides both of arrimals (G o d- 
m a n  and L a n e  1964, B e r e n d e s  1965) and of plants ( N o r t h c o t e  
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arrd P i c k e t - H e ~a p s 1966) are  p.o,lyaner;ized ,int,o units of 1,a.r~e mole.eu~ar 
weight which are contained within membrane-bounded vesicles, in the cells. 
These polysaechar.i.des are probably  secreted from ~the cells b y  a reverse 
pinoeytosis process in which the vesicle membrane is incorporated into the 
plasma membrane.  It  is of interest 'to know if ,the ext raee l lu lar  poly-  
saeeharides of Fucus are also polymeri~zed within the cells and similarly 
secreted as maer.omoleeules. 

There is as yet  no histological evidence ,in ei ther p!a~t or animal tissue 
for the secretion ,of different polysaceharides of high molecular weight 
from the same cell. Mature Fucus 't,issue is ideal ma'terial ~in which to look 
for such a mult.iple secretion since the two .polysaceharides alginic acid 
and fueoidin can be distinguished histo.chemically (,M.c'C u 11 y 1965). As 
a sys, tem for the s tudy of the product ion of extracel lular  material  the Fucus 
thallus has the a.dvan,tage of having cont,inuous apical  ,growth. Such a 
growth pa t te rn  is useful  since it ..gives both a temporal  and a spacial 
sequence .of mat r ix  format.ion within an individual plant.  

Al~g'al poly,sa.cchar~id,es su,ch a,s alg~imc ac,i,d, f.uco,idin, eaerag.eenin and 
agar make up a large proport ion .of the mass of the algae in which :they 
are ~pro,dnced ,a~s ezetr.aeellular m,a@r,i,al. Bec~au.se 't,hes.e ,alg,al poly, s,a.echa,r~i,d,ers 
are .of eo~s'i,d.erabl.e ,ec, ono,mdc hnportarree ,there has been much inv,e:s,tG 
gati,on of thei,r che,nris,try (see reviews b y  K,r e g e r 1962, O 'C  o 1 l a 1962) 
and st.u,d.ies have al'so been ma, de Con t,he influence ,of ~t.he environment  
on their product ion ' (M.oss .19~8, M a c P h e r s o n  and Y o u n g  t9'52, 
B 1 a c k et al. 1955). No studies have been made on ,their origin ,or mode 
of secretion. The absence of such work i,s especially surprising ,in view 
of the light which such a s tudy woul.d throw .on the product ion .of ext ra-  
cellular materials ,in gen'eral. 

In addit,iou to the obwious advantages .of Fucus tissues for the s tudy  
of .matrix formation, .the cellular components  of this material  are also 
of 'interest. M'icrosco.pical .examina,tion of cells teased out of a piece .of 
fresh Fucus thallus reveals a confusion .of intracellular  ,components. O f  
these only the plastids are easily talent,tried ,by 'their pigment. In some 
eases the large nucl'ei can be seen, but  in general the cells ~.are so crammed 
with vacuoles and inclusions ,that even the nuclei eanno't be d.istingu,ished. 
Although the exact  nature  of the various cellular inclusions has no4 been 
described, .it ,is known from the earlier work tha t  many  .of ,these contain 
polyphenol ic  materials (see F r i t s e h 1945). Reeen'tly there has been con- 
siderable interes,t dn these subslanees. It has been shown that  intact  Fueus 
plants secrete large amounts  of polyphenol ic  material  (C r  a i g i e  and 
M c L a e h 1 a n 1964 a) and there are strong suggestions ~that these seerete,d 
ma'teri~afs ,are ~of ,eonsi.derable e.eolo,~eal and  p,hysd,olo,gi.eal ,s~gnifieanee. In 
this regard C r a i g i e  and M e L a e h l a n  i(1964b) have demonstra ted 
differential anti'biotic .effects .of these substances on pure cultures .of various 
algae, and P r o v a s o 1 i (1965) .has shown that  the secreted polyphenols  
from Fucus have marked morphogenetie effects on cultures .of Monostroma. 
The origin and mode .of secretion .of these polyphenol ie  materials of Fucus 
are therefore of cortsiderable :interest as is also the nature  .of ,the various 
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other cell components. This information, however, is not available in the 
ear[ier literature. 

The .morphology and histology of the ma,ture Fucus .plant was ,studied 
by a number of early workers (see review ,in F t i t  s c h 1945)and more 
recently by M o s s (1948 ~an.d 1950). Unfortunately the .inadequate methods 
then available limit the usefulness of .these observations. 

There is good reason for the absence of h.istological informati.on on 
Fucus. These plants have lorrg had the reputation .of being "unfixable". 
The extens.ive extracelhlar matrix and the large am.ount .of intracellular 
poIyphenols have made ,these tissues qu,ite resistant to the efforts .of the 
plant histologist. Not only are their non-cytoplasmic components not fixed 
by conventional fixatives, but they greatly impede the penetration .of almost 
all fix.ing solutions so that it has been impossible to ,preserve the Cell com- 
ponents faffhfully. In addition, .earl,let workers have been hampered by the 
use of embedding matrices .such as .paraffin and celloidin (W~et.mo re  
1932) which could not be cut thin enough t.o allow the resolution of intra- 
cellular ,detail. 

More detailed histological work is now poss.i,ble with Fucus because 
new methods .of fixation and .embedding have recently been developed 
( F e d e r  1960, A s h l e y  and F e d e r  1966, .and F e d e r ,  personal com- 
munication). 

The present observations which were made ,on Fucus prepared by th.ese 
new methods are .concerned with determining the origin an, d development 
of ~he extraceHula~ matr:ix, ,the hi,stogenc,s~s ~o.f ~he ,differen~ oell types 
and the identification of the various cellular components. 

Materials and Methods 

Specimens of Fucus oesiculosus L. and Fucu~s edentatus De la Pyl. were 
collected at Bass Rocks, Gloucester, Massachusetts, from November 1964 to 
April 1965 and in September 1965. Thallus and hol.dfast tis~sues were 
immediately cut up in the fixative solutions into pieces of 2 mm ~ or less. 
All Collections and fixations were done at low ~i.de. 

Fixation: Tw.o fix,at,iv~ were us.ed--10 % acr,ol,ein (F e,d e r 1960) or a 
mixlture of 6 % .acrol,ein arrd 6 % gl.ut,aral, dehy, de, ~b,oth in 0.025 M ph~os.phate 
buff~  at pH 6.8. Ti:ssu.e.s. wer,e fixed f,or 24 or 48 h our~s a,t 0 ~~ C. It wa's 
found that the longer fixation was necessary for uniform preservation 
throughout the tissue pieces. In most cases the material was post-fixed 
f,or 24 hour~, ~in 1% HgC,12 a.f 0 ~ C ~_hen thoroughly washed *i,n5 ehang, e,s 
of buffer over 24 hours. Although not necessary for the preservation of 
cytoplasmic components, the mercuric chloride sta'bilizes the polyphenols, 
some of which fend to migrate through the speaimen after a~dehyde fixatioI, 
alone. 

Dehydration and Embedding: A sequence of 4 dehydTation steps was 
t~s~d--methoxyethacro], abs,o]~te eth,an,ol, n-pr~pano], ,a1~d n-b.n,tanol, .all a/t 
0 ~ C. Tissues were transferred directly from buffer ~nto col, d methoxy- 
ethanol and given 2 changes over 24 hours ~n each dehydrating agent. Af.ter 
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the final butanol  change, material  was either stored for up to 5 months in 
n-butanol at --250 C .or brought  t.o room tempera ture  in n-butanol  and 
tr~ar~sferred d'irectly ,int~o 100% glycol nl,ethLaeryl~ate "mon,omer ,mix." 
Specimens were changed to fresh "monomer mix"  af te r  2 days  and left 
to .infiltrate for at least 2 weeks in the .dark at room ~emperature 1. 

Sp,ecixnens we:re pl~aee,d in ,size 0'0 gela~tdn .cap,shies fil,l~ed width fresh 
"m,o~oan,er mix." Ca~psnIes were capped and polym.erized for 48 ho.urs 
at 600 C. 

The "monomer mix"  consisted of glycol methacryla te  (Rohm and 
H,aa~s C.o., Philadel.p~hda)~plu,s 0.15% a, a-,az,o,dd,is,o,Srutyron!itrdle (E,astman 
Chemical, l~oehester, N.Y.) and 5% polyethylene glycol 200 (Ruger Chemi- 
cal Co., Irvington-on-Hudson, N.Y.). The glye.ol methaeryla te  was purified 
initially by  column chromatography using Amberlyst  A-21 resin (Robin and 
Haas Co.). This procedure  removes methacryl ie  acid, ,the presence of which 
res,ul,t~s .in ,st,a~l~ing of 'tire ,plas~tic by  bas'ic .dyes. 

The above methods of ,dehydrat,ion and embedding are essent, ially those 
first developed by  F e d e r (personal communication 1965, and A s h 1 e y 
and F e d e r 1966), the chief modification being increased time in each step, 
especially the final methaeryla te  infiltration. 

Sectioning and Staining: Sections 1 to 2~r thick were cut with a glass 
knife on .a Hux ley  ul,t~am',ier,ot,o~ne. Thes,e were pIa.cad in ,dr,ops ,of S.ei:tz- 
filtered aqueous 2 X 10-a,M CaHt(PO~)~ "H~O on new glass slides and 
al~o.w,e,d 4,o ,dry .overnigh,t at r,o,onl !trempera'ture. The use .of eMcium ,phos- 
phate  increases the clar i ty of staining by  stabilizing a metaehromat,ie eom- 
p,one,m which tend,s to smear 'the ,s,e.etti.o,n,s if they are ,dr,i,e,d down ,on water  
alone. Dried sections were washed for 1 nlinute under  running tap water  
to remove the excess of calcium phosphate,  then stadned with toluid,ine 
blue (O'B r i e n, F e d  e r and M e C  u l l y  t964), or a.cidified acid fuehsin 
(R o b i n  o w 19'66), or by  the periodic aeid-Sehiff's ,(PAS) reaction (see 
J e n s e n 1962). Before using ~the latter method it .i,s neeessary ~o block 
the free a ldehyde groups introduced by  acrole,in fixation. Two blocking 
agents were used; a saturated solution of 2 ,4-dini t rophenylhydrazine (DNP) 
in 15% aqueous acetic acid for 1,0 minu.tcs at room tempera ture  (modified 
from D a n i e l l i  1949), o.r ehlorous acid ( P t a p p a y  and V a n  D u i j n  
~965). The former method, while completely blocking Sehiff posit ivity,  
leaves m a ny  cell eomponents s.tained yellow while the latter blocks 
aldehydes equally well and does not stain the tissue. 

Photomicrographs .in col, our were taken on Ektaehrome type  B sheet 
film using a .didymium filter and appropr ia te  eolour correction filters. A 
d idymium filter was also used for the black and white photomicrographs of 
sections stained with tolui.dine blue. The ']?AS and aeid fuehsin sta.ined 
material  was pho.tographed using a Cor~ing #4.0,10 green filter. 

Even when small pieces .of tissue were used, the infil,tration of the extra- 
cellular material was incomplete if tissues were left in 'the methacrylate "monomer 
mix" for less than 2 weeks. The "monomer mix" should be kept in the dark to 
prevent light-induced polymerization. 
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General Morphology 
The mature vegetative Fucus plant consists of a leathery, strap-like 

thallus and a f lat tened conical holdfast which secures the plant to the 
rocky subs'tratum. The irregularly dicho.tomously .branched thallus grows 
apically, and has a thickened mid-rib region and much thinner lateral 
wings. 

The thallus consists of a single layer .of columnar epidermal cells, ,several 
underlying layers .of cortical .parenchyma and a central netw.ork of branched 
primary filaments and elongated secondary fibres embedded in a liighly 
meiaehrom,atic anatr~ix (Fig. 1 A). There are a few r,an, do,mly ,orie,n,t,ed fil.a- 
ments and fibres in the wing areas (Fig. 1 A)bu . t  'in the ,much ,thicker 
midrib both the filaments and ,the numerous fibres run axially (Fig. 6). 

All 4 cell types are .differentiated within 0.5 em of the .apex. The 
ep~Sd.er,mal cells ,and pr,i,m,ary fil,ament~s ,of the ~m,idrib .orig, ir~ate fr,mn a 
group of 4 to 8 initials in ,the peripheral layer at ,the base of a small 
furrow, elong.ated ,in .'the plane ,of the ~thall,u,s, at t,he 'tip .of each branch. 
A single, large apical cell as ,described by  W o o d  w o r t h (1888) fo r  the 
same species was never observed although numerous apices of bo.th 
F. edentatus and F. oesiculosus were sectioned serially. The apicaI cells 
are shorter and wider 'than ma,ture epidermal ed,ls and are further 
distinguished by  large, spherical nuclei and a low level of intracellular 
staining with t,oluidine blue. The lateral walls .of ,these Cells are thin 
and sometimes appear only as an .interrupted metachromatie line. 

Files of small cell,s are cut off by  Unequal periclinal .divisions of the 
apical cells (F.igs. 1 C and 4) and these in 'turn give rise to the network 
of .orientated primary filaments of .the midrib area. Figs. 1 C and 6 show 
clearly this development of myeelium-like tissue from. the parenchymatie 
tissue. As the young ,derivative eell.s round up, the extracelhlar  space 
greatly increases s,o that cells a few layers benea'th the apex are in con- 
tact over .only a relatively small area. The wall in this contact region 
is thin and intensely PAS-positive. 

The filamentous network of the midrib appears to form as the result of 
predominately transverse .divisions and axial cell 'elongation accompanied 
by stretching caused by  more rapid growth of the epidermal layer, i f  
cross sections .of fresh, young thallus are cut by  means of two razor blades 
held tightly together, the tension existing between .the inner and outer 
layers of ,the thallus is readily ,demonstrated by the strong inward curling 
of ,the .ends of the tissue slices. During the formation .of the filamentous 
tissue, the lateral connections between the original parenchyma cells remain 
ir~act and bee~me ,the pit eonrmcti, o.rrs b,e~ween .a,diaeent fil.am,e~t~s (Fig. 8). 
Remnarrt~s .of .the ,o~ginal pr'i~n,a,ry w.all:s (E 11 i ,o t 19'51) can be seen where 
filament cells have no,t extended their full l'ength (F.ig. 9). Subsequent 
elongation of these cells must rupture lhe ,original walls and, the small wisps 
of PAS positive material in the intercellular ~spaces of older filament tissue 
(Fi.g. 5) are the remains of these torn walls. The formation of the filamen, is 
is accompanied by  ,the laying down of a thick, modera,tely PA,S-pr 
inner wall. None 'of this material is deposited .over the laferal pits .or on 
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the end walls so that ,the latter are ~in eff:ect very large pits, The pits are 
strongly PAS,posd'$ive an, d mret,achr,oma,flic. N.o pl.a:s00ao,de~ma.ta can be s.een 
with the light microscope using the present methods, although they were 
described by  H i  c k (1885) in sections .of F. oesiculosus and F. serratus 
which had been swollen by :alkali ,treatment, and their presence ,in F. oesicu- 
losus ha:s been ,confirmed witth the electron .~icrosc.ope (IV[ c C u l 1 y, 
urrpubl4s.hed). 

The epidermis consists of cells f.ormed by  anticlinial .d.ivisi.ons firstly of 
the apical in.trials and snb,sequently the epidermal cells themselves, 
especially in the upper 1 cm of the ,thallus. Unequal, periclinal dirts,ions 
at the .base of these cells cut .off' the ,cortical parenchyma. 

The network of filaments of the thallus wings originates from the inner 
layers of the cortex. The mode ,of pro ducfi.on of th.is reticu]um from a 
parenchyma tissue r~emb]es that in the midrib except for a more random 
orientation of div.ision and elongation of the inner cortical cells. 

There are large pits ,in the l~ower lateral and basal walls .of "the epidermal 
cells and similar pits also ,occur between cort.ical cells .and their filamentous 
derivatives. 

Secondary fibres first appear ca. 0.5 era behind the apex, as thick-walled, 
narrow-hmened lateral projectiorrs from primary filaments (F.ig. 7). These 
fibres ,grow intrusively .down through the thallus toward the holdfast. 
Their growth is apical and they have few cross walls. Most .of the fibres 
grow through the midrib but a few are ~oun.d ,in the wing m'edulla. 

The holdfast consists of a narrow, callus-like cortex surround,ing a main 
bo.dy of closely packed fibrous .elements (Fig..1 D). The organ is ~orlned 
entirely by  .the continu.ous downward growth of fibres from ,the thallus, 
which .on reaching the substratum turn outward and differentiate paren- 
chy~n.a toward the per~iphery of the ,d~is,c. Tl}ris peculSar @row,t~h hab~,f, vzh~ich 
has been described .by M.o s s (1950b), continues throughout .the lif'e ,of the 
plant (several years in the case .of F. oesiculosus) and results in a continuous 
increase in the diameter .of the .ho]dfast. The diameter .of :the lumen .of a 
holdfast fibre is about btwice that .of a thallus fibre, and ~the ,cells of the 
former are shorter. The fibre crosswalls are th.in and .p,itlik~e .but there 
are n.o lateral connections between fibres. Pits, however, d,o ,occur between 
the .cortical parenchyma cell,s. 

Histological Detail 
Extracellular Material: Prev i.ou~s light and elecfr.on microscopy of,thallus 

tissue has .d~s;tinguished 2 co,m,p,oiaen,t,s in t,he ex,tra,cetlul,ar m,altrdx--(a) ttrick 
fib,l~il~ar w,all's wtrich ,surro,un,d all the cells and (b) amor,ph, o,us mater,Jal which 
fills the intercellular spaces .(M c C u 11 y 1965). All the extracellular mate- 
rial of ,the thallus ,stains metachromatically (pinkish) with toluidine blue 
(F~g. 1 A). The PAS reaction, however, gives differential staining ,of the 
walls ,and the matrix--the walls being PAS-positive ,and the intercellular 
ma,terial either PAS-negafive or only weakly stained (M c C u I l y  1966). 

Metachromatic stain,ing by  thia~zin dyes such as ,toluidine blue .occurs 
with high molecular weight compounds having free carboxyl, sul.phate or 
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Fig. i. 

Fig. i A. Cross section thallns i cnl from apex, showing epidermal cel.Ls (E~), ~eor- 
t ical parenchyma (C), p r ima ry  filaments, (PF), and secondary fibres (SF).  Acrolein- 

HgC12 fixation. Toluidine blue staining. Xt90. 
Fig. i B. Detai l  of young epidermal  .and cortical ~cells which are  just .outside the 
apical  groove, showing pits (Pi), nuclei (N), plas.tids (P), iand metachromatic 

granules (G). Acrolein-HgC12 fixati,on. T:olui,dine blue staining. Xl,10'0. 
Fig. 1 C. Longitudinal  mid-section of the 4hallus cut across the  Jong axis of the 
apical  groove (AG) showing epidermal  cells (E~), apical  eells (AC), and the young 
p r imary  filaments (PF)0 and the external  relict]age (EM) in the apical  groove. 

Acrolein-HgCl~ fixation. Toluidine blue staining. X130. 
Fig. i D. Section through xne,dulla o.f ho.]~dfast showing fibres (HF). -A-crolein-HgClz 

fixation. T o h i d i n e  blue staining. X100. 
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phosphate groups (B a r k a and A n d e r s o n ,1963). In  ,particular, this 
colour .shift is characteristic of ;sulphat(~d polysaccharides, polyuronic acids 
arrd p,olyphospha:tes. On  t[he other ha~d, ~t~e PAS r.eact'i,ort 4s co,ns~dered 
quite specific for polysaceharides having free hydroxy l  groups on 2 vicinal 
carbon .atoms (H o t c h k i s s 1948). ,The `principal Fucus polysaccharides 
of high molecular .weight are the  polyuronic acid, algin.,ie acid and the 
sulphated polysaccharide, fucoidin. Both these compounds should stain 
metachromatically because .of the free carboxyl groups in alffini,c acid and 
the ,sulphate esters in fucoid,in. Moreover, al~inic aci,d .although carb- 
oxylated, still has free adjacent  vicinal hyd roxy l  groups (,see P e r e i v a 1 
1.964) and therefore must also .be PAS-positive . (Hot  c h k  is  s 1948). How- 
ever, fucoidin lacks free vicinal hydroxy l  groups (C o n c h i e and  
P e r .c i v a 1 1950) .and is ..therefore .PAS-negative. Analysis .of Fucus tissue 
indicates ~only two other polysacchar.ides, cellulose and Iaminarin, present 
in addit ion to ,the alginic acid and fucoidin ,(B 1 a c k .e,t al. 1953). Of  these, 
cellul'ose is present ,in very .small quant i ty  an, d, ,although PAS-positive, 
w.o,ul'd n.(~t stain met.aehron~atica,lly. Laa~in~ar~in d.s ,a short ,ehMn eomp.o~nd 
(see M e e u s e 1962) and therefore would ,probably ~not be retained by  the 
fixat'ion procedures. ,Laminarin has ne,i,ther ad.jacent [hydroxyl !groups 
nor free sulphate ,or carboxyl groups and even if ,presIent ~it w.ould not 
stain with either 4~oluidine ,blue :or the PAS reacti,on. 

On  the basis .of tolui.dine blue metachromasy and re:action to 'the PAS 
procedure, i,t ,appears ~that in the thallus the alginic acid 'is mainly  confined 
to :the fibrillar wall  areas whereas the fucoid.in ~is ~the ran,in component of the 
amorphous matrix.  This ,~is~r.ibuti,on ..of .the ~),olysacchari~des [has been 
confirmed ,by additi~onal histochemisiry and  differential extraction proce- 
dures (,M c C u 11 y, ,in preparation). 

The staining reactions of the holdfast  are similar to :those ,of the thallus. 
The fibr~llar walls, .especially ,of the holdfast  fibres are intensely ~PAS- 
positive. Both these walls ,and 'the matr ix  material  are metaehroma, tic bu t  
this metachromatic col'our ~is an, ore rod (Fig. 1 D) ,than tha t  ,developed by  
the thallus matr ix  and possibly the polysaceharides present may  be  .some- 
wha,t different. 

The ,origin of the intercellular matr ix  can be seen by  .comparing sections 
prox.im.al to the apex (Fig. 1 C) with more ,distal ,sections (F~.g. 1 A). There 
is no 'intercellular material  between the thin lateral walls .of the ap4eal cells 
bu,t it appears between the 'earliest per.ielinieal derivatives ,of these ceils 
and continues t.o r the increasing 'intercellular space up to ,the t ime when 
filament formation beffins. From tl~i.s point up t.o about 0.5 cm from ~he 
apex the intercellular space grea,tly increases but  .this ,is not matched by  
matr ix  f.ormation. ~owever ,  by  i to :2 cm from the apex all ~the spaces 
are filled (Fig. 1 A). 

The .outer epi.dermal walls of .cells cl'ose to the apical groove are thicker 
than tho.~e 0.5 cm ,or ano:re ,bekin, d ,the apex. Abl ~ar,eas .of these wall,s are 
metachromatic, but  PAS .stainJing .shows 3 dis,tinct layers present 4n cells 
near the thallus apex- -a  thick ,inner layer  which is weakly  PAS-positive; 
a .strongly PAS-positive aniddle layer .and a 'thin weakly  PAS-posifive 
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outer layer (F,igs. 1 B, t C, 5). These 3 layers are es.peeially well developed 
in the ap,ical groove, most of which is filled ,by a pr.oliferat'ion .of the .outer 
layer. The ou.ter layer ,becomes quite diseon, tinuou,s in the ~ol,der part.s of the 
thallus and in some eases much .of the second layer ,disappears as well. 

Cytoplasma: There are no non-vacuolated cells in the vegetative tissues 
and even the apical cells contMn .many .small vac~l,oles. At matur,ity, the 
cyto,pla~sm .in cells ,o.f .all types i,s &i,stri,buted !in a :th~in, .per,inuclear s,hea'th 
a .delicate r.eficulum ramifying hetween the vacuoles and inelusi.ons, and 
in a thin per'ipheral layer. Tolu.i.dine .blue staining reveal.s s.ome cyfopl.asm,ic 
bas,ophili.a in 't~he apical cell's, ~their im,m,ed,ia,fely un, derlb~in,g .der~ivatli~,es, 
and 't,he cells of ~the pr,imary fila~m.entis. I,n ~so,me mat.er~i, al ;the inner ,paren- 
ehyma cells also .show some ,b,asophilic strands. ,No .cytoplasmic ,basophilia 
can, however, be seen among the densely packed vacuoles of the epidermal 
and .outer cortical cells (Fig. 1 B).or in the 'fi,bres and parenehyma of :the 
thallus and the hol.dfast. On the other hand,  acid fuehsin ,staining shows a 
te.nu,ous network ,of eytopl,asm ,in ,all *Re eel,1 iype:s. Thhs n,e'two~k ~i:s m,ost 
prominent ~in the young cells .close ,t.o the apical groove and ,in the cells 'of 
the ho.ldfast. 

Nuclei: All the cells are uninucleate. The nuclei of apical  celIs and 
immediately underlying derivatives are spherical .and .ca. 10,it in .diameter. 
Th.ose .of the cortex, filaments .and fibres are ;also spherical but somewhat 
smalIer. Ma.ture .epidermal cell nuclei .are quite .gifferent; the pla,sti, d.s are 
arranged to form a cup at the base of ,each cell .and the nucleus .i.s flattened 
into this cup. The nuclei .of the apical cells afso tend to be ,basal, trot there 
is no ,preferred posi'tion of ,the nucleus in cells ,of the .other types . '  

All ,the nuclei reveal a uniform slight .acidophil,ia with acid fuehsin. 
With  totuid.ine blue, however, .different nuclei give quite different reactions. 
When the tissue ,i,s post-fixed with mereurde ,chloride and ,stained with 
tolui.dine blue; the nuetei .of .the apical cells .and 'their nearby ,der'ivafiv.es :are 
e i ther!unstained or fa int ly  green, while those ,of the otder .oort.ex ,and 
medulla region and of the hol, dfast are ,basophilie. The eolour of the latter, 
however, ,.is ,blue. rather than the purplish ,blue ,basoph, ilia .of higher ,plant 
nuclei. Moreover, ,the eolour is unifo.rm over ,both nucleus a n d  nueleolus 
and there ~s no clumping of ehromatin. On  :the other hand, epidermal 
cell nuc!ei ,are never bas,ophilie ,but ,stain di,stinetly p ink  with tolu~i.dine 
blue. Ilarely, nuclei of young parenehyma .ceils which have recently ,been 
cut off.from the epiderm'is also stain .pink (Fig. 10). 

The .peripheral ,clumping .of ehromat,in eliaracteristic ,of higher  .plant 
nuclei is no.t seen in a n y  Fueus nuclei although it is mMntained in h'igher 
plant, tissue fixed and  stained .by the same methods. .I t .o y (1938) observed 
a ,prominent ehromatin network in .all nuele,i ,of F. ves-iculosus f, ollowin,g 
a ,different fixation procedure. 'One or two. large nucle,oli are present ~in :all 
the :nuclei except those ,of the .epidermal cells ,in which they are .not 
reyealed ,by 'these .s,taining ,methods. 

Theep idermaI  cell nuclei .of tissues not post-fixed with mercm, ic .chloride 
slain pink as ,bet,ore with ,tolui.dine Mue .but many  ,of those of the paren- 
ehyma, and filaments stain green. The .only ~ba,sophil.ie nuclei are those 
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in ,some .of the older filaments and secondary fibres .of the thallus. This 
an, om,alous s~ain,in,g resu,lts arppar;ently fro,m the ,m,o.r,d,an.i~ing .of n,uclear co m- 
po.nen,ts by  unfixed p,olyphen,o~s which are subsequently stained green by  
toltridine blue. The absence of green ,staining 'in .the pink nucl.N perhaps 
refl.e,ets a peculiar arrangement .of nuclear components wh,ieh doe,s n,o't allow 
bin,d,ing with p.olpp,h,enols. 

Fig. 2. Cross section through thallus I cm behind the apex showing distribution 
of plastids (P) in the epidermal cells (Ep), cortical parenchyma (C), primary fila- 
ments (PF), and secondary fibres (SF). Acrolein fixation, acid fuchsin staining, 

X170. 
Fig. 3. Section through eortex and medulla region of h oldfast showing plastids 
in the holdfast parenchyma (HC) and fibres (HF). Acrolein fixation, acid fuchsin 

staining. XIT0. 

Only  2 diwisi.on figures were ,seen in all the t:is,sue examined and these 
were in cortical cells. This is interesting in the light of observations by 
F a r m e r  and W i l l i a m s  ( 1 8 9 8 ) , Y a m a n o u e h i ( 1 9 0 9 ) , a n d R o y ( 1 9 3 8 )  
who found appreciable numbers of division figures only in material  which 
had been collected and fixed from plants covered by the incoming tide. 
Since all the plants used in the present s tudy were collected and fixed at 
low tide, it seems likely that  mitosis is infrequent  in exposed plants. 

Plastids: Figs. 2 and 3 show the ,distribution ,of pl,asti&s 'in cells of the 
vegetative t~,s.sue. They occur .in cells .of all :types but .are most numer.ous ,in 
the mature  epidermis and  ,cortex of the thallus. Epidermal  ceil plasti.ds 
are discoid and lie at  the .base of the cell in a eup-shape,d shell around 
the nucleus (F:igs. 1 B and 2). Those .of the eortie,al cells are ~l'i.ghtly larger 
and are preferential ly distr ibuted against the outer perie~,inal walls, 'esp.eei- 
ally in the outer cell layer,s (Fig. 2). The 5mmature plas'ti.d.s of the apical 
eell, s and nearby derivatives are small spheres, ca. 1,u ,in diameter and 
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are ,scattered thr,ough.eu.t t,he cells. Ther~e ,are .only a few pl.as,t~ids ,in t,he 
pr imary  filaments but ,al'th.ough 'they are small in diameter they are 
elonga.ted up 6o ca. 4.~.. There are ,a few small, spherical plastids in the 
fibres of the holdfast and thallus and they  resem'bl.e the immature  ones 
of the .apex region. In addi[i,on, there are small, ,discoid plast'ids in 'the 
hold fast parenchym a. 

Table ]. Vacuoles and Inclusions Distinguished by Toluidine Blue Staining. 

Colour Shape Approx. Distr ibut ion 
Diam. 

Colourless /-irregular 1 # 

Pale green 

2-roughly spherical 

l~oughly spherical 

Turquoise Amoeboid 

4/z 

4 #  

i# to 4 #  

Grass-green Amoeboid 4 # 

Pale pink Roughly spherical 4 H 

Deep purple Granules 0.5 ft 

Bright  pink Roughly spherical 3/z 

All cells. Most prominent  in meri- 
stematic cells around apex and in 
epidermal cells. 

Inner  cortical parenchyma and pri- 
mary  filaments. 

Many in young epidermal and cor- 
tical cells of thallus and  in cortical 
cells of holdfast.  Few in older epi- 
dermal cells, f i laments and fibres. 

Many in mature  epidermal cells and  
outer cortical parenchyma.  Few in 
pr imary  filaments and  fibres. 

Fibres of holdfast. 

Inner  cortical parenehyma,  Few in 
mature  epidermal cells. 

All cells except apical group. Most 
prominent  in epidermal cells. 

All ceils except apical group-most 
prominent  in cells of epidermis, cor- 
tex and  filaments. 

All the plastids are strongly acid.ophilie '(Fig. 2) but unlike those of 
higher plan,ts 'they have little bas.ophil, ia and appear  unstained with tolui- 
dine blue (Fig. 1 B). 

Mitodmndria: Rod-shaped acidoph~ilic ]~,odies resembling mitochondria 
are present ~n cell,s ,of :all the types and are .especially numerous .in the 
holdfast fibres and parenehyma. There ,is a notable accumulation .of these 
organelles .at the ,apical ,poles .of mature 'epidermal cells .an, d ~.ere their  
identi ty as m.itoehon.dria has been confirmed wi,th ,the electron micros.co.pc 
(M c C u 11 y, unpubfishe.d). 

Vacuoles and Inclusions: Tolui.dine blue ,staining d'istingu,ishes a variety 
of non-cyt.o.plasmic components in the veg.etative tissue. These are listed in 
Table 1. 

Greenish-stair~ing vaeuol.es, which are ,the m,o,st eor~sp,icuous of these 
inelus'ions are pres.en,t in all e.ells except the ,apical group. Those of the 
holdfast fibres stain a .distinct grass-green eolour and are peculiar t.o thi.s 
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i,iss,ue (Fig. 1 D). All the r.em,aining cells have ,b,oth pale-green and  ~turquolise- 
stairring vacuoles, the former being more numer.ous in young epidermal 
and outer cortical cells (F'i.g. 1 B), while there are re, ore .of She t.at't.er in 
mature cells of the ~same types (Fig. 1 A). Outer  eortical cells, especially 
those ly.ing ~over the midrib are crammed with green-staining vacuoles and 
only close examination reveals the tenuous network .of cytoplasm ramifying 
throughout the non-cytoplasmic cell c,ontents. 

Observati.ons of t.oluidine blue ,staining of Ibo,th s.ecii.ons of lignified 
cell walls and solutions .of pure compounds have ,shown that  a green- 
staining reaction .in aqueous s.olu~ion is commonly associated with poly- 
phenols (O'B r i.e n, F ,e d e r and M c C u 11 y 1964, and unpublished re- 
sults). I t  seems clear, therefore, that  the green-sta:inirtg bodies in Fucus  
cells are ~the p olyphenolic physodes first described by C r a  t o  .(1893). 
The 3 .diff;er.en~t green co.l.ours .of the'se vac'u.ol.es may  s imply reflect ,d~f- 
ferent concentrations .of a single tanrrin-like compound or they may  ,indicate 
the presence ,of different polyphenols. Indeed, ,the results ,of C h a ~d e f a u d 
(19'52) and A n d  o (195S a and b) suggest strongly thai  several .different 
tannin-l ike compounds are .preesent in the Pha'eophyta. None of 'the p oly- 
phenolic bodies give a positive PAS reacti.on but they ,are l ightly sta,ined 
by acid fuchsin. 

There are 2 sorts of vac,uole,s which are n.ot s~t.a,ine,d by  tol'u~,dine 
blue--(a) small, i rregularly-shaped ones pres.ent in all cells but  m, o st 
promiuent as ,the only  non-cytoplasmic c,omponent ,in the apical  cells, and 
(b) ~he larger, spherical ones which fill most .of the volume of the .pri.mary 
filaments and inner cortical parenchyma cells but  which are uncommon else- 
where. I t  is also to be noted that  neither ,of the.se types of vacuoles is 
stained by  .either ac,id fuchsin .or ,the PAS reaction and the vacuolar 
contents have apparen t ly  not been pre.s.erve,d. 

There are 3 types of meiachromatic (red .or pink-stained) inclusions and 
these have quite different ,distributions. Pale pink vacuoles are present 
ma,inly in inner parenchyma eells which are ca. 0.5 cm .or more from the 
apex, and there are also a few ,of these vacuoles .in mature pr imary  tiM- 
ments. The most wides.pread metachromatic component, the irregular, 
bright p~ink-,staining bodies are ,in all cells except  those of the apical group. 
These inclusions are found ~ a i n l y  in a perlnuctear pos.iii.on although they 
occur elsewhere, especially just inside the p~asma membrane. These bodies 
are most prominent ,in the early periclinal der:ivat,ives ,of the apical cells 
and in the pr imary  ~ilamen.ts. The third type  of pink-stained inclusion 
is quite different from the others, be,ing .dense and granular  in appearance 
and very deeply  met.achromat~ic. There are a few of these granules in 
cortical al~d me'dullary .ce~l:s bn~t they are m.os,t .pro,minenf in the ,epider~mi.s. 
Here they are at first scat.tered throughout the young cells which are close 
to the apex (Fig. 1 B) but increase ~in number ,and accumulate at the apicaI  
pol'e in older epidermal cel~s, where they  tend t,o aggregate ~into larger 
particles (Fig. 5). They also accumulate .against newly-forming an,t,iciinal 
walls. These granules are PAS-po~sifive but all other metachroma~ic in- 
clusions are PAS-negative. 
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Although it is most likely that the v.arious PAS-positiv.e and/or  meta- 
&romat ie  ~nelusinns contain p.o.lysaeeharides, other p~os~sibilities should be 
e0n,sidered. Polyphosphates  are el,so menkaehromat~ie (B a r k a and A n d e r- 
s o n 1903), but  although these substances are widespread in the algae (s'ee 
review by  K u h 1 1962), they have not been reported ,in the Phaeophyeeae .  
However,  because of the possibility that  s,ome of the metaehr,omat,ie material  
in Fueus cells could be polyphosphate ,  seetimrs were extracted with cold 
triehl.oraeetie acid. This extraebion is considered to remove the meta- 
chromatic eomponen,t ,of polypho,sphates ( K e c k  and S t , i e h  1957). None 
of the metaehr.oma~ie components of the Fueus cells were ex t rac ted  by  
~hi,s pr,oeedure although the same method removed the metaehromaey from 
known polyphosphate  granules ,in s!eenkions ~of higher plants which had be,en 
similarly fixed and embedded.  

There  is also reason to question the polysaeeharide nature  ,of the PAS- 
pos4nkive granules in this polyphenol-r ieh mater,ial. I t  is known firstly, tha t  
lignin is stained by  Sehiff's reagent (see J e n s e n 1902) and secondly, thank 
some tannin-l ike components ,of higher plant  cells are PAS-po,sitive (H r g e 1 
1960) .  The f, ollowing observations, however,  seem to confirm ,that the 
PAS-posJtive granules 'in Fueus eell,s are polysaeehar3ide. 

1. Unhydrolysed  tissue in which the free a ldehyde gr,oup,s have been 
p roper ly  b to&ed by  DNP or &lorous acid t reatment  do nonk stain winkh 
Sehiff's reagent. After  blocking and subsequent periodic ,acid hydroly,s,isnkhe 
only PAS-p.o,sitive ,in,traeellularmateri,al,s are ~nkhe smMl gr ,anules~the vard.ous 
physodes do not stalin. 

2. When ,s'eet,ions are nkreanked for 24 hours with chlor,ous acid, nkh,e t,olui- 
dine blue green-stail~ing components disappear .  Although not eonelns.ive, 
it is l~ik,ely that  the polyphenol ie  materi~als are ex t rac ted  by  tt~is treat-  
mennk; however,  the granules remain PAS-posink:ive. 

Fig. 4. Longitudinal mid-section of thallus cut across the long axis of the apical 
groove (AG) showing apical cells (AC) and their perielinal derivatives (AD). 
The cell nuclei (N) and the intensely meta&romatie intercellular material (I]1) 

can be seen. Acrolein-ttgC12 fixation. T olnidine blue stain. X650. 
Fig. 5. Cross section of thallus just outside the apical groove showing outer wall 
(OW) of ~he epidermal cells (E)) and the PAS-positive granules (G) within these 

cells. Aerole.in-HgCl~ fixation. DNP block. PAS reaction. X850. 
Fig. 6. Longitudinal mid-section of thallus iust below apical ceils, showing the 
pulling apart Of the young apical derivatives (AD) and the formation of the 
primary filaments (PF). Acrolein-HgC12 fixation. DNP block. PAS reaction. XI0,0. 
Fig. 2". Section through medulla, 0.5 em from thallus apex showing origin of 
secondary fibre (SF) from primary filament (PF) cell. Acr olein-HgCls fixation. 

DNP blo&, PAS reaction. X400. 
Fig. 8. Longitudinal section l em from thallus through celIs of primary filaments. 
A lateral pit (Pi) and pit-like cross walls (CW) can be seen. Aerolein-I-IgC12 

fixation. DNP block. PAS reaction. M450. 
Fig. 9. Section through elon,gating primary filaments showing remnants of original 
primary walls (O), inner thickening of walls (T) and pit-like cross wails (CW). 

Acrolein-ItgC12 fixation. DNP bl,ock. PAS reaction. X520. 
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Figs. 4--9. 
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On the 5asis ,of che above eonsi.derat,ions and the PAS and meta- 
chr.o.mat.ic staining reacti,ons of alginic acid and fuco.i,din discus,sed in the 
section deal,ing with .extracellular nraterials, 'it is now possible ,to id'entify 
with considerable certainly the various PAS-p~sit,ive .and metachr,omatic 
intracellular component,s ~of Fucus cells. The vacuoles which .sh~aw pink 
metachroma,sy but arc PA,S-n.egative and which are ,often observe,d in a 
perinuclear or peripheral  posi~i.on in the cell.s probably contain ~the 
sulphated poly,saccharide fucoi,din .and this pol~saccharide i's aLs.o present 
in :the ~intercellular matrix. The m,etachromatic bn,t PAS-po,sitive granules 
which are scattered ,thr, onghout almost all :the cells probably contain alginic 
acid and this polysaccharide :is the maj,or component of the fibrilLar walls 
which surr~ound all .of the cells. 

Discussion 

The mas,sive production of ex~,tracellular pol~sacchari.de is the mos't 
out,standing feature of 'the v.eg,e~tat'ive ,t,issue. The ,origin ,of tl~i~s material 
is .of .interest. The 'thick, fibrillar walls are probably best considered as 
pr imary,  since ,even in the case .of the medul lary  fiLamen,ts where 'there 
is considerable thickening of ,the walls .dur,ing the ~ransition from paren- 
chyma t.o filamen.t, this thickening ,of the wall,s 'is laid .down wh:ile the cells 
are ~st, ill growing (Fig. 6). On  'the .other hand, the intercellular ma'trix i,s 
secondary .in the ,sense that  ~t is .secreted through an .exis:Ling prim.ary w,all 
into an extracellular  space. This secondary for.mat4on i's .apparent f~om 
comparison .of Figs. 1 A, 1 C .and 6 where .Lt can be seen tha,t the s.eeJ~etion 
of .matrix doe,s not keep pace with ,the expan,sion ,of the ,intercelluLar ,space 
and tha.t .it is n.et un,til s~o.me ,dd,si,anee f.rom the apex ,that secre'td.on catches 
up and completely fill.s the .space. 

Eleetr,on miero'scopy ha,s not revealed any pores in ,the ,inner walls, hence 
the secreted polysaccharide must escape by permea'tion through the fibrill.ar 
reg.i.on .of the wall. 

The idea of a ,secondary .or'ig,in .of the matr ix  material does not .occur 
in the .earlier Fucus literature. I,t was eonsid.ered to re.suit from a swelling 
(S t r a's b u r g e r 1887) .or gelatini'zation (R e i  n k e  1876) .of an existing 
middle lamella. Al,though the po,ssibi.lity .of polys.aecha~ide movement 
through a fibrillar wall has not been g,iven much consideration in botanical 
litera,ture, it has been postulated by  S e h n e  p f (19,63) for :the mucilage 
secreting cells of DrosophvlIum, and B u e  r (1964) ha~ presented a g.o,od 
ea:se for the "Ausschwitzen" of ~h,e mueila.g,e thr, ough 'the fibri.llar walls 
of several species .of the Zygnemataceae. 

The increased resoluti,on .obtainable with the present hi,stol.ogical me,thods 
gives some information ,on 4he Locat'i.on ,of the poly,s.aecharide production. 
It seems very likely that the vat.torts metachrmna'tie inelu,sions in these 
cells are polysaccharides of Kigh molecular weight- -probably  alginie acid 
and fueoidin. Th.e r.elat~ively large concentration .of these inclusi.on,s 'suggests 
strongly that  they are syn~t'he.s,i.zed with:in the cell and sub.s:equen'tly move 
.out thr.ough "the plasma membrane and the fibrillar wall. 

1Recently, iso,tope Labelling of Triticum to.or polysaccharide.s (N,o r t h- 
c o t e  and P i c k e t . t - H e a p , s  1966) has confirmed 'the suggest,ion from 



Histological Studies on the Genus Fucus. I. 301 

previ.ous work (M .o 11 e n h a u e r, W h a 1 e y and L e e c h 1961, D r a w e r t 
and M i x  1961, S i e v e r s  1965, S e h n e p f  1965, and R , o s e n  et al. 1964) 
that  po]ysaccharid,es o.f high m.olecular weight can re,owe through !t'he 
plasma membrane of plant  cells. M o o r e  (1965) }ras presented hi,sto- 
chemical evidence for the product,ion .of gela~tinou,s poly.saecharide mat.erial 
in the cyt.oplasm and its subsequent movement ,through pores in the wails 
of some fungi, but  there i.s no conclusive histochemical evid.enee for the 
movement .of polysaecharides through the pla.s.malemma in other pl.ants. 
On ,the .other hand, 'it has been firmly establ.ished that  polysaecha,rides are 
secreted through the plasma membrane o.f animal cells. B e r e  n,d es  (1965) 
has shown by correlated h.istochemical and electron mier.oseope studie,s tha t  
polysaccharide granules move ,out ,of some ceils in Drosophila sa}ivary 
glands. It has also been demonstrated conclusively by  histoch,emistry, 
isotope labeling and d'ifferent,ial .extrae,tion 'techrriqu,es, 'that .ch, on, d.r,ott.in 
sulphate is polymerized ,ins:ide elmndro.cytes and subrsequently moves 
through the pLasmalemma to the surrounding cartilage matr ix  (G,o d m a n 
and L a n e  1964). I t  ,seems reasonable t.o postulate a stmilar movement of 
polysaccharides ,out of Fucus cells especially eons.i.dering .the similari ty of 
the two sulphated polysaechar`ides, fueoidin and ch.ondro,itin sulphate. 

The morphology of the highly polar~ze,d epidermal cells with their  bas,al 
nuclei and plastids, numerous polysacchar`ide granules ,and apical m.it'o- 
ch,ondria suggests 'that ,they are specialized for the s,ecreti.on .of p.oly- 
saecharides to ,the .outside .of the plant. Although the cells lifting the apical 
groove eo~tain many  fewer metachromat.ie inclusions than  ,d.o the mature 
ones ,outside the groove, there i.s, n~o.netheless, a eons~i.derable aceumulatt.on 
of mucilage within the sheltered cleft. Since, in ,growing plants, a ,given 
set ,of .ep~i,dermal cells remains w~i,thin ,the gr~o,ove for a short time only, it 
seems quite l ikely tha~ mature cells outs.tale the groove eont,inue to ,secrete 
polysaechari.des wh`ich are const.antly being slough.ed off' int,o th'e ,ocean. 
Secti, ons through outer epidermal walls in the upper  0.5 em of ,the thallus 
have feature,s strongly suggestive of such a process (Fig. 5). 

The .outwardly directed seereti.on of polysaech,arides by  ,the polarized 
ep~iderm,al cells is ,in contrast t.o, that  ,of the unp.olarized cells which 
obvi, ously secrete poly.sacchari.des ~n all dire.eti.ons. Parall,eis .exist in ani- 
mal tissue, where, for ex,ample, the tdghly polarized goblet ee~ls ,o.f the 
small intestine release mueopolysaccharides only through their apical poles, 
wh,ile unpolar`ized chondr.oeytes secrete lar.g~e amounts of chondroitin sul- 
phate in all directions. 

The spec~alizati.on of Fucus v.eg,eta~iv,e cells for .the production and 
secretion of large amounts of extraeellul, ar polys.aecharides, mainly alginie 
aei.d and fueoi.din, i.s .of fundamenta l  ecological significance. The f,ormati.on 
of a cartilage-Like tissue is an admirable s.olution to the mechanical problems 
imposed by the environment. The presence .of large amounts of hydrophi l ie  
p.olFsacchar`ides is of (~b.v,i,0ns i:m=p.ort~anee ,in pr,ev,en~i'rrg desi, cea~ti,on d.uring 
exposure. The embedment ,of all the cells in a matr ix  which is in eft:eel 
an i,on exchange resin must pr.ovi,de an .excellent buffer against sudden 
changes in the osmotic environment. Besides .discouraging • growth of 
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epiphytes, tile ,secreti.on Of p.olysaccharides from epi.derlnal cells can eon- 
ce,ivably be involved in .s.ome form of osmoregulat.ion by the transport  
of ions. 

The prop,oft.ion of cell vohtme occupied by the tannin-l~ke materials 
is quite remarkab,le, and there was much speculati,on in the .early ]iter,ature 
on the r.ole .of these substances. Nothing i's known, however, of ~their origin 
or functi,on w~thin the cell,s. In the thallus their presence ,seems directly 
correlated with apparent  phot.osynthetic activity, i.,e., they are mainly .in 
the epidermis and .outer layer.s of the cortex. Th%s correlat~ion, however, 
doe,s not apply  for hol.dfast fibres where they are also plentiful  and where 
phot,o,synthesis its .probably min'imal. ~qeeen~ work by  C r a , i g i e  and 
M c L a c h 1 a n (1964 a and b) has shown that  tannin-3ike compounds are 
secreted from healthy, intact Fucus plant,s and that  these ~ompoun, c[,s may 
be ,of considerable ecological significance to the plant:s by  their d.iff'erential 
control of the growth .of other algae. The e,scap,e rou.t.e ,of this tannin i,s 
not apparent  from the sectioned material. No po.lyphenolic compounds 
were located in the outer walls ,or intercellu.lar 'spaces, al though t,olui.dine 
blue s4a~ining of section,s which had  been ,dehber,a~tely m,o~dant,ed in Fucus 
extract showed thar even 1.ow tannin conc.entr,at~ons result in a green 
stain and a masking .of poly~aceharide metachr.omasy. It may  be th,at the 
tam,  in re~ea,se ~'s rhythmi.c and per:haps .ass,ociatec[ with 'the Jinco,ming t.ide 
s.o 'that .it was ,mi:ssed by  fixing at low ti, de. 

I.t ,is clear ,tll~t the ,a;p~ical .g~,owt,h ,of the Fucus t~hall,us ~ee,c[s f.ur,ther 
inve,stigati.on. The ~inding of a group of initi,als instead .of a single, large 
apical cell is ,surpri,sing consic[er,ing the class'ic, tex,tbo.ok use of Fuck, s 
as ,an exampl.e .of apical gr,owth f.r.om a ~s,ingl,e ,lar~g.e .cell However, the 
observation is not new. R,e i n k e (J876) descr:ibed a gr,oup of apical ~nitials 
of which one may  be somewh~  larger, and R , o s t a f i f l s k , i  (1876) 
described several similar "Bildungszellen" 'in the peripheral  layer a,t the 
base .of the apical groove, distirrguished from ~he epidermal eell,s by  their 
truncatec[ pyramidal  .shape a~d denser staining cytoplasm. These early 
observations, however, were refuted by O 1 t m a n n s .(18S9) and W o ~o d- 
w o r t h (1888) who always f.ound a ,single, large apical cell in the vari,ous 
Fucus species which they examined. The explanat ion of ~hes,e differences 
is obscure, but may  po,ssibly reflect the growth conditions .of the specimens 
examined. All the apices us,ed in the presen't ,study were collect,eel from 
September to Apr.il--,se.asons when thallus growth is maximum. Further,  
.only ap:ice~ from apparen~tly v.ig(>rous thalfi were fixed. ~.o summer 
m~ter.ial was examined. It may  be ~that a group ,of apical cells present 
during rapid growth ~s replaced by a :single large ce~ll under  condit:i.ons 
of slower growth. 

Summary 

1. Vegetative tissues .of Fucus have been fixed and embedded using new 
methods which greatly improve the resolution of h:istological detall. 

2. The mature thallus c,onsist~s .of an outer layer of columnar epidermal 
ceBs, ~sever,a.1 un.d,erly:ing layer,s of p arenchy,ma, and a medul lary  re~gion 
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of  b ranched  pr im,ary  filament.s and  e longated  s e c o n d a r y  fibres embedded  
in a me ' tachromat ie  matr.ix. The  hol, df.ast is m a d e  up .of an  outer  e a l h s -  
l ike cor tex  and  a medull,a of t h i & - w a l l e d  fibres also e m b e d d e d  'in meta -  
chromat ic  e x t r a e e l h l a r  maler ' ial.  

3. The  g rowing  po in t  of the thal lus  l'ies at the base of  an  ap ica l  groove. 
I n  'the p lan t s  .examined which were  r a p i d l y  growing,  there  .is a g roup  
of 6 to 8 ap ica l  ,inifi,als. 

6. The  results .of 't.o,luid,ine b lue  s ta in ing  and  the P A S  reac t ion  in,d'ieate 
t ha t  the a lginic  a.eid a n d  fueoid in  of the extraeel lul ,ar  ma~trix are  syn -  
thesized wi th in  the cell,s a n d  secreted ,thr.ough the p l a s m a  membrane .  

5. The  polar.ized epi.derm.al cells are a p p a r e n t l y  specia l ized for  the  
s.eeretion of  polysaeeJaar.ides t.o the .otrtside of the p lant .  

6. The  results of t .ohid ine  b lue  s ta in ing  suggest  4h.at there  .are poss ib ly  
3 different  ~type:s of p o l y p h e n o l - c o n t a i n i n g  vesicles present .  Two  .of these 
types  are  found  in the  e,ells ,of the ' thallus and  the  th i rd  is confined to cells 
of the holdfas t .  
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