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A Ifi r g e c e n t r i c diatom, t e n t a t i v e l y i d e n t i f i e d as 
Cogciaodj-sous p _ a v i l l a r i i i i i F o r t i , fms i s o l a t e d from 8, c o l l e c t i o n 
of samples taicen i n the c e n t r a l area of the S i e r r a Leone B i v e r 
estuary on 25rd December^ I 9 6 4 . I t s ! i ioi"phological characters 
a.re examined, s-nd taxonomic problems i n v o l v e d i n i t s i d e n t i f i ­
c a t i o n are discussed. 

Laboratory studies were made w i t h the diatom using 

u n i a l g a l but not axenic c u l t u r e s . The e f f e c t s of l i g h t i n t e n s i t j r , 

temperature, s a l i n i t y , d i f f e r e n t ce3-l sizes and v i t a s i n s on the 

groffth ra^te o f the diatom were examined, fhe s a t u r a t i n g l i g h t 

i n t e n s i t y was 6,000 l u x and, there Yms l i t - ' c l e or ro rlnhibiti ^ o n 

a t 15,000 l u x . The growth ( d i v i s i o n ) r a t e was v i r t u a l l j ^ unchanged 

over the s a l i n i t y ran.ge o f I 3 - ( o n e - t h i r d t o about f u l l 

s t r e n g t h sea w a t e r ) . The diaton?. survived a t s a l i n i t i e s below 

13^/00 but not a t 6.7 /oo and below. The smaller c e l l s 

(73 - 164/1) d i v i d e d f a s t e r than the l a r g e r ones (527 - 345 Ai), 

but t h e i r d i v i s i o n rates were independent of the r e l a t i v e growth 

constant. Of the three vitamins ~ b i o t i n , ooha-lamin and thiaiirlne -

only cobalamin Y-ras r e q u i r e d f o r vegetative growth. The groTfth 

r a t e i n the oobalamin medium was lower than i n the complete 

medium ( c o n t a i n i n g a l l the v i t a m i n s ) . I n the absence of b i o t i n 

i n the complete medium the growth r a t e was b e t t e r than i n the 

complete medium. 
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f h i l s t i n c u l t u r e , spore ( i . e . male gamete and auxospore) 

f o r m a t i o n occurred i n c e l l s o f about 20 - €Q% of the meaii 

Eaximum c e l l diameter (464 •- 44 j u ) . Spore f o n n a t i o n lowered, the 

v e g e t a t i v e growth r a t e and occurred during the exponential phase 

of growth. The extent to which the growth r a t e was reduced wsis 

dependent on the p r o p o r t i o n of c e l l s i n v o l v e d i n the a c t i v i t j r . 

The e f f e c t s of l i g h t , tempei'ature, s a l i n i t y and vitamins 

on spore fortaation were also examined. The favourable conditions 

f<ere - ( i ) l i g h t i n t e n s i t y o f SjSOO - 8,000 l u x , used e i t h e r as 

continuous l i ^ ^ t or as an a l t e r n a t i n g twelve hour light/da,rk 

circle J ( l i ) s a l i n i t i e s of 19 - 33*^/00, ( i i i ) temperatures of 

23 - 28°C. A l i g h t i n t e n s i t y of 11,000 - 12,000 l u z j tempera-

tur-es above and below the s t a t e d range; and s a l i n i t i e s of 

IB,5^/00 and beloTsr, i n h i b i t e d t h e i r f o m i a t i o n . The a l t e r n a t i n g 

l i g h t / d a r k cycle promoted b e t t e r spore f o n a a t i o n than 

continuous l i g h t , 

Cobslajain was found t o be r e q u i r e d f o r spore for m a t i o n 

although i t s action seemed to be l i n k e d with the proiEotion of 

vegetative gro?rth. Ihen b i o t i n ?fas omitted from the complete 

medium there was a n o t i c e a b l e increa.se i n the number of spox'es 

produced. 

L i g h t i s considered t o p l a y the most s i g n i f i c a n t i>ole i n 

sex d e t e i m i n a t i o n . Moreover, i t appeared t h a t spore for m a t i o n 
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i n the diatom i s a. r e s u l t of a short-day quantitati-ve 

p h o t o p e r i o d i c response complicated by an a d d i t i o n a l i o n i c e f f e c t , 

The methods of spore for'm.a,tion i n the l i v i n g m a t e r i a l , as 

w e l l as a probable case of Isogsmy are described and i l l u s t r a t e d 

by photomicrographs. 



2. HfTSODUCTIOI 
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Previous studies on the marrlne phytoplankton o f the S i e r r a 
Leone Hiver estuary have been mainly systeraatic (Thiemann, 1934 -
r e p o r t on the fterman "Meteor" Expe d i t i o n 1925 - 1927; Hendey, 
1937) and e c o l o g i c a l (Bainbridge, 196o). f f e t t s (1957; 1958; 
1960a, b; 1961) has examined various aspects of the hydi-ology 
and chemistry o f the estu.a-ry. These studies give i n f o r m a t i o n on 
the basic p h y s i c a l c o n d i t i o n s , species d i s t r i b u t i o n , and f l u c t u a ­
t i o n s i n the standing crop. No b i o l o g i c a l or p h y s i o l o g i c a l study 
of i n d i v i d u a l species found i n the a,rea i s kn.own t o the author. 

L i t t l e i s also known about the growth rates of t r o p i c a l 

diatoms. This f f ^ e t proiapted the desire t o undertake growth studies 

on the p r i n c i p a l diatoms i n the estuary. A few of the diatoms 

i s o l a t e d were s u c c e s s f u l l y established, as u n i a l g a l c u l t u r e s i n 

a r t i f i c i a l s y n t h e t i c media, i i l l attejnpts a t o b t a i n i n g b a c t e r i a -

f r e e c u l t u r e s of them proved unsuccessful. Imong the few 

i s o l a t e d was a l a r g e c e n t r i c diatora t e n t a t i v e l y i d e n t i f i e d as 

Coscinddiseus p a v i l l a r d i : ! . . F o i ' t i . Cultures o f t h i s di.wtoir. were 

observed t o produce auxospores (zygote) and m o t i l e male gametss*. 

*The phrase •'motile ma,le gamete" i s used after Kexiton and von 
Stosch (1966; f o o t note p.124) . The l a t t e r proposed the phrase 
s,s i t was unambiguous and a s t r i c t l y f a c t u a l statement. The 
terms "spermivim", "spermatosoid" and "microspore" are f a m i l i a r 
b o t a n i c a l ones but are considered t o be confusing t o E n g l i s h and 
German readers and do not "do j u s t i c e t o the developiaents,! 
uniqueness of the diatom, gametes among p l a n t s . " 



The occurrence of such spores i s always of i n t e r e s t t o diatomologists. 

and records of the methods o f forma t i o n have been rnany. Few studies 

have been concerned p r i m a r i l y w i t h the f a c t o r s which i n f l u e n c e 

t h e i r f o r m a t i o n . Therefore i t was decided t o i n v e s t i g a t e the 

method, as w e l l as how p h y s i c a l f a c t o r s such as l i g h t i n t e n s i t y , 

photoperiodj temperature and substi-'ate c o n d i t i o n s i n f l u e n c e t h e i r 

f o r m a t i o n (i.£. auzospore and m o t i l e male gsanete f o n n a t i o n ) i n 

p a v i l l ^ i - r d i i . The e f f e c t of spore f o r m a t i o n on the growth r a t e 

of the diatom has also been i n v e s t i g a t e d . 

A l l these i n v e s t i g a t i o n s have been made w i t h a u n i a l g a l c u l t u r e 

of the diatom, which was not s t r i c t l y b a c t e r i a - f r e e , b i i t -v-hich 

remained c l e a r f o r up t o two weeks w i t h o u t any noticeable or 

marked t u r b i d i by„ 

Problems conceniing the f a c t o r s promoting spore formation i n 

c e n t r i c diatoms can be s t a t e d as f o l l o w s : -

(a) Ifhat causes the vegetative c e l l s t o become 

sexu.8.1? 

(b) llhat causes the i n i t i a t i o n of gametogenesis 

i n the sexual c e l l s ? 

(c) ITiat conditions i n f l u e n c e the l i b e r a t i o n of 

the m o t i l e msJe gametes? 

(d) l l i a t causes the produots o f n e i o s i s i n the 

oogonium t o enlarge? 
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(e) ^Ihen and under what conditions does f e r t i l i s a t i o n 
ts-ke place? Before or a f t e r the enlargement of the 
oogonium? 

( f ) l h a t causes the auxospore (zygote) t o germinate 

or develop? 

The study has been maxle W3.th these problems i n mind. 
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' SpoĴ e. f9FJ^^?-P'R:^ ,̂,fî„ 'E£SiSJ£3^.JS^li22^ S e x u a l i t y 
The l i f e h i s t o r y o f a, majoritj'^ o f species o f diatoms i s 

chara c t e r i z e d by a vegetative c e l l d i v i s i o n which leads t o a 
constant r e d u c t i o n of c e l l s i z e . This i s a consequence of the 
nature and s t r u c t u r e of the f i u s t u l e and. the i n t e r n a l d e p o s i t i o n 
of new w a l l s . The redu c t i o n i n size ma;/ i n time be a r r e s t e d by 
the f o m a t i o n of auxospores, which give r i s e t o c e l l s o f the 
mexiamm size w i t h new valves and bearing a l l the c h a r a c t e r i s t i c s 
of the species. 

Spore for m a t i o n l a diatoEs and the co a d i t i o n s associated 

i f i t h t h e i r f o r m a t i o n received the a t t e n t i o n of diatomologists as 

e a r l y as the l a t t e r p a r t of the nineteenth century. Auxospore 

fo r m a t i o n i s conimon t o both pemi.e,te and. c e n t r i c dd.atoins. However 

male gamete f o i m a t i o n i s p e c u l i a r t o some c e n t r i e diatoms and i n 

the pa,st these s t r u c t u r e s have o f t e n complicated an understsjiding 

of t h e i r l i f e h i s t o r y , luxospores are l a r g e c e l l s which develop 

from newly formed zygote^s aiad, a,s there appear t o be no confirmed 

reports t t i e t they ax-e formed a s e x i i a l l y , thej^ are now regarded 

as the u l t i m a t e products of f e r t i l i s a t i o n . M o t i l e male gsjiietes, 

on the other hsjid, are regarded as being i n v o l v e d i n the 

' oogamous sexual reproductj.on of some c e n t r i c d3.atoms. 

M o t i l e male gajnetes vere f i r . s t described by Eabenhorst (1855) 

and since the,n there have been many records of them. I n the genus 
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Cpsoinodiseus i n p a r t i c u l a r male gamete f o m a t i o n has been 
reported by Murray ( I 8 9 6 ) , Selk (1913) , P a v i l l a r d (1914), 
Karsten (1928), Hofker (1928), Schmidt ( l 9 5 l ) , &ross (1937) and 
Subrahms-nyan (1946). Views on^nattire o f male gametes, and t h e i r 
f u n c t i o n s i n the l i f e h i s t o r y of t h e Centrales, ha^ve been 

• o o n f l i c t i r i g (liendey; I964). This s i t i . t a t i o n arose out of t h e f a c t 
t h a t i n nature m o t i l e male gajaetes are very seldom seen ^ .^i th 
auxospores, and i t was t h e r e f o r e d i f f i c u l t t o l i n k them together. 
HotTever, von Stosch ( l951a, 1954j 1956) xising e y t o l o g i c a l 
techniques has e l u c i d a t e d t h e i r nature and s i g n i f i c a n c e i n the 
l i f e h i s t o r y o f t,he Centrales. The method o f t h e i r f o r m a t i o n 
i n v o l v e s successive m i t o t i c d i v i s i o n s , which may give r i s e t o as 
many as 128 rounded bodies. These are f o l l o w e d , a f t e r a l u l l , 
by a s i n g l e meiotic d i v i s i o n of es^ch p-roduct, r e s u l t i n g i n the 
fo r m a t i o n of f l a g e l l a t e d swajmers, Y ih ich are i j E j - e d i a t e l j ' ' 
l i b e r a t e d . G e i t l e r (1952) characteriaed the swarmers as spermia 
and the n o n - f l a g e l l a t e d rounded bodies as spermatogonia. Yon 
Stosch (1956) questioned wiiether the swa.rmers ej:-e homologous w i t h 
the m o t i l e male gametes. The main o b j e c t i o n against t h e immediate 
acceptance of the m o t i l e male gametes as spermia was th .a t :i.n 
j;,ature m o t i l e niale gejnetes and auxospores are never" found t o 
occur simultaneously to such fin extent as would be expected i f 
they were i n v o l v e d i n a sexual process. F r i t s c h (1955) also 
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objected on some?i?hat d i f f e r e n t premises becsjise he f e l t t h a t 
m o t i l e male gamete and auxospoi'e for m a t i o n never seem t o 
synchronise but occur at d i f f e r e n t pba.ses o f the I j - f e h i s t o r y . 
However, von Stosch (1956) repea,tedly observed f e r t i l i s a t i o n i n 
stained slS-des i n B i d A . i l ^ ^ g r a n u l a t a and B. Piiombus. L a t e r 
Eamsf j e l l ( l 9 5 9 ) observed ixi FJiizosolenla hebets^-a f . semispina 
a number of auxospores and c e l l s c o n t a i n i n g m o t i l e ma.le gametes. 
Oliese were i n two pha,ses o f fo r m a t i o n a t d i f f e r e n t depths i n 
s t a t i o n s on the IJorwegign Sea. The aaxospores were more frequent 
than c e l l s w i t h m o t i l e male gametes and n e a r l y a l l were i n the 
same stage of development. 

Auxospores were f i r s t observed by Elebahn ( I 896 ) and t h e i r 

f o r m a t i o n and nature were demcnstrated by the resea.rches of 

G-eitler (1927, 1939, 1952) , Iyengar and Subrahmanyan (1944) , 

Subrahmanyan ( l 9 4 5 a , 1945b), and von Stosch (1951 , 1954, 1955, 

1956) and oth e r s . T h e i r f o m a t i o n has been reviewed by & e i t l e r 

(1935) , P a t r i c k (1954), G-rell (1956) , Le?mi a.nd & u i l l a r d (1963) 

and Bendey ( I 9 6 4 ) . 

The v e g e t a t i v e c e l l s of both pennate and c e n t r i c diatoms 

are monoecious and d i p l o i d (von Stosch, 1954) , W3.,th the exception 

of Shabdonema adr i a t i c u m which i s dioecious (von' Stosch, 1958 ) . 

The gametes ai-e produced d i r e c t l j r f o l l o i r i n g meiosis, the occurrence 

of ?/hich is r e s t r i c t e d t o c e l l s of a c r i t i c a l size range. The 
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s i z e range depends on the species but i s g e n e r a l l y 10 - 157& of 
the maxiiium, valve l e n g t h or diameter ( & e i t l e r , 1932; von Stosch, 
1951^; von Stosch and Deb.res, 1964 ) . S'he sexual process shows a 
s t r i k i n g d i f f e r e n c e between t h e pennate and c e n t r i c d i a t o E S . 
The pennate diatoms are c h s . r a c t e r i s t i c a l l y isogamous and the 
gainetes are aiaoeboid, whereas the ce,ntric diatoms are oogamous 
and the m o t i l e male gametes are f l a g e l l a t e d . 

I n the c e n t r i c diatoms the oogo.nia. axe usually?' s l i g h t l y 

extended c e l l s w i t h an elongated or i n f l a t e d nucleus, (von Stosch, 

1954) . IJonaally one'egg n i c l e u s i s jsroduced, f/ i t h o u t c y t o k i n e s i s , 

i n each oogoniumj since one.nucleus degenerates a t the end of 

each of two meiotic d i v i s i o n s , £.£. Mel£sira v a r i a n s , C y c l o t e l l a 

t e . G u i s t r i a t a and £2£2iE?JiSJ2i2. SSR* However, i n c e r t a i n cases, 

two egg c e l l s (e_.^. Biddulphia m o b i l i e n s i s ) and one f u n c t i o n i n g 

egg and p o l a r body (£.£. B. rhombus) are formed per oogonium. 

The egg c e l l normally remains enclosed i n the oogonium, or attached 

to It, u n t i l f e r t i l i s a t i o n , b ut i n a feff genera (e_.£. LithodesmiuB 

and S t r e p t o t h e c a ) , the u n f e r t i l i s e d eggs are l i b e r a t e d (von Stosch, 

1954) . 

The ffiethod of f o r s a t i c u of a spermatogonium (male sex organ) 

i n c e n t r i c diatoms i s v e r y varia.ble (von Stosch, 1954) * A vegetative 

c e l l say give r i s e t o a spermatogonium d i r e c t l y (£.^. C y c l o t e l l a 

t e n u i s t r i a . t a ) . A l t e r n a t i v e l y , i t may give r i s e , hj m i t o s i s , t o a 
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small number of spermatogonia (£,^. 4 - 8 i n Melos^;^ v a r i a n s ) , 
or t o a l a r g e r number of spermatogonia (£.£• l 6 i n Lithodesmum 
undulatum; 32 - 128 i n Coscinodlscus spp.) Usually r e d u c t i o n 
d i v i s i o n s i n each spermatogonium r e s u l t i n f o u r t i n i f l a g e l l a t e 
m o t i l e gametes per spermatogonium. I n species i r i t h a smaller 
number of spermatogonia a l l of the i n t r a c e l l u l a r m a t e r i a l of the 
spermatogorJ-um i n c l u d i n g the p l a s t i d s , i s d i s t r i b u t e d among the 
newly formed mot3.l8 gametes, whereas i n those w i t h a l a r g e r number 
of spermatogonia, much of the cj^toplasm and the chromotophores 
remain behind i n a r e s i d u a l bod-y, l e a v i n g the m o t i l e gametes f r e e 
of p l a s t i d s (von Stosch, 1954 ; 1958) , 

I n some c e n t r i c species (£,£, G;^clptella mene^ghini^^ (Iyengar 

and Subramanyan, 1944) and Melosira nummuloides ( i r b e n , 1959)) no 

separate gaiaetic c e l l s have y e t been found and i t has been suggested 

t h a t ausospors f o r m a t i o n i n tliea 2.s a r e s u l t of i n t r a c e l l u l a r 

autogamy. 

I n both pennate and c e n t r i c diatoms the zygote develops d i r e c t l y 

a f t e r nuclear f u s i o n i n t o an auxospore which i s g e n e r a l l y about 

three times the l e n g t h or diameter of the mother c e l l . Ihm mitoses 

then take place r e s u l t i n g i n the formation of the vege t a t i v e s h e l l 

which has the maximum dimensions of the species ( & e i t l e r , 1953 ) . 

Sex'eral f a c t o i ' s , i n t e r n a ] , as w e l l as e x t e r n a l , are b e l i e v e d 

to in-fluence the f ormatio.n of auxospores. Chief of the i n t e r n a l 
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f a c t o r s i s the development of a. s p e c i f i c p h y s i o l o g i c a l s t a t e i n 
c e l l s of a d e f i n i t e s i z e range. Brucicmajer-Berkenbusch ( l 9 5 5 ) 
s t a t e d t h a t the necessary interna,! c o n d i t i o n which favours auzospore 
form a t i o n i n c e l l s of Melosira nuim'tiuloides w i t h i n the:Lr c r i t i c a l 
s ize range i s a t t a i n e d through a " s h i f t * ' i n the nucleus/cjtoplasm 
r a t i o i n favour of the nucleus. Thus the r e l a t i v e nuclear 
s i z e e o n s t a n t l j increases i d t h decrease i n c e l l size and t h i s 
e f f e c t becomes more marked v/ith progressive d.ecrease of c e l l 
dimeasions. Only when t h i s " s h i f t " i s e s t a b l i s h e d can e x t e r n a l 
fa,ctors e f f e c t a promoting or i n h i b i t i n g i n f l u e n c e . She concluded 
t h a t i n i t i a t i o n of gsinietogenesis and auxospore f o r m a t i o n i n the 
dia,tom i s a. conseq^aence of a b n o m a l l y strong formation of plasma 
p r o t e i n , d i m i n u t i o n of which correspondingly/ gives an i n i i l b i t i o n 
of the developmental process. 

I r b e n (1959) , using the same diatom, t e s t e d the conclusions 

of Bmelcaayer-Berkenbusch on auxospore fojniiation 'bj deterniining 

the i n f l u e n c e of n i t r o g e n d e f i c i e n c y o r s u f f i c i e n c y i n a s y n t h e t i c 

mediumJ i n which r a p i d v e g e t a t i v e growth of the diatom occurred. 

He argued t h a t one should expect a great i n h i b i t i o n of spore 

f o m a t i o n i n I f - d e f i c i e n t c e l l s undergoing vegetative groTfth because 

t h e i r p r o t e i n content soon drops to a minimum as new syntheses o f 

p r o t e i n become impossible. He found t h a t auxospore f o r i n a t i o n 

was p o s s i b l e as long as there was v e g e t a t i v e growth. He also found 

t h a t theix> occurrence, and the conditions f a v o u r i n g i t , were 
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independent of ra o d i f i c a t i o n s i n the n i t r o g e n content o f the 
medium which were requii'ed f o r noaual ve g e t a t i v e groa^th. 

The observations of Bruckmayer-Berkenbusch have been 

described as "ast o n i s h i n g " by von Stosch and Debres ( I 9 6 4 ) • 

Recent studies by Holmes (196?) on the c e l l s o f the diatoms 

Goscinociisous concinnws and C. asteroniphalus, which vrere 

producing auxosjjores and m o t i l e male gametes, revealed no 

morphological d i f f e r e n c e s between them and vegetative c e l l s , 

Yery few studies have been d i r e c t e d a t the i n t e r n a l c o n d i t i o n 

of c e l l s i n "the c r i t i c a l s i z e range which promotes the 

develoj)mGnt of s e x u a l i t y " , ( i n t h i s t h e s i s t h i s w i l l be r e f e r r e d 

t o as the " i n d u c t i o n siae range"). The problem, t h e r e f o r e , remains 

unresolved. 

The e x t e r n a l factors f a v o u r i n g auxospore f o r m a t i o n are 

bel i e v e d t o be l i g h t , temperature, and substrate c o n d i t i o n s . 

Ton Stosch (1954) found t h a t sex determina-tion i n Lithodesmium s£, 

was i n f l u e n c e d by l i g h t , A clone of c e l l s i n the i n d u c t i o n s i z e 

range produced almost e x e l u s i v e l j r female c e l l s i n continuous 

l i g h t , whereas i n weak a l t e r n a t i n g l i g h t (day and n i g h t ) onlj'-

female c e l l s ?rere produced^ and i n s t r o j i g a l t e r n a t i n g l i g h t , 

equal numbers o f ;mle and feraale c e l l s . U n f o r t u n a t e l y he d i d 

not give d e t a i l s of the photoperiod employed. Bruckmayer-

Berkenbusch (1955) vrorking w i t h Melosira nugiiauloides found t h a t low 

temperature, weak l i g h t i n t e n s i t y and the a d d i t i o n of amino -
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a c i d s , yeast, and s o i l e x t r a c t promoted spore f o r m a t i o n , w h i l s t 
high temperature, strong l i g h t i n t e n s i t y , the a d d i t i o n of organic 
s a l t s , and the d i l u t i o n of the medium had the reverse e f f e c t . 
Erben (1959) , working w i t h the same dia,tom and. using a 10 hour (day) 
photoperiod, r e p o r t e d t h a t there was h a r d l y any connection between 
spore f o r m a t i o n and photoperiod, but gave no comparisons w i t h other 
photoperiods. Holmes (1966) s t u d i e d the e f f e c t o f d i f f e r e n t 
photoperiods on male gamete and auxospore formation i n Cgscinodiscus 
£oncinnus. He found t h a t the range of l i g h t i n t e n s i t y and 
teraperature c o n d i t i o n s under which these s t r u c t u r e s are formed i s 
a f f e c t e d by photoperiod. Employing three photoperiods ( l 6 h r . - , 
12 h r . ~ , and 8 h r . - day) he found t h a t the short e s t photoperiod 
was conducive t o the form a t i o n of male gametes and auxospores over 
a wide range of l i g h t and temperature c o n d i t i o n s . Male gametes 
were developed and. released over the temperature range of 9.0 -
26.7°G and the l i g h t f l u x range of 0,50 - 83.3 k l u x whereas 
auxospores occurred between 1 6 . 1 ° - 24.1°C and 0.33 - 83.5 k l u x . 
Male gametes appeared i n maximum abundance a day or two befoi^e 
aiucospores although concurrences were observed a f t e r the peak o f 
abundance had passed, For the other t/ro photoperiods the range 
over which they Tsrere formed was more r e s t r i c t e d a.nd auxospore 
form a t i o n took place i n 76 hours or more, as corapared w i t h 38 hours 
f o r the 8 hour day. Moreover Holmes found t h a t v a r i a t i o n i n the 
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amount of s i l i c o n , n i t r o g e n emd phosphate had no appreciable e f f e c t 
over the wide range of temperature and l i g h t i n t e n s i t y employed. 
This l a s t f i n d i n g cojifirms i n p a r t t h a t of Erben (1959) who found 
t h a t i t was impossible e i t h e r t o i n h i b i t auxospore f o r i i i a t i o n i n 
competent c e l l s of Melosira mymMloides, or to i n i t i a t e i t i n non-
competent c e l l s , by varying the concentre„tioa of nikt^ogen 8,nd 
phosphorus, or by modifying t h e i r .metabolism w i t h s u b l e t h a l doses 
of organic i n h i b i t o r s . 

l l l e n and Nelson (19IO), Braarud (1944) and Iyengar and 

Subrahmaiayan (1944) observed t h a t auxospores were r e g u l a r l y formed 

¥fhen marine diatoms were t r a n s f e r r e d t o a lower s a l i n i t y mediuia. 

Schreiber (1931)? from his i n v e s t i g a t i o n s of t h i s phenoraenon i n 

Melosir;a m^muIjDide^s, s t a t e d t h a t there i s a.n a r t i f i c i a l i n h i b i t i o n 

o r promotion depending on whether the alga i s t r a n s f e r r e d from 

d i l u t e t o concentrated sea water or J±G_e versa. Bruckmayer-Berkenbusch 

(1955) r e f u t e d t h i s statement on the grounds t h a t Schreiber m i s i n t e r ­

p r e t e d h i s r e s u l t s . IVos her e3q)erlnients she "showed t h a t the 

highest emplo3''ed concentrations and the g r e a t e s t d i l u t i o n s made 

w i t h Erdschreiber s o l u t i o n reversed the i n i t i a l spore fo r m a t i o n t o 

a p s x t i a l o r complete i n l a i b i t i o n . Moreover, w i t h d i l u t i o n s of sea. 

water she found t h a t the r e s u l t i n g auxospoi'es had r a t h e r small c e l l 

diameter. (|uantitative data, are l a c k i n g f o r these f i n d i n g s . 
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I n 1937 ,G-ross described what he regarded as auxospore 
f o r m a t i o n i n D i t y l u n i b r i g h t w e l l i . Von Stosoh (1965) contended t h a t 
tTross d i d not f i n d male gajsetes i n h i s m a t e r i a l . G-ran and M g s t ( l 9 3 l ) 
had reported male geaietesfor the same species of diatom from the 
Horth P a c i f i c . From h i s ovwi i n v e s t i g a t i o n s von Stoseh found t h a t 
i t was very d i f f i c u l t t o b r i n g a,bout sesual reproduction i n cultui'es 
of t h i s diatom from the Horth Sea, The " r e s t i n g spores" described 
by Gross e,ppeared i n h i s c u l t u r e s and y/ere considered by von Stosch 
t o be the I'-esults of spontaneous or e x c i t e d pla^smolysis, obtained 
under unfavourable c u l t u r e c o n d i t i o n s , p a r t i c u l a r l j r mifavourable 
i l l u m i n a t i o n . Prat (1934) , Follman ( l 9 5 7 ) , sJid H o f l e r (1963) 
have also coixfirmed those f i n d i n g s . Yon Stosch obtained genuine 
" r e s t i n g spores". S i m i l a r spores had already been observed by 
van HeurOk (I88O - I885), &ran and i,ngst (1931) , and Cupp ( 1943) , 
at the r e l a t i v e l y low temperature of 12°C. 7/hat G-ross described 
0.S "nuclearization'*' of the r e s t i n g spores, von Stosch regards as 
nothing more than a recovery of the deplasmolysed c o n d i t i o n . Yon 
Stosch slso described, the attempts at s h e l l builc3j.ng and the 
wide v a r i a t i o n i n siz e a.nd shape as d i f f e r e n c e s from the known 
methods o f ausospore f o r m a t i o n . He concluded t h a t what (Jross 
described was v e g e t a t i v e c e l l enlargement which he had observed 
t a k i n g place i n nature i n the Ei.iropean area. He defines vegotative 
c e l l enlargement as p a r t i a l or complete e x t r u s i o n of a, p r o t o p l a s t 
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from i t s f r u s t u l e , f o l l o w e d by regeneration of new valves using 
morphogenetic means t o a t t a i n r e s u l t s ( i r r e g u l a r shapes of valves, 
more v a r i a b l e and l e s s e r s i z e ) d i f f e r e n t from those of auzospore 
f o r m a t i o n . This f i n d i n g i s i n s t r a e t i v e f o r f u t u r e researches on 
auxospore f o r m a t i o n . 

Pew studies on the physiology of male gamete and auxospore 

f o i T S a t i o B have been. made. I n t h i s regs^rd Sehx'eiber, Brucl<ma,,7er-

Berkenbusch and Erben sfexdied aiixospore f o r m a t i o n i n an apparently 

SAitogamous diatom K e l o s l r a •mxj!:jmlo±d.es whereas Holmes worked w i t h 

an oogamous d3,atom Coscinodiscus conciainu£ producing male gsimetes 

and auxospores, Schreiber and Brackmayer-Berkenbusch gave no d e t a i l s 

on t.he r a t i o of luixospores t o vegetative c w l l s produced under the 

various c o n d i t i o n s of l i g h t i n t e n s i t y and temperature employed i n 

t h e i r s t u d i e s . S i r d l a r l y Holmes d i d not give the p r o p o r t i o n of 

male gamete forming c e l l s , zygotes or vegetative ceU.E; prodiiced 

i n h i s experiments. I r b e n gave i n f o r m a t i o n r e l a t i j i g c e l l s i z e t o 

aiaxospore f o m a t i o n and q u a n t i t a t i v e data on the r e l a t i v e abundance 

of aiixospores. The treatment, however, i n each case has been 

d i f f e r e n t . Gonseqiiently our knowledge of t h i s aspect of diatom 

research i s sadlj?- wanting and demands more i n v e s t i g a t i o n s using 

d i f f e r e n t d.iatom species from d i f f e r e n t geogra,phica,l (teraperate, 

t r o p i c a , l ) a.reas. 



5. The Physical and Cheiaical Conditions A f f e c t i n g the L i f e of 
Biatoms i n the Estuary 

The standing crop i n tho S i e r r a Leone Hiver Estuary u s u a l l y 

includes a high p r o p o r t i o n of large species belonging t o the genera 

Goscraodiscus and Actinocyolus. Various f a c t o r s a f f e c t the l i f e 

o f these diatoms. These f a c t o r s include l i g . h t , temperature, s a l i n i t j ^ j 

t i d a l and ocean c u r r e n t s . 

Bainbridge (I960) found t h a t during the dry season (.Woveraber 

to A p r i l ) the standing crop of phytoplankton was g r e a t e r i n the 

c e n t r a l area of the e s t u a i y than a t the r i v e r mouth where t u r b i d i t y 

was lowest. He suggested t h a t t h i s may be accounted f o r by the 

shallowness of the water i n the estuary p e r r a i t t i a g the r e t e n t i o n 

of c e l l s near the surface. During the wet season, increased 

t u r b i d . i t y i n the c e n t r a l area produced by t i d e and r i v e r discharge, 

r e s u l t e d i n an impoverishment of the standing crop, presumably i n 

consequence of reduced l i g h t peneti'ation. The d a i l y i l l u m i n e i t i o a 

averaged over 24 hours d i i r i n g the dry sea,son i s of the order of 

67 Kluz on the surface of the water. The t u r b i d i t i ' - of the water 

reduces t h i s amount of l i g h t so t h a t the euphotio zone i s very 

shallo?f, Bainbridge demonstrated t h a t the lowei" l i m i t of the 

euphotic l a y e r i s above the bottom of the estusiry and the d e t r i t u s 

content of the water reduces i t s transparency w i t h depth. He 

i n f e r r e d from t h i s t h a t the p.hy to plankton production i s l i m i t e d " 

by suboptimal conditions of i l l u m i n a t i o n . 
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During the p e r i o d of occurrence of the large c e n t r i c diatoms 

(Watts (1960) found t h a t the average monttily temperature i n the 
o o 

c e n t r a l area of the estuary r i s e s f.rom 28.1 to 29.3 C, and 

s a l i n i t y from 28 t o yz'/oo^ The annual average month,ly temperature 

and s a l i n i t y l i e between 26.4 t o 29.3°G and I 6 . 8 t o '^2.^1^/00 

r e s p e c t i v e l y . The loxrest monthly mean temperature (26.4°C) was 

recorded :m lug-ust, and t h a t of s a l i n i t y (l6,8'Voo) i n September, 

The average temperature d i f f e r e n c e bet?feen the h o r i z o n t a l and v e r t i c a l 

rajiges i s less thaji 1°C and the seasonal f l u c t u a t i o n i n temperature 

i s a l i t t l e over 1°C. These small temperature d i f f e r e n c e s alone 

are of l i t t l e s i g n i f i c a n c e , but coupled, w i t h salinitjT- changes they 

have a much increased l i m i t i n g e f f e c t which i s i n t e n s i f i e d i n an upstream 

d i r e c t i o n . The.refore d u r i n g the wet season when s a l i n i t y f a l l s 

yiQTj sharply the combined e f f e c t s of s a l i n i t y and temperature 

appear to l i m i t the d i s t r i b u t i o n of the l a r g e c e n t r i c diatoms. 

The author has observed t h a t ¥/ith the increased i n f l u x of sea water 

in.to the estuary a f t e r the r a i n s , and the consequent r i s i n g values 

of s a l i n i t y , coupled witt.i a small r i s e i n water temperature, the 

l a r g e c e n t r i c diatoms reappear i ) i the standing crop. 

A study of the surface currents i n the v i c i n i t y of tb.e 

estuary i n d i c a t e s t h a t onshore sets are raost numerous during May 

to November, probably as a consequence of the g r e a t e r i n f l u e n c e 

of the E q u a t o r i a l counter c u r r e n t (Bainbridge, I 9 6 0 ). Prom 

December to l a t e J u l y the f l u s h i n g a c t i o n o f the r i v e r water 
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diminishes s u f f i c i e n t l y ^ t o al l o w the development of a popula t i o n 

of p l a n i t o n i c diatoms c o n s i s t i n g predominantly^ of c e n t r i c species, 

the pennate species being of only minor imports.nee. Moreover 

t h i s i s the p e r i o d of highest s a l i n i t y and tamperature when 

extensive v e r t i c a l mixing i s e f f e c t e d by the strong currents of 

spr i n g t i d e s . This x-esults i n a homogeneous colurm of water which 

becomes increasingly saline r a t h e r than b r a c k i s h . 

Watts (1958) found t h a t the d i s t r i b u t i o n of s a l i n i t y i n the 

estuary r e s u l t s from the c i r c u l a t o r y c u r r e n t system. He observed 

a tendencA-' toTfard.s a tifo l a y e r e d t r a n s p o r t system w i t h an offshore 

movement of r e l a t i v e l y b rackish xfater compensated f o r by an onshore 

counter c u r r e n t of sea water close t o the bottom of the estuary. 

As a r e s u l t the water becomes s t r a t i f i e d and the s a l i n i t y increases 

w i t h depth. Moreover the v e r t i c a l s a l i n i . t y gradient i s i j i f l u e n c e d 

by the changes i n t i d a l range and the r a t e of r i v e r discharge. 

I n the wet season the s t r a t i f i c a t i o n i s more marked at neaps than 

at springs whereas i n the dry season i t i s g e n e r a l l y not appreciable 

The l a r g e d i l u t i o n of the surface waters r e s u l t s i n low s a l i n i t y 

in, the rain.y sea,son. The bottom waters nearest the mouth are 

r e l a t i v e l y imname except during heavy f l o o d s I'/hen large changes 

i n s a l i n i t y become noti c e a b l e a t neaps. This i s not the case i n 

the d r y season w.hen co n d i t i o n s are such t h a t the v e r t i c a l range of 

s a l i n i t y i s f a i r l y u n i f o r m . 
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Bambridge (1960) gave the r e s u l t s of a series of dissolved 
phosphate determinations c a r r i e d out by P. Hansen from A p r i l to 
December, 1953. "She dissolved phosphate ccatent of the water was 
foiind t o be s l i g h t l y higher i n the c e n t r a l r e g i o n of the estuary 
(0.30 - 0,97 ja g-at. P/l) than i n i t s mouth (0.25 - 0.72 p. g-at. ? / l ) . 
These amounts were considerably higher than those I'attenberg (1957) 
obtained f o r the open A t l a n t i c ocean water j u s t o f f the West African 
coast (0.0 - 0.36 p g-at. p / l at 25111.3at the surface phosphate was 
not d e t e c t a b l e ) . At the upper reaches of the estuary "fa t t s (1958) 
found that the average concentration was 0.I5 fx g-at. p / l . Bainbridge 
(1960) t h e r e f o r e concluded t h a t the r e l a t i v e l y h igh concentrations 
of dissolved phosphate i n and o f f the mouth of the estuaiy may be 
due t o the c o n t i n u a l t i d a l mixing and frequent re-suspension of 
organic d e t i d t u s derived from the r i v e i ' , the mangrove swamps and 
the plankton. 

Single nit : r a t e an,aly.sis c a r r i e d out by Watts i n November 

1954 and reported i n 1958 gave an average concentration of 5.29 p. g-at, u/l 

f o r b oth the c e n t r a l r e g i o n of the estuary and i t s mouth. In the 

upper reaches he obtained an average of 10,15 /i g-at, I ? / l and suggested 

t h a t r i v e r drainage must make a s i g n i f i c a n t c o n t r i b u t i o n to the 

n i t r a t e concentration i n the estuaiy. 

Dissolved s i l i c a t e s are necessary f o r the growth of diatom.s 

but few determinations have been made. Taylor (1966) found t h a t 

d i s s o l v e d s i l i c a t e s are higher i n the upper rea.ches ( l l ji g-at, S i / l ) 



- 25 -

than a t the mouth (0.7 p- g-at, S i / l ) . I n the c e n t r a l region the 
values range from 0„9 - 5.0 p. g-at, S i / l , He suggested t h a t the 
major source of s i l i c a t e s i s from the inflowing freshwater, and 
t h a t i t s .replinishra.ent i s dependent on the volume of f r e s h water 
e n t e r i n g the estuary. However, Bainbridge (1960) found vast 
numbers of broken and empty, h e a v i l y s i l i c e o u s diatom f r u s t u l e s 
i n the water samples c o l l e c t e d i n the estrsaiy. He ascribed 
replinisbment of s i l i c a t e s t o the d i s s o l u t i o n of these f r u s t u l e s , 

Bainbridge also eonclude{3 t h a t throughout the year grazing, 

Tfhicb can be a f a c t o r o f immenrse importance, has here no appreciable 

e f f e c t on the standing crop. He based h i s conclusion on the f a c t 

t h a t there was no gradual increase i n the concentration of zooplankton 

or-ganisss when phytoplankton, coneeri,tration,s v^ere c o n s i s t e n t l y h i g h . 

Th:i,s conclusion needs f u r t l r e r i n v e s t i g a t i o n as i t seems at f i r s t 

s i g h t some?d'iat s u r p r i s i n g . 

From the preceding i-eview i t i s considered, t h a t the siijspljr 

of phosphate, n.itr a t e anri s i l i c a , t e i n the estuary i s adequate f o r 

phytoplankton (diatom) growth throughout most of the year. This 

may l a r g e l ; / account f o r the dominance of diatoms i n the standing 

crop. However', the standing crop seems t o be large3.y i n f l u e n c e d 

by l i g h t , s a l i n i t y , t u r b i d i t y , t i d a l an.d surface c u r r e n t s . During 

the dry season t h e i r combined e f f e c t produces better, conditions 

f o r development o f the standing crop. I n the r a i n s the standing 
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crop i s d i s j i l a c e d se^awards w h i l s t as a r e s u l t of the marked 
s t r a t i f i c a t i o n i n the e s t u a i y i t may also s e t t l e i n t o the bottom 
water. This may account f o r the p r r n c i p a l diatoms i n bloom during 
the dx-y season being absent during the r a i n s , Therefoi-e i t can 
be i n f e r r e d t h a t i t i s during the r a i n s t h a t c o n s o l i d a t i o n of 
the p , r i n c i p a l rnembei-s of the phytoplankton takes place under 
sub-optimal c o n d i t i o n s o f l i g h t i n the mouth of the estuary or i n 
the bottom waters of the estuary. The r e s u l t i n g l a r g e r c e l l s 
are rft-3uspendec> :iri tl^e surface water during the d i y season when 
v e r t i c a l mixing e l i m i n a t e s s t r a t i f i c a t i o n . 

The genera CoscinodisGus, ( t o which the diatom under studj?-

belongs) and Actiaocyclus are the p r i n c i p a l members of th.e 

standing crop. I t appears t o the author t h a t the f o r e g o i n g 

explains the annual o c c u r r e Q e e and apparent uisappearanoe of the 

diatom i n the standing crop o f 'the r i v e r estuary. 
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Gollection^ of M a t e r i a l 

Goscinodiscus •^^giyjp.lffiaii was isolated from, water samples 

taken from the S i e r r a Leone River estuary Tdthin h a l f a m i l e of 

the Corvette j e t t y , Kissy, on 23rd December, I964. The c o l l e c t i o n 

of the samples was achieved using a f i n e s i l k plankton n e t , 1 

specimen b o t t l e of about 250 ml. capacity was t i e d on t o the narrow 

end of ihe n e t . The wider end of the n,et was t i e d on to a wire 

loop fastened t o a long s t i c k . The whole assemblage was h e l d by 

hand such t h a t i t was overhanging from midway along the side of a 

dinghy powered by a 6 H.P. outboard raotoi.% The net ?ms p u l l e d 

through the water a t a depth of about a f o o t below the surface 

at a c r u i s i n g speed of 3 la.p.h. The towing time f o r each saaiple 

of plankton taken was about I 5 minutes. Several such Sfjaples were 

taken. I n the l a b o r a t o r y f u r t h e r concentration of the samples was 

made by deGantin,g excess water. Several sam-ples of the water were 

taken u s i n g s a l i n i t y b o t t l e s f o r l a t e r estim,ation of the s a l i n i t y 

over the area through which the net was p u l l e d . A rough measure­

ment of the temperature of the water was taken using a H e g r e t t i 

and Sambra thermometer. 

I S Q l a t i o n j n d . Culture 

The diatom was isDla.ted, by the p i p e t t i n g or washing method 

(&ross, 1937b: Pringsheim, 1946j Droop, 1954). This method 

e s s e n t i a l l y i nvolves the Tvithdrawal and ti*ansference of the diatom 

w i t h a m i c r o p i p e t t e through maxij washings isi s t e r i l e medium t o get 
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r i d o f b a c t e r i a and other attached organisms. These m.anipulations 

fiere carried, out a s e p t i c a l l y under a, d i s s e c t i n g microscope. 

Although u n i a l g a l and azienla c u l t u r e s were aimed a t , the 

cu l t u r e s obtained, were unialga,! but not axenic. Attempts t o ob t a i n 

b a c t e r i a f r e e c u l t u r e s of the diatoEi were made i n the f o l l o x r i n g j -

(a) l ^ i agar prepa,red. with the s y n t h e t i c medium, 

(b) A mixture o f p e n i c i l l i r . i and streptomycin. ( 2 ; l ) was added t o 

f l a s k s c o n t a i n i n g 25 ml. of the s t e r i l e s y n t h e t i c medium to give 

r e s u l t a n t concentrations of 51, 102, 204, 306 and 4.08 u n i t s / m l . 

of both ( a f t e r Spencer, 1952). The f l a s k s were then i l l u m i n a t e d 

f o r a week, lashed c e l l s from each treatment were transferred, to 

a n t i b i o t i c f r e e medium. At the same tiffi.e s i m i l a r l y washed c e l l s 

were t e s t e d f o r b a c t e r i a l growth by i n o c u l a t i o n i n t o s t e r i l e a n t i ­

b i o t i c f r e e peptone s y n t h e t i c medium. The diatom, however, showed 

a reluctance to grow on subculture from the a n t i b i o t i c t r e a t e d 

c u l t u r e t o the o r d i n a r y s y n t h e t i c medium. 

The u n i a l g a l c u l t u r e s used i n t h i s study irere made from c e l l s 

which had no a j i t i b i o t i e treatment, but which had been repeatedly 

washed ejad. subcultured s e v e r a l times. These c u l t u r e s shoired no 

appreciable b a c t e r i a l growth during the exponential phase of growth. 

The c u l t u r e s were established i n a s y n t h e t i c medium, of s a l i n i t y 

approximajie t o t h a t of the saaple of sea water from which the diatom 

was i s o l a t e d . 
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I d e n t i f i c a t i o n 

The supernatant l i q u i d i n a eultui'-e of the diatom ?ras gently'' 

poured o f f so as not t o d i s t u r b the diatom sediment. Concentrated 

h y d r o c h l o r i c a c i d W8.s added to cover the d.iatom c e l l s a.nd. the mixture 

heated u n t i l effervescence ceased. I t was then cooled, d i l u t e d and 

c e n t r i f u g e d . The f r a s t u l e s were ??ashed and b o i l e d i n concentrated 

s u l p h u r i c a c i d . The organic matter was o x i d i z e d w i t h potassium 

n i t r a t e and the washed f r u s t u l e s were mounted i n Styraz. 

Photogra.phs of the acid-cleaned valves and the l i v i n g m a t e r i a l 

were taken on Kodak Pans,tomic X f i l m using a .Heichert microscorje 

w i t h 35 mm. cemera attachment. 

C u l t u r e m e d i a 

The media used were U52, U36 and ASP2 ( P r o v a s o l i e t al_, 1957). 

For the great b u l k o f the experiments the modified ASP2 medium 

(Pai-sons et a l . , I961) was fui-'ther m o d i f ied and used (see below f o r 

composition of the media). This m o d i f i c a t i o n i n v o l v e d the use of 

the sta,ted amounts f o r t r a c e metals, minor elements eind sodium 

s i l i c a t e as f o r F32 and U36, 

These media were chosen because they were n e a r l y exact 

i m i t a t i o n s of n a t u r a l sea water and can provide the s a l i n i t y range 

i n the estuary. The only defect i s t h a t o c c a s i o n a l l y p r e c i p i t a t e s 

are formed during a u t o c l a v i n g ( P r o v a s o l i e t a l . , 1957). L i g h t 

autoclaving was employed to remove t h i s d i f f i c u l t y . The complete 

media were u s u a l l y made up i n one l i t r e f l a s k s and, a f t e r 
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f i r ' j a s t i n g the pH w i t h hydrochloi'lo a c i d , were au toe laved a t 

15 p s S . i , t e n minutes. I t was obsei'"\H5d, t h a t p r e c i p i t t i t e s 

formed above a pH of 8.4. The inorganic s a l t s were of 

B .B.H.JbialfeR staiiderd . w i t h the exception of sodium m e t a s i l i c a t e , 

which was of commercial grade supplied b j Hopkin an̂ ^̂  W i l l i a m 

L i m i t e d . Vitamin was obtained from N u t r i t i o n a l Bio-chemicals 
In­

c o r p o r a t i o n , United States of isiaerica,. The other vi t a i a i n s were 

of nox'mal B.D,H, standard. 

The complete medium, i n each case, was made up o f two major 

componeril'S - the basic inorcganlc s a l t s , and the enricliments. The 

enrichments comprised the v i t a m i n m i x t u r e , the trace eleeents 

mixture and the minor elements mixture. Separate stock soluti.ons 

of the basic inorganic s a l t s , the v i t a B i i i i mixture, •vitamin B^g, 

the trace elements n i x t i i r e &j.d i:he niinoi- elements n i x t u r e were 

made. One l i t r e of the complete medium usually was made from the 

stock s o l u t i o n s i n the concentrations shown i n the table. Ten 

d i f f e r e n t s o l u t i o n s of the complete rnediurn cori'esponding t o t e n 

d i f f e r e n t S 8 , l i n i t i e s were used i n t h i s .investigs^tion. The ten 

d i f f e r e n t s o l u t i o n s were obtained b j d . i l u t i n g the basic inorganic 

s t i l t s component ten times f o r the Ti/eakest â nd then nine trlvnes, e i g h t 

times and so on, the strongest being the u n d i l u t e d basic s a l t s compo­

nent. The concentration of the enrichment component was the same 

f o r a l l s o l u t i o n s of the complete medium. The s a l i n i t i e s of the 

various s o l u t i o n s of the complete medium \\-ere determined by the 
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Table I . Compositions,,^of^ s y n t h e t i c culture^ med-j-g-

( q u a n t i t i e s are those used f o r making 1 l i t r e ) 

The d i f f e r e n c e between the XJ32 arid U36 media :1s t h a t the 1132 

medium lacks sodium m e t a s i l i c a t e , 

Basic Inorganic S a l t s IJ32/IJ36 1SP2 Modified 

NaCl 24.5 g. 24.0 g. 
IgCl^.fiH^O 9.8 g. 1G.9 g. 
CaCl^j anhydrous O.4 g. I . I 4 8 g. 
Ia„SO, , anhydrous 3.03 g. 4.0 g. 
Z 4 

KCl - 0.68 g. 
IfaHCO^ - 0.195 g. 
K„SO, 0.65 g. 2 4 
n^BO^ - 0.026 g. 

B. Enrichments - Common t o a l l s o l u t i o n s o f the complete mediiim 

MO^ 
f r i s 
l a SiO .9H 0^ 

ii J z 
Vitamin B,„ 12 
Minor elements 

(2) 
Trace meta.ls 
Titaiain, Mix 33^^'' 
Thiamine 

10.0 mg. 6.8045 mg. 
100.0 mg. 50.55 mg. 
500.0 ffig. 500.0 mg. 
100.0 mg. 284.2 nig. 

0.0001 mg. 0.002 mg. 
10.0 ml. 10.0 n i l , 
1.0 ml. 1.0 ml. 

- 10.0 l a l . 
1.0 lag. _ 

* I n the t r o p i c s commercial grade sodium m e t a s i l i c a t e cakes even when 
an/ kept in , / a i r - c o n d i t i o n e d room. The st a t e d q u a n t i t i e s never completely 

d i s s o l v e d and t h e r e f o r e one cannot acc u r a t e l y estimate the amount i n 
the media. 
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Comp OS i t ions ̂  of _ _ s g i i t i i e t i c c u l t u r e pedia_ _(cont^,) 

( q u a n t i t i e s are those used f o r making 1 l i t r e ) 

-̂̂ ) Minor elements - 10 ml, of stock s o l u t i o n contain the f o l l o w i n g ; -

(2) 

(3) 

Br (as KBr) 22.0 mg. 
Sr (as SrC1^.6H 0) 2 2 3.8 mg. 

i l l (as l l C l ) 3 0.028 mg. 

Eb (as SbGl) 0.061 mg. 

I i i (as LiSl.H20) 0.006 mg. 

1 (as 10.) 0.02 lag. 
Trace metals - 1 ml. of stock s o l u t i o n contain the 

Sodium EDTl 20.0 sag. 

Pe (as FeNaSBTA) 0 .1 Dig . 

2n (as SnSO .TĤ O) 
4 2 2.3 mg. 

Mn (as InSO, .4E O) 
4 2 0.65 mg. 

Mo (as !Ia„lo0, .2H„0) 
4 2 0.2 mg. 

00 (as CoSO, '7^-0) 
4 2 O.OO63 mg. 

Cu (as CuS0,.5tL0) 
4 2 0.0013 0ig. 

Vitamin MixS3 - 10 ml. of stock s o l u t i o n contain t 

Thiamine hydrochloride 0,50 IBg. 

M i e o t i n i c a c i d 0.10 mg. 

Calcium pazitothenate 0.10 mg. 

f o l i c a c i d 0.002 mg. 

p-animo benzoic a c i d 0.001 nig. 

I n o s i t o l 5.0 mg. 

'̂ '̂̂ "̂"̂  3.0 i i g . 
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semi-micromethod of K a l l e (l95l) using s i l v e r n i t r a t e and 

fluorescein, sodium. The s i l v e r n i t r a t e solution. we.s standardized 

against 0.75 ml., of standard sea water of known c h l o r i n i t y 

("Eau de Mer Hormale") supplied by the L a b o r a t o r i s Hydrographique 

at Copenhagen. The ten d i f f e r e n t s a l i n i t i e s were - 1.3, fii.T, 10.1, 

13.3, 16.5, 19.9, 23.2, 26.7, 29.8, 32.9 7oo. 
The s o l u t i o n s of the complete medium used i n the experiments 

on the v i t a m i n requirements of the diatom were made by o m i t t i n g the 

v i t a m i n mixture from the enrichment component and 8.dding the 

appropriate q u a n t i t y of the v i t a m i n ( s ) r e q u i r e d . This operation 

gave s i x v a r i a t i o n s o f the complete medium as fo3.1ows;-

(1) Complete medium minus v i t a i a i n mjjxtur-e an.d v i t a m i n B^^' 

designated PLAIIf. 

(2) Complete medium minus B i o t i n and v i t a m i n B^^, designated 

Gil - B-j_2 - B l O m i . 

(3) Complete medium minus B i o t i r i j designated CM - BIOTIIf, 

(4) Complete medium mimis v i t a m i n mixture + v i t a m i n B^^, 

designated PLAIM + B^g. 

(5) Complete medium minus vita.min mixture + B i o t i n , 

desig3.iated PLAIN + BIOTIlf. 

(6) Complete m^edium minus v i t a m i n mixtui^e + Thiamine, designated 

PLAIN + TICLMIHE. 



The diatom, c u l t u r e wa,s o r i g i n a l l y e s t a b l i s h e d i n the 80 t o 

lOÔ 'i- s o l u t i o n s of the complete ro.edium. Before experiments on the 

influe.nce of s a l i n i t y on spore fo,rmation were c a r r i e d out the 

diatom was gr a d u a l l y and p r o g r e s s i v e l y conditioned t o the 

inc r e a s i n g d i l u t i o n s of the m.ediirm. Thus c u l t u r e s of the diatom 

were mainta.ined a t various d i l u t i o n s . Transfer from a. hig.her 

concentration t o a lower concentration was made only a f t e r three 

t o f i v e subcultures with f r e s h medium during the exponential phase 

of growth. 

The pH of the sea water o f the estuary i s usua,lly w i t h i n the 

range of 8.0 t o 8 . 4 , and the pH of the media f o r c u l t u r i n g was 

u s u a l l y h e l d w i t h i n t h i s range. 

The media and stock s o l u t i o n s ¥;er-e a l l made up w i t h deionised 

T^ater of s p e c i f i c resistance g r e a t e r than 4 megohms. 

Culture apparatus and experimental c o n d i t i o n s 

D e t a i l s of the c u l t u r e apparatus used are shown i n F i g . 1. 

I l l u m i n a t i o n was provided by three 2 f t . 2 0 W"tropical d a y l i g h t ' ' 

f l u o r e s c e n t lamps and s t r i p s of formica p a i n t e d glossy white 

were used t o r e f l e c t a.s ro.uoh l i g h t as p o s s i b l e . The c u l t u r e s 

received 5 ,500 t o 8,000 l u x a t the l e v e l o f t h e i r bases. A lange 

Lux meter Type I I I reading d i r e c t l y i n l u x ?iras used t o measxire the 

l i g h t i n t e n s i t y . This was achieved by f i l l i n g the bath w i t h d i s t i l l e d 

water t o the l e v e l of the base of the c u l t u r e f l a s k s . A la r g e 

p e t r i d i s h o f about the same thickness as t h a t of the f l a s k bases 
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F i g . 1. Culture apparatus 

A. Eoif of c u l t u r e f l a s k s • 

E. Constant temperature bath (pei-spex). 

C. G-lossy white c e l l o t e x l i g h t r e f l e c t o r s . 

3). Block of wood f o r r a i s i n g or lowering bsith 

" T r o p i c a l Daylight** f l u o r e s c e n t tubes. 



o 
o 
o 

Fig. 
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was placed j u s t touching the surface of the water and c a r r y i n g the 

p h o t o c e l l . I n estimate of the l i g h t i n t e n s i t j r over and along the 

length of the f l u o r e s c e n t tubes was made. The c u l t u r e fla.sks were 

then arranged i n two p a r a l l e l rows of f i v e s i n the bath along the 

leng t h of the f l u o r e s c e n t tubes. A q u a l i t a t i v e comparison of the 

emission spectrum of the " t r o p i c a l d a y l i g h t " f l u o r e s c e n t tubes, 

w i t h t h a t of d a y l i g h t , using a spectroscope, revealed t h a t the red 

region of both spectra 7irere s i m i l a r and t h e r e f o r e there wa-s need 

to supplement i t by using tungsten f i l a m e n t lamps ±n the 

e^cperimental set-up. 

For high l i g h t i n t e n s i t y experiments the i l l u m i n a t i o n was 

provided by three 4 f t . 40W " t i * o p i e a l d a y l i g h t " f l u o r e s c e n t tubes. 

Higher l i g h t i n t e n s i t i e s were obtained by covering the s t r i p s of 

formica m t h aluminium f o i l . The c u l t u r e s were set up as above and 

they received 11,000 t o 12,000 lux w i t h the pa i n t e d formica 

r e f l e c t o r s and 17,000 t o 18,000 l u x w i t h the aluminium f o i l 

r e f l e c t o r s . Lower l i g h t i n t e n s i t i e s ¥/ere achieved by a t t e n u a t i o n 

w i t h one t o three l a y e r s o f a bla c k muslim c l o t h wrapped t i g h t l y 

round the c u l t u r e f l a s k s (fMo i n each case). The i l l u m i n a t i o n was 

measured by p l a c i n g the p h o t o c e l l i n a sirailarl3?' v/rapped p e t r i 

d i s h a t the l e v e l o f the base o f the f l a s k s along the l e n g t h of the 

f l u o r e s c e n t tubes. 
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I n the temperature e f f e c t experiments a Kryomat c o o l i n g system 

was used t o obt a i n constant temper.atures of 25°G and below. 

Stock c u l t u r e s were grown i n f l a s k s i n an a i r conditioned room 

on wire stands and i l l u m i n a t e d from below. The temperature range 
O 0 

was u s u a l l y 25" to 28 C and the i l l u m i n a t i o n range from 4,000 t o 

6,000 lux. The c u l t u r e s were subcitltured every f i v e days. The 

e.xperimental c u l t u r e s were maintained at 28°C i n a constant temperature 

water-bath made of perspex. This temperature was chosen because i t 

i s the average temperature noted f o r the estuarj?- water over a f i v e -

year p e r i o d of study (vTatts, I96O). 

f o r the q u a n t i t a t i v e experiments the diatom was cultured i n 

100 ml, Erlenmeyer Pyrex f l a s k s c o n t a i n i n g 25 ml. of medium and 

plugged w i t h non-absorbeat c o t t o n wool. P r e l i m i n a r y experiments 

were made using b o i l i n g tubes and the c u l t u r a l technique of Kain St 

^•^'^SS (1958) . The c u l t u r e s were i l l u m i n a t e d from the side ajid were 

aerated with a i r which was not enriched w i t h CO^. This was done 

by means of a f i n e c a p i l l a r y tube passing to the bottom of the 

c u l t u r e tubes and. e.nding i n a f i n e j e t . A l t e r n a t e oultiares were 

aerated, A f l o w meter was used t o cont.rol the rate of a e r a t i o n . 

The aer8,tion techaique appeared t o i n h i b i t growth. 

For the study of the methods o f auxospore and male gamete 

formation the c u l t u r e s were o f t e n observed, i n p e t r i - d i s h e s and 

watch glasses, which were f r e q u e n t l y e.xposed f o r observations 

under a microscope o r f o r photomicrography. 
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The experiments on the i n f l u e n c e of s a l i n i t y on male gamete 
and auxospore f o n n a t i o n were c a r r i e d out i n 3|r" ^ i d e p e t r i dishes 
standing on a supported wire mesh and i l l u m i n a t e d from below i n 
an a i r conditioned room. Three r e p l i c a t e s were used i n each case. 
The use o f p e t r i - d i s h e s mad.e observation under a b i n o c u l a r microscope 
easier and enough of the medium can be used to support the growth 
of a small inoculum (50 t o 100 c e l l s ) w h i l s t shading of the c e l l s 
can be avoided, 

G-lassware Tias cleaned by soaking i n chromic ac i d o r If-'^ 

Haeraosol s o l u t i o n f o l l o w e d by r i n s i n g i n running tap water and 

f i n a l l y i n hot d i s t i l l e d water. Pipettes were soaked i n d i s t i l l e d 

water i n s t e a d of r e c e i v i n g the l a s t treatment. A l l cul'fcure vessels 

and p i p e t t e s were prepared and heat s t e r i l i s e d i n an oven a t 180^C 

f o r two hours as recommended by Pringsheim (1946). 

The inoculum and the e^stimation of growjWi 

Ten h e a l t h y l o o k i n g c e l l s were selected each tirae and washed i n 

f r e s h s t e r i l e laedium before i n o c u l a t i n g the f l a s k s . Aseptic techniques 

were altmys employed i n these operations. The c u l t u r e s were shaken 

v i g o r o u s l y once a day t o a s s i s t d i f f u s i o n of a i r . The use of an 

inoculura of ten c e l l s got r i d o f the d i f f i c u l t y o f shading, and 

also d u r i n g exponential gro?/th the pH o f the medium was not a f f e c t e d . 

Various sizes of the diatom c e l l s Ij^'ing w i t h i n the sexual i n d u c t i o n 

size range were used i n the experiments. 



~ 41 " • 

I.n the e s t i m a t i o n o f growth, 1 ml. samples were removed a t a 
p a r t i c u l a r time each day a f t e r shaking the c u l t u r e s v i g o r o u s l y . 

The c e l l s were allowed t o sediment i n sedimentation tubes a f t e r 

treatment w i t h Lugol's s o l u t i o n (iJtertaohl, 1951; Lund et a l . , 1958) 

Counts were made on s e t t l e d samples using an i n v e r t e d microscope. 

The c e l l s were too l a r g e f o r a haemocytometer t o be used sjid the 

density o f the c u l t u r e s i n the aejxtples was so low t h a t O.S. 

measurements would have been useless. 

Usually growth i s expressed as e i t h e r the increase i n c e l l 

numbers ( c e l l concentration) or the increase of c e l l u l a r m a t e r i a l , 

( c e l l d e n s i t y ) . Since an increase i n c e l l c o n c e n t r a t i o n i s a 

measure of the tme d i v i s i o n i-ate ( lonod, 1949), t h i s has bee.n 

adopted as the measure of growth. Therefore i n t h i s work the term 

gro-wth. r a t e i s synon^naous w i t h c e l l d i v i s i o n r a t e . 

G-rowth i s expressed as the number of doublings per day atid 

i s r e l a t e d d i r e c t l y t o c e l l r e p r o d u c t i o n . The c e l l concentration 

i s determined i n terms o f l i v e and dead c e l l s , The c r i t e r i o n f o r 

l i v e c e l l s i s t h a t of Lund (1949) where a c e l l i s considered 

l i v e unless i t i s empty or showing signs of l y s i s . The gro-iTth 

r a t e i s determined during the exponential phase as i t represents 

the maximum r a t e f o r the c u l t u r a l c o n d i t i o n s employed. 

The growth constant i s c a l c u l a t e d from t.he i n t e g r a t e d growth 

equation 

K = logg }l/lJ^ X l / t 
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where I I and 1^ are the number of c e l l s a t the beginning and end o f 
the time i n t e r v a l , t . Growth i s depicted graphically^ on a p l o t o f 
logg i^/sS^ against time, t , i n days. This gives the growth constant 
IC s,s the number of doublings per day. The mean generation time or 
d i v i s i o n r a t e can e a s i l y be calculated, from K. 

The experimental set-up p e i m i t t e d the use of p a r a l l e l d u p l i c a t e 

c u l t u r e s . I t was observed t h a t the l i g h t i n t e n s i t y along the l e n g t h 

of the f l u o r e s c e n t tubes ¥ras not uniform b u t increased from, the 

ends towards the centre. Therefore i t was necessaiy t o a s c e r t a i n 

whether there was any s i g n i f i c a a t d i f f e r e n c e i n growth ataongst 

the f i v e c u l t u r e s depending on t h e i r p o s i t i o n along the l e n g t h of 

the f l u o r e s c e n t tubes. The students t - t e s t and the P t e s t were 

used t o assess the s t a t i s t i c a l s i g n i f i c a n c e of the d i f f e r e n c e s i n 

growth r a t e s . 
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5. RESULTS 
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1 . MOKPHOLOG-Y im)l:^OM OP THE GLOm OF TM DIATOM. 
?6'sciifoi)i¥ctjs'' PAVILLAKDIT ' 

Morphological Characters. 

Exajnination o f the l i v i n g m a t e r i a l revealed t h a t the c e l l s of 

the diatom are u s u a l l y f r e e and s o l i t a r y ; d i s c shaped i n valve view 

(Plate l ) and i-ectangular i n g i r d l e view (Plate I I ) . Two c e l l s may 

be oecasionally found attached a f t e r d i v i s i o n ( P late I I ) . The valves 

are f l a t i v i t h a s l i g h t c e n t r a l depression. The nucleus i s l a r g e , 

conspicuous and u s u a l l y seen a t the centre o f the c e l l . I t i s h e l d 

i n p o s i t i o n by cytoplasmic strands extending t o i t from the l i n i n g 

l a y e r of cytoplasm i n s i d e the c e l l w a l l (Plate I I ) . The chromatophores 

are numerous small rounded bodies r a t h e r u n i f o r m l j r s c a t t e r e d throughout 

the c e l l ( P l a te I I I ) . 

L i g h t micrographs as w e l l as camera l u c i d a diagrams have been 

used t o i l l u s t r a t e the nature of the acid-cleafied f n a s t u l e s . The 

va].ve surface i s f i n e l y a r e o l a t e (Pl8,te I Y ) . The areolae are 

hexagonal ( P i g . 2b) and arranged i n r a d i a t i n g l i n e s , running from 

a c l e a r c e n t r a l h y a l i n e space -which i s f a i r l y l a r g e (Plate I V ) . 

The areolae range from 6 i n 10 ja near the c e n t r a l area to 5 i n 10 ja 

towards mid-valve and edge o f valve ( f i g . 2a - o ) . The valve surface 

i s d o t t e d a l l over w i t h a number of small spinulae (Plate l Y and Y ) . 

The valve margin i s narrow and f u r n i s h e d w i t h a c i r c l e t o f small 

spinulae which may be close together or separated by about t en r a d i i 

of areolae ( F i g . 2b and Plate Y l ) . I n some valves o f a f r u s t u l e there 
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Legend t o Plates 1 - YI 

Plate I - disc shaped c e l l s with prominent c e n t r a l nucl8u.Sj % 350. 

Plate I I - re c t a n g u l a r shape of c e l l ( g i r d l e v i e w ) ; nucleus 

suspended c e n t r a l l y hy cytoplasmic strands, x 9=10 . 

Plate I I I - c e l l showing numerous chromatophores^ -..r 975. 

Plate 17 - cleaned valve showing r a d i a t i n g rows o f areolae and 

c e n t r a l h y a l i n e space, x f75, . 

P l a t e ¥ ,- hexago.nal shape of areolae; white specks are spinulae_, x 8,750, 

Plate YL - c i r c l e t o f spinulae among r a d i a t i n g areolae,, x 3,250, 
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F i g . 2 . Diatom f r u s t t i l e s t m c t u r e drawn w i t h the add of 

a camera lucxda, 

a. Middle region and margin, 

b. Margin, 

G, Area nee-r centre.! h y a l i n e space, 

(•bla-ck dots are spinulae) 
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may be another c i r c l e t o f spimilae ;m mid-valTe, There are tvo 
larger spines (apionli) set wi d e l y apart on the valve margin. 
The g i r o l e i s a s i n g l e , non~x3erforbited hand. The outer p o r o i d 
membrane i s extremely f i n e and can be seen on the areolar margins 

(P l a t e ¥ ) . 

The diatom forms auxospores and the c e l l s arj.sing from them 

have a maxinaim c e l l diameter of h6L - 44 ft. The mean width of the 

p e r v a l v a r axis of recently divided free c e l l s i s 127 ft and that 

of c e l l s r e o ^ t l y divided but stuck together i s 255 f i . The mean 

minimum diexueter of the c e l l s obtaijied i n c u l t u r e s a t a size below 

which fu.rther growth was impossibles was 64 f i . 

Taxonoinio ;{)roblems 

The determination of some of the many species comprising the 

genus Coscinodiscus Ehreiibex-p; i s ex-Lremely d i f f i c u l t . The wide 

range of v a r i a b i l i t y i n s h e l l morphology among the species i s the 

cause of the d i f f i c u l t y . Hence two independent determinations 

of the species of the clone of the diatom under study were sought -

K.I. Hendey, England and Professor H.A. von Stoscli, G-ermany, 

Hendej {-pri-yate coromunication) determines the clone as a 

member of the taxonoraicftlly compley ^^^^OB^ - .5^^Si}JA ~ p a v i l l a r d j . i 

group. He writes- "no one knows the l i m i t s of each phase and no 

doubt intermediatei; e x i s t vmieh make nonsense of taxonoinic d i v i s i o n s 

Ehreriber-g's type of C .gigas no longer e x i s t s and the i l l u s t r a t i o n s 



i n Schisidt's A t l a s (1874) and those of Hustedt (1930) onlj^ 

raislead." He contends t h a t i n the t y p i c a l ".j^igas" the areolae are 

lai^ger and the c i r c t i l a r cover pores are very c l e a r l y seen, \fhereas 

i n t l i e author's specimens the cover spores seem absent and the 

sieve p l a t e , outer p o r o i d membrane, i s extremeljr f i n e . 

Moreover spinulae are not present i n C .giga_s. S i m i l a r l y von 

Stosch ( p r i v a t e comniunication) dismisses C .^igas on the grounds 

t h a t i t has no a p i c u l i which are present i n the author's specimens. 

Hendey places the clone c l o s e r t o £ . j S i i ^ S ] ^ ^ ^ '̂ '̂^ 

specibaeas agx'ee very w e l l w i t h some specimens he took from 

Sou thai-apt on I ' a t e r j England. He states that "the c e n t r a l area 

( f a i r l y constant i n the author's ST)eci]iiens) can be very v a r i a b l e 

and may be almost closed up w i t h areolae. Often valves of the 

same f r u s t u l e may d i f f e r , one being 'open' w i t h a f a i r l y l a r g e 

c e n t r a l area as i n your specimens, while the other i s covered a l l 

over w i t h areolae." Lebour (1930) gives the l a t t e r as a 

d e s c r i p t i o n f o r C . p a v i l l a r d i i . Hendey observed t h a t the specimens 

have a number o f small spinulae d o t t e d over the valve surface - a 

s p e c i f i c character of C «pavillardii. However, Hendej^ r ^ l e s out 

G . p a v i l l a r d i i ^ as a possible determination because o f the size 

and much f i n e r a r e o l a t i o n of the author's specijnens. On the 

other hand von Stosch consideiBj t h a t the specimens should be 

c a l l e d C . p a v i l l a r d i i , f o r C . j a n i s c h i i has a heavy a r e o l a t i o n a t 
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the margin as against the very s l i ^ t one of the author' s 

specimens. Moreover, C . j a n i s c h i i has no a p i c u l i as shomi i n 

SchJTiidt's A t l a s (1874) • Also von Stosch contends that from 

Janisch's paper h i s "C .mari^inatus, which i s not i d e n t i c a l w i t h 

C.marginatus Ehrb., i s meant to be C . j a n i s c h i i of 'Rattray and 

Hustedt," He questions the descidistion of G.mar^inatus Janiseh 

as " i t seems t o have p u n c t i i n the figure o f Janisch (which he 

did not describe) and has no very marked d i f f e r e n c e between the 

ma.rginal a;id the inner areolae (which he mentioned i n h i s 

d e s c r i p t i o n ) " . Von Stosch t h e r e f o r e argues t h a t i n no case i s i t 

s u f f i c i e n t l y s i m i l a r t o the author's specimens, axid being not so 

w e l l described by Janisch, the specimens cannot be considered as 

G . j a n i s c h i i . From the d e s c r i p t i o n and f i g u r e s of C . p a v i l l a r d i i 

given by P a v i l l a r d (1925) ron Stosch considei^s t h a t Hustedt ( l 9 5 0 ) 

seemed t o imply t h a t the i n t e r s t i t i a l meshes are not provided 

w i t h a p i c u l i . P a v i l l a r d however described them, and von Stosch 

observed them i n the author's specimens. He t h e r e f o r e concludes 

t h a t the S i e r r a Leone m a t e r i a l conforms w e l l to the Mediterranean 

species, G,£OTiJ]^JdJJ.. 

From the f o r e g o i t i g discussion the author accepts von Stosch's 

i d e n t i f i c a t i o n of the diatom as G,2SSmS£^?-^' P a v i l l a r d ' s 

d e s c r i p t i o n of G . p a T i l l a r d i i gives i t s laazimal diameter as 

350 fi. I t i s considered t h a t Pa,villard may not have seen young 

auxosporic m a t e r i a l (which was obtained i n c u l t u r e by the author) 
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and t h e r e f o r e the species iras not erected on the dimensions o f c e l l s 

iinmediately developing from auxospores. 

I t appears t h a t the diatom under study i s the one Bainbridge 

(1960) c a l l e d C.gigas. 



2» PiagLIMIHABJ EIPERIMEISTOS 

EaSULTS. Og CULTUKIIT& TIffl DIATOM. 

1. Freparation of b a c t e r i a - f ree culture^o_f the_ diatom 

(a) The diatom f a i l e d to d i v i d e i n IJii agar prepared w i t h 

the S3mthetic raediua. The c e l l s died a f t e r a couple of days, 

(b) I n attempts to prepare bactei-ia--free cultui-es w i t h 

a n t i b i o t i c s i t was found t h a t i n the presence of 408 u n i t s and 

above 5 of the mixtur'e of p e n i c i l l i n and streptomycin no b a c t e r i a l 

growth was observed a f t e r repeated washings and. f i n a l i n o c u l a t i o n 

of a few c e l l s i n the s y n t h e t i c medium px^epared w i t h peptone. The 

c e l l s J hofrerer^ f a i l e d t o d i v i d e . Other s i m i l a r l y t r e a t e d and 

washed c e l l s vere i n o c u l a t e d i n t o the p l a i n s j a i t h e t i c medium. 

I n t h i s case5 no apparent t u r b i d i t y developed but the c e l l s 

d i v i d e d r a t h e r s l o w l y (about one d i v i s i o n i n three days) and 

e r r a t i c a l l j r . 

Several attempts were made t o s t i m u l a t e growth i n such 

c u l t u r e s but a l l were unsuccessful. These included the a d d i t i o n 

of a sms l l q u a n t i t y of ( a ) b a c t e r i z e d medium ( l ml. t o 25 ml. of 

c u l t u r e ) J (b) Seitz f i l t e r e d b a c t e r i s e d mediumj (c) s i n t e r e d glass 

f i l t e r e d ba,Gterized mediuBi, and (e) a t i n y g r a i n of sod-ium. sulphide, 

The l a t t e r was done as Droop (1961) had reported s t i m u l a t i o n of 

growth i n Skeletx>nenia costatugi w i t h small q u a n t i t i e s of sodium 

sulphide. I n a l l the attempts the diatom remained a l i v e f o r up 
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t o two weeks but showed hardly?- any s t i j a u l a t i o n of t h e i r vegetative 

growth r a t e , 

I t was t h e r e f o r e decided t o use c e l l s which had no previous 

a n t i b i o t i c treatment, but which had been repeatedly/ washed and 

f u r t h e r washed between several subcultures, Cultures obtained from 

these c e l l s sho?ired no appreciable b a c t e r i a l growth during the 

exponential phase o f growth. Moreover, when g r o m i n peptone 

s y n t h e t i c medium f o r a week, no appi^eciable growth of ba,ctei"-ia 

occurred. 

Examination of the b a c t e r i a c l o s e l y associated m t h the diatom 

c e l l s revealed t h a t they were r o d - l i k e , 

^' Choice o f culture^medium 

The growth r a t e s i n the U32 and 1)36 media were the same (one 

d i v i s i o n i n about 40 h o u r s ) , but f a s t e r i n the modified iSP2 medium 

(one d i v i s i o n i n about 30 h o u r s ) , under the same condi t i o n s of l i g h t 

and temperature. 

Since the diatom c e l l s appear to be h e a v i l y s i l i c i f i e d , i t was 

necessai^?' to determine where the c e l l s got t h e i r s i l i c a from d u r i n g 

vegetative growth i n the IT32 medium - a medium which lacked s i l i c a t e . 

On t e s t i n g the medium f o r s i l i c a t e a p o s i t i v e r e s u l t was obtained 

w i t h ammonium molybdate and reducing metol s u l p h i t e - o x a l i c a c i d 

s o l u t i o n ( S t r i c k l a n d and Parsons, 196O). Almost the same i n t e n s i t j r 

of c o l o u r was obtained as f o r D36. 
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I n employing the c u l t u r e techriique of Kain and Fogg (1958) 
the c u l t u r e s were aerated a t the constant r a t e o f 10 ml./min, i n 
one experiment and 5 ml./min. i n another experiment. Both 
experiments were run simultaneously. The use of a i r unenriched 
w i t h carbon dioxide f o r a e r a t i o n was merely intended t o keep the 
c e l l s i n suspensioji. I n the aerated c u l t u r e s growth was i n h i b i t e d . 
This was more marked at the higher a e r a t i o n r a t e ^ as there was 
scarcely any growth a t a l l . G-rowth i n the a l t e r n a t e stagnant 
c u l t u r e s , which were aerated f o r f i v e minutes erexy day, was slow 
but continued (one d i v i s i o n every s i x t y h o u r s ) . 

lfh.en c o n i c a l f l a s k s were used in,stead of b o i l i n g tubes the 

c u l t u r e s were i l l u m i n a t e d from below end shaken v i g o r o u s l y once s, 

day. G-ood growth of the diatom was achieved. Consequently 

c u l t u r i n g i n f l a s k s was preferx'ed, 

4. Gulturinf; the diatom at various s a l i n i t i e s 

Cultures were est a b l i s h e d a t the folloTiring s a l i n i t i e s ~ 16.5> 

19.9, 23 .2 , 26 .7 , 29.8 and 32.9 °/oo. The c u l t u r e s were o r i g i n a l l y 

e s t a b l i s h e d w i t h c e l l s of avei-age diameter 55̂ 1 /a. The c u l t u r e s 

?«-ere repeatedljr subeultured evezy f i v e days. I t was obsei'ved t h a t 

the average size o f the c e l l s decreased w i t h time. I n f o u r months 

of c u l t u r e the average diameter of the c e l l s was 309 f i . This i s 

accounted f o i ' by a deci^ease i n average diameter of 18 p per month. 
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Comparison of the i^ate of decrease i n average c e l l diameter 

i n natui--e and i n a r t i f i c i a l s y n t h e t i c medium revealed t h a t i t was 

of the same magnitude under both c o n d i t i o n s . 

Cells of average diameter 309 jU- began t o form spores i n a l l 

the s a l i n i t i e s used except l 6 . 5 °/oo. Spore formation at the 

32,9 /ooS was not as p l e n t i f u l as a t the other s a l i n i t i e s i n which 

i t occurred. S a l i n i t y , therefors-.j appears to hsve an influence on 

sj)ore f o r m a t i o n . 

5. fhe e f f e c t of an illiimiaation rang_e_ of _5_,5pO. to 6_j,000_lux on 
the growth ra,te 

Along the l e n g t h of the f l u o r e s c e n t tubes used i t was found 

t h a t the l i g h t i n t e n s i t y was not u n i f o m . I t increased from the 

ends towards the centres. I t was therefore necf-ssary to detei-mine 

whether there was any s i g n i f i c a n t d i f f e r e n c e i n growth i n the 

c u l t u r e s placed at p o i n t s along the length o f the tubes. The 

r e s u l t s of one such experiBient ai-e given :i-r: Table I I , 

The F t e s t was used t o detexTnine how s i g n i f l c a x i t the d i f f e r e n c e s 

were among the l i v e and. t o t a l c e l l s r e s p e c t i v e l y (Tables I I ~ I¥). 

There was no s i g n i f i e e i i t d i f f e r e n c e i n growth among the treatments 

b a t h f o r l i v e and t o t a l c e l l s a t the 0,1'."' l e v e l . Therefore the 

v a r i a t i o n o f li g . h t i n t e n s i t y along the l e n g t h of the tubes d i d 

not a f f e c t the growth rs^te of the diatom. Consequently i t was 

decided t o use the average f i g u r e s f o r the ten f l a s k s i n es t i m a t i n g 

the growth r a t e . 
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TiSLE I I . Logg values f o r the average 
p a r a l l e l r e p l i c a t e s 

f i g u r e s obtained from 

( L = l i v e c e l l s I T = t o t a l c e l l s ) 

j Time 
(days) 

Plasks 
(i)<S:(vi) a t 
5,500 l u x 

•flasks j Flasks 
( i i ) & ( v i i ) j ( i i i ) & ( v i i i ) 

a t 7,300 l u x 1 a t 7,800 l u x 

3 'i j 
l l a s k s 1 f l a s k s 

( i v ) & ( i x ) 1 ( v ) & ( x ) 
at 7,800 l u x [ a t 7,200 l u x \ 

I i 
1 { i 

! L T L T L T L T I 

! L 
i 

T j 

if- e X 2 .9 3.3 4.5 4.5 4 .1 4.1 : 4.1 4.3 : 

i 4 5.1 4.6 4 .6 5.5 5.6 5.7 5 .8 i 5.5 5.6 ; 
< 

i 5 6.5 6.6 " 6 .2 
1 

6.3 7.0 7.0 7.1 7.1 1 6 ,6 6 .6 
i i 

1 6 
i 

7.1 7.2 7.3 8.3 8.3 8.2 8.2 • 7.9 7.9 
1 
! 7 8.3 8.3 , 8 ,4 8.5 8.9 9.0 8.9 9.0 \ 8.8 e.9 

1 8 9 .0 9.1 : 9 .4 9.6 9.0 9 .1 3 «X 9.3 \ 9.4 9.5 

{ 9 9 .4 9.6 9.6 9.9 9 . 1 ^.L 9.1 9.5 t 9 .5 9.6 

\ 9 .3 9.5 9.6 10.0 8.7 9.3 8.9 9 .5 1 9*2 
f 

9.7 
1 9 .3 9 .8 9.7 10.5 8.7 9.5 8.9 9.6 1 9.4 

1 
9.9 

12 9 ® X 9.9 9.5 10.4 8.6 9.6 8.6 9.6 t 
j 9.1 

9.9 
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TABLE I I I . A nalysis of Yarianee f o r Live C e l l s 

Sour 
Tariance I Squa:i"es ' freedom 
Source of 1 Bxm of s Degrees of : 

i „ - T Mean Square 

Residual I l69.7k6 45 j 3.772 

F r a t i o = 0.08795 = 0.0235 
3.772 

Sot s i g n i f i c a n t at O.IJ? l e v e l 

t • i I 
Between ii | I 
treatments J I ' ! 
(coluims) j 0.5518 I , 4 0.08795 
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TABLE I ? . Analysis of Yarisnce f o r T o t a l C ells 

Source of 
Variance 

Between 
treatments } 
(columns) 

Residual 

Sum of 
Squares 

0.5152 

209.512 

Degrees of 
freedom 

4 

45 

Mean Square 

0.1288 

4.6558 

F r a t i o = 0.1288 = 0.02766 

Hot s i g n i f i c a n t a t 0,1^?' l e v e l 



DISOTSSION 

The f a i l t i r e o f diatom, c e l l s t r e a t e d w i t h a j - i t i b i o t i c s to grow 

on subculture t o a n t i b i o t i c - f r e o medium has been reported by 

Spencer (1954). He proposed t h a t the a n t i b i o t i c s must have e i t h e r 

d i r e c t l y a f f e c t e d the algae; or t h a t the a n t i b i o t i c s , i n c o n t r o l l i n g 

the b a c t e r i a l f l o r a , have removed the seiirce of the e s s e n t i a l 

n u t r i e n t s or growth f a c t o r s o f the algae. I n the case of the 

diatom undei' study i t i s oonsidered. t h a t the concentration of the 

a n t i b i o t i c s used i n the e l i m i n a t i o n of the ba^cteria was t o x i e t o 

the diatom, and theref01*6 i n h i b i t e d i t s growth. I t i s not l i k e l y 

t h a t the diatom was dependent on the b a c t e r i a n u t r i t i o n a l l y . Por 

attempts a t s t i m u l a t i n g growth of the diatom w i t h b a c t e r i z e d medium 

we re ujisuc ce s s f u l , 

The growth of the diatom i n the tJ32 medium which lacked s i l i c a t e 

can o n l y be explained i n terms of a cii-ssolution of s i l i c a from the 

w a l l s o f the c u l t u r e f l a s k s durMg 9.utoclaving. The amount o f 

s i l i c a t e which may be contained as i m p u r i t i e s i n the s a l t s o&xi be 

considered l i e g l i g i b l e as the s a l t s were of a n a l y t i c reagent q u a l i t y . 

S i l i c a i s soluble i n a l k a l i n e s o l u t i o n s (J;z^rgensen, 1955). Since 

the c u l t u r e medium i s s l i g h t l y a l k a l i n e i t i s f e l t t h a t s i g n i f i c a n t 

jimounts of s i l i c a are released from the f l a s k s d u r i n g a u t o c l a v i n g . 

This i s i n agreement w i t h the f indiK.gs of Armstrong as reported by 

Spencer (1954)• 
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The cause of i n h i b i t i o n of growth observed in. the aerated 
c u l t u r e s can only be guessed a t . The pH of 8.4 of the medium i s 
considered b e n e f i c i a l because at such a JJH carbon dioxide i s avidly 
absorbed and formis a r e s e r v o i r of bicarbonate. This provides 
•increased carbon dioxide w i t h o u t having t o employ bubbling or shaking 
( P r o v a s o l i et a l . , 1957) 

The low r a t e of growth o f the stagnant c u l t u r e s i n b o i l i n g 

tubes, as compared w i t h the r a t e of those i n c o n i c a l f l a s k s , may 

be the r e s u l t of s e l f shading and the d i r e c t i o n of i l l u m i n a t i o n . 

The c e l l s o f the c u l t u r e s i n the b o i l i n g tubes s e t t l e d t o the bottom 

of the tubes i n a heap. Consequently fewer c e l l s could receive the 

same amount of l i g h t . This disadvantage was increased as the 

cu l t u r e s were illumina,ted from one side o n l y . I n the case of the 

c u l t u r e s i n the c o n i c a l f l a s k s the c e l l s were dispersed i n the 

medium such tha,t each c e l l received the same amount of l i g h t which 

was d i r e c t l y below them. 

The unmodified ASP2 medium i s designed such t h a t the n i t r a t e 

and phosphate content are kept low to suppress excessive b a c t e r i a l 

growth. This makes such a medium s u i t a b l e f o r b a c t e r i a - f r e e 

c u l t u r e s . In the modified ASP2 medium the n i t r a t e content i s 

reduced t o about one t w e l f t h o f t h a t of the unmodified mediojn 
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( i . e . from 5882 p. g~at. W/l &s Na'TO, to 50G fii g-at. W/l as mo^). 
T.h8 phosphate i s inoreased from 29p. g-at, P/l as K̂ HPÔ  to 
50 u g-at. p / l as ini^'POj ~ a concentration which was found adequate 
foT phytoplankton groTrth (Parsons et a l . , 1 9 6 l | J i t t s et a l . ^ I 9 6 4 ) * 
However Provasoli et a l . (1957) found that the concentration of 
29 p g-at, p / l i s per f e c t l y adequa,te f o r stagnant cultures and the 
p o s s i b l l i t j of p r e c i p i t a t i o n i s l i r a i t e d . Therefore an increase of 
21 /J g-at. p / l would greatly enhance the possibilitj?- of pr e c i p i t a t i o n 
during 8,utoola¥i:ig, f h i e was found to be the case i f the pH of the 
medium firas not adjusted to 8..4- before autoclaving. However*, with 
Ij.ght autoclavingj i t was found that the p o s s i b i l i t y of 
pr e c i p i t a t i o n was much less - a finding also of Provasoli et (1957) 
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3 • SEXUALITY MW _ilS,,L^ j g S E 

FroBi the preliminary experiments i t was observed that as the 

cel l s attained a certain size i n certain s a l i n i t i e s spores were 

produced. I t was therefore decided to investigate over what 

range of c e l l size spore formation occurred i n a wider range of 

s a l i n i t y . Consequently the diatom was repeatedly subcultured i n 

the various s a l i n i t i e s u n t i l i t seemed impossible f o r f u r t h e r c e l l 

m u l t i p l i c a t i o n to occur. This investigation lasted over b. year. 

The cultures \xsei had previouslj' been established at the 

d i f f e r e n t s a l i n i t i e s (see Materials and Methods), No cultures 

could be established i n s a l i n i t i e s of 6 ,7 °/oo and below. I n a 

s a l i n i t y of 6 ,7 °/oo l i t t l e or no growtla took place and a f t e r about 

three days the cells died. Inimediately a f t e r inoculation i n 

s a l i n i t i e s of less than 6 .7 °/oo the cell s burst and died. The 

author suggests that the bursting i s the result of an osmotic 

e f f e c t , the culture medium being hypotonic to the c e l l contents of 

the diatoms. 

Fig. 3 i l l u s t r a t e s the r e l a t i o n of vegetative c e l l diameter 

to the diameter of the cell s developing from auxospores. I t can be 

observed that the rate of decrease i n the average vegetative c e l l 

size was uniform down to about 180 /u. Thereafter there was a slowing 

down of the ra t e . The average size of cell s developing from the 
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Pig. 3* 'The r e l a t i o n of vegetative mean c e l l diamete;" 

with time; and the mean diameter of cells 

developing from aoxospores produced by vegetative 

c e l l s ??ith:iii the sexual induction size range. 
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auxoapores i s nearly the same i n a l l cases. The maximum c e l l 
diameter attained was 510 fi and the rainimum was 450 M» Spore 
formation occurred within the average c e l l diameter range of 91 to 
309 /u. This i s about 20 to 65^ of the mean maximum c e l l diameter. 
Optimal iDroduction of spores occurred v/ithin the range of about 
30 to 55̂ 1 of the mean maximum c e l l diameter i.^. 14-5 to 273 ju. 
Within t h i s size range the ce l l s developing from the auxospores 
were more viable than those produced at the upper l i m i t of the 
sexual induction size range. 

fhe ce l l s developing from the amcospores can be from about 

one and a half to four and a half times the average diameter of 

the c e l l s producing them. There was .no apparent difference i n 

size between the male gamete or zygote mother c e l l s , as the 

cultures used contained only c e l l s of f a i r l y unifoi'ia diameter. 

Fewer male gamete laother c e l l s were observed i n the upper l i m i t 

of the sexual induction sise range, but the number increased 

progressively 'ffith decreasing c e l l diameter. I n the case of the 

auxospore mother c e l l s the opposite tendencj?- was observed. 

Conssquentlj'- the proportion of male gamete and auxospore mother 

ce l l s varied with t h e i r size or diameter. 

Sejoiality may not occur i n a l l c e l l s w i t h i n the sexual 

induction sise range. I t was obsei-ved that some ce l l s continued 

dividing vegetatively and t h e i r products beoatae s t i l l smaller 

u n t i l t h e i r size was reduced to about 15fS of the mean laaxiraum 
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c e l l diameter, i . e . 64 ju, a f t e r which di v i s i o n ceased and death 

ensued. 

The s a l i n i t y and temperature range wi t h i n which sexuality 

can be induced was found to be 19 to 33 '^/oo and 24 to 28°C 

respectively. 
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G-ROWTH BATE OT" CELLS Of DIFFEKSTW JIAIBTIES 1 ^ 
28QC~' MP Ul5Mr.G.0jfTI^^ 

During the course of the preliminary experiments on the growth 

of the diatom i n a range of s a l i n i t i e s i t was observed that as the 

cel l s m u l t i p l i e d they became SEiallei- and smaller i n size. The 

smaller c e l l s appeared to multiply faster than the larger c e l l s . 

I t was therefore decided to investigate whether the d i f f e r e n t growth 

rates of the various sizes of c e l l s bear any relationship to each 

other. The growth rate was determined during the exponential phase 

of growth. 

The investigation was carried out at two s a l i n i t i e s - 13,5 °/oo 
0 . 

and 19.9 /ooj because i n cultures at these s a l i n i t i e s male gamete 

and auxospore formation are i n h i b i t e d . The following diameter 

sizes of ce l l s were used at the d i f f e r e n t s a l i n i t i e s : ~ 

( i ) 13.3 °/oo - 73 - 91 iu; 91 - 109 n; and 327 - 345 fi. 

( i i ) 19.9 °/oo - 127 - 145 fi; 145 - I 6 4 ju; 236 - 254 )i and 327 - 345 /J . 

The experiments were separated i n time as the sizes could not 

be obtained at the same time. The results are shown graphically i n 

Fig. 4(b) and (a) at I 3 . 3 *̂ /oo and 19.9 °/oo respectively. The 

growth rate (= mean generation time) are presented f o r t o t a l cells 

( i . e . l i v e and dead c e l l s ) i n Table Y. 
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Fig. 4a , h, G-rowth curves of d i f f e r e n t sizes of ce l l s 

at two s a l i n i t i e s , 13.3 °/oo and 19.9 °/GO, 

( i ) & ( i i ) 327 - 345 F 

( i i i ) 236 - 254 p. 

( i v ) 145 - 164 |i 

(v) 127 - 145 \x 

( v i ) 91 - 109 F 

( v i i ) 73 - 91 p 

4c , The relationship between t o t a l c e l l surface 

ai'ea and d i v i s i o n r a t e . 
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TABLE Y. Relation of c e l l diameter to mean generation time 
at the d i f f e r e n t s a l i n i t i e s 

S a l i n i t y 
(7oo) 

13.3 

19.9 

Diameter rauf^e 
(microns) 

73 - 91 

91 - 109 

327 - 345 

127 

145 

256 

327 

145 

164 

254 

345 

T " 

I 

t 

Mean generation time 
(hour) 

15.8 

16.4 
30.0 

18.0 

18.5 

23.5 

30.0 
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TABLE f l , Helation of average c e l l surface area to mean generation 
t i s e 

keyage, c e l l surface area SSSLISPSJStion time 

43,280 15.8 

55,600 16 .4 

83,320 18 .0 

99,150 18.5 

192,100 23.5 

311,800 30.0 

^^^367,400 53.5 

^^•^computed from Table ITII 
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The relationship between t o t a l c e l l surface area and d i v i s i o n 
rate i s expressed graphically i n f i g . 1^.(0). Cell surface area* 

was found to be a more useful s t a t i s t i c than c e l l volume since i t 

gives the effective raxiasure f o r the absorption of nutrients. I t 

is,assumed ^that t o t a l c e l l surface area varies with c e l l volume. 

From :Table Y i t i s obvious that the smaller c e l l s divided 

more rapidly than the larger ones. I n the two categories of 

smaller diameter ra^nge of ce l l s i n both s a l i n i t i e s the differences 

i n the groBHii rate are s l i g h t . 

I n Table YI the rae8,n generation time decreased, with 

reduction of average c e l l surface area. Expressed graphically, 

a s t r a i g h t l i n e i s obtained. Pig. 4 ( c ) , inMoating that the 

r e l a t i v e growth constant i s the same for a l l c e l l sizes. 

•Average c e l l area = average t o t a l surface area, calculated by 
2 

using the formula 2TIr + 2 T r r l . ( l = mean length of pervalvar 
axis) See Eesu.lt.s Section 5.1. f o r value. 
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5- THg P '̂ FACTORS ON OTS &ROwTH RATE 
0? THE " DIATOM AT 2™8OG*"^MF~MDER ^CONWMJWS'^LiaET 

Since smaller c e l l s grow faster than larger ones i t was decided 

to use c e l l s of the same average size i n any one set of experiments. 

Thus the growth rate under the varyjjig conditions of one factor can 

be compared. The external factors investigated were s a l i n i t y , 

l i g h t i n t e n s i t y and temperature. I l l c e l l s used were those which 

cannot be induced to form spores. I n the cs,se of the experiments 

to determine the effect of l i g h t i n t e n s i t y and temperature the 

cells used belonged to the second generation of auxospore cel l s 

derived from the o r i g i n a l clone. Al.though the sizes of the c e l l s 

f a l l within the sexual induction s i z e range yet i t was d i f f i c u l t 

to induce spore formation i n them. 

1. S a l m i t j . 

I t s a l i n i t i e s of 13.3^ l 6 , 5 , 19.9 and 2 6 , 7 ° / © ° diameter 

range of c e l l s used was 327 to 345 M and at 32.9 / oo i t was 364 

to 382 These ce l l s belonged to the o r i g i n a l clone. 

The results are set out i n Table V l l ( a ) . 

The growth rate was approximately the sam.e at the s a l i n i t i e s 

13.3 to 26.7V00 but s l i g h t l y less at the 32.9°/oo S i n which 

a O-ifferent sise range of ce l l s was used. 

The growth cu.rves at the d i f f e r e n t s a l i n i t i e s are shown i n 

J'ig. 5 (a to c ) . I t can. be seen that the number of t o t a l and of 

l i v e c e l l s obtained at the stationary phase had some relationship 

to the S 8 , l i n i t i e s used.. 
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TABLE 1/Il(a). (S-rowth rate (= mean generation time) at d i f f e r e n t 
s a l i n i t i e s 

i^zMSilL^Clss) IgM__.geaeratioa time 

(houry 
13.3 29.8 

16.5 30.0 

19.9 29.8 

26.7 50.2 

32.9 33.5 
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Pig. 5. Growth curves at d i f f e r e n t s a l i n i t i e s , 

a . 32.9 °/ooSi c e l l diameter 364 - 382 /a. 
0—0—0 t o t a l c e l l s , 

0—0—0 l i v e c e l l s , 

k . Total c e l l s - 13 .5 , l 6 . 5 , 19,9 and 26,7 % o S | 

c e l l diameter 327 - 545 / i . 

C , Live c e l l s - same detail s as f o r ( b j . 

d . Total c e l l s - at 10.1 and 13.3 '^/ooB; 

c e l l diameter 75 - 91 yu. 
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I'ABLS ¥ 1 1 ( b ) . frrowth r a t e (mean generation time) at d i f f e r e n t 
s a l i n i t i e s 

fhourl 

lOa 28.0 
15.3 15.8 
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cr 
O 

Total cells 

6 8 lO 12 14 16 

Time in days 
18 2 0 

Fig. 5 
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I n a l a t e r i n v e s t i g a t i o n c e l l s of the diameter range 73 t o 

91 {-I wei^e used a t the s a l i n i t i e s of 10 .1 and 13.5°/oo« These 

c e l l s also were the products of the vegetative rflultiTilicetion o f 

c e l l s of the o r i g i n a l clone, The growth rate o f the c e l l s a t 

13'3°/oo was s l i g h t l y raore than twice t h a t of c e l l s a t 10.1*^/00 S 

('Table T l l ( b ) ) . Moreover 8.t the l a t t e r s a l i n i t j ? - a l a g phase of 

about two days was observed ( F i g . 5 ( d ) ) , In t h a t time a few c e l l s 

died and the r e s t became adapted. 

I n grouping the r e s u l t s of both investiga,tions together i t 

can be s a i d t h a t the growth r a t e of the diatom i s s i m i l a r over 

the s a l i n i t y range of 13 t o 33°/oOj and below the range i t f a l l s 

appreciably. More precise information requires that a l l the 

experiments be conducted simultaneously a t the various s a l i n i t i e s 

w i t h the same siae of c e l l s . This vras i m p r a c t i c a b l e owing t o an 

unavoidable l i m i t a t i o n on the number of experiments t h a t could be 

done at the same time. 
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2. L i g h t I n t e n s i t y 

' f i l l s i n v e s t i g a t i o n was c a r r i e d out i r i t h c u l t u r e s at 26.7 ^/ooS 

and c e l l s of diameter range 200 t o 218 p.. 

The r e l a t i T e gi-owth constants f o r the various l i g h t i n t e n s i t i e s 

are presented i n Table 17111. The r e l a t i v e growth constant f o r each 

l i g h t i n t e n s i t y was s l i g h t l y v a r i a b l e , hut i t appears t h a t there 

was s a t u r a t i o n a t about 6,000 l u x and no i n h i b i t i o n at n e a r l y 

15 ,000 l u x ( P i g . 6 ) . Bach p o i n t on the growth curve i s the average 

ra t e f o r two c u l t u r e s . 
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TABLE V I I I . S e l a t i o n of l i g h t i n t e n s i t y t o r e l a t i v e growth constant 

L i g h t i n t e n s i t y ( l u x ) Rela/civs^ /cro^i-th^ co-istfjit 
Kj'Xlogo day u n i t s T " ' 

2,850 0 . 6 3 

5,400 0 . 6 6 

if J 500 0 . 7 1 , 0 . 7 6 , 

5,000 0 . 7 7 , 0 . 8 5 

5,700 0 . 9 3 

6j,60G 0 . 8 8 , 0 . 9 3 

8,550 0 . 8 9 , 0.98 

9 , 4 0 0 0 . 8 6 , 0 . 8 6 , 

10 , 000 0 .95 , 0 . 9 1 , 

15,000 0 . 8 6 , 0 . 8 6 , 

0 .86 , 0 . 8 9 , 
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P i g . 6 . R e l a t i v e growth constant, K, (l^Sg i m i t s ) 

as a f u n c t i o n of l i g h t i n t e n s i t y . 
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3. femperature 

fhe growth r a t e was examined at the f o l l o w i n g temijeratui'es -

1 5 ° , 20*^, 2 5 ° and 28°G. Cultures at a s a l i n i t y o f 26.7 °/oo and 

co n t a i n i n g c e l l s of diameter range 182 t o 200 ji were used. 

The growth of the diatom at 15°C was e r r a t i c , fhe growth rates 

at the other three temperatures are given i n Table 12 . I t i s 

obvious t h a t the growth of the diatom at 20°G i s s i g n i f i c a n t l y lower 

than at the other tv/o temperatures. The d i f f e r e n c e i n growth r a t e 

of two hours a t 2 5 ° and 28°C cannot be considered as s i g n i f i c a n t 

sixiee s i m i l a r v a r i a t i o n has been showa t o occur w i t h i n the 

i l l u m i n a t i o n range used (5^500 t o 8,000 l u x ) i n the l i g h t i n t e n s i t y 

experiments. 

fflaile some stock c u l t u r e s were i n an. a i r - c o n d i t i o n e d room 

on stands (as described i n the M a t e r i a l s and Methods) the a i r -

c o a d i t i o n e r blew up o v e r n i g h t . Consequently the a i r cooled 

c u l t u r e s became heated up t o a temperature of, 33 t o 35°C. They 

remained i n t h i s c o n d i t i o n f o r about a day. On examination of the 

cu l t u r e s i t was found t h a t the c e l l s had d i e d . I t would seem 

t h e r e f o r e t h a t a temperature of about 35°C i n h i b i t s the growth of 

the diatom. 
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TABLE I X , The growth r a t e a t d i f f e r e n t temperatures 

Temperature (o^) M.®j!Ê a£̂ ®£S.'''̂ °̂ LJli"i®. 
(hgurT" 

2 0 2 7 . 8 

2 5 22 . 9 

2 8 2 0 . 9 
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sfgBgr , OF smmi FOEijATiori oji TVS ,G-RQ;.ffij,,, OP TEE 
DIATOM mfPEB COkTMlOTTS' ILLUJ.f-FiTldk Md AT 28oC 

I t was suspected t h a t spore foraation may have an effect 

on the growth rate of the dia.tom. Conssquently i t wa,s decided 

to investigate i f there was such an e f f e c t . 

This investigation was carried out at three s a l i n i t i e s -

2 3 . 2 ^/oo, 2 6 , 7 °/oo and 29.8°/oo, Two kinds of c e l l s were used -

( i ) c e l l s a r i s i n g from the o r i g i n a l clone isolated from the 

estuary having a diameter range of 200 t o 218 ; i j ( i i ) c e l l s 

a r i s i n g from the auxospores of the l a t t e r having diameter ranges 

of 2 9 1 to 3 0 9 Ai and 1 8 2 to 2 0 0 ju. These s i z e s of c e l l s l i e within 

the sexual induction s i z e range. 

The i n i t i a l percentage of spore fonaation and mean generation 

time are shoim i n Table X. 

I t was observed that male gamete formation usually began within 

7 2 hours, and auxospore formation within 1 2 0 hours, af t e r inoculation. 

Their induction usually took place during the exponential phase of 

growth, 

Another investigation was made to determine the percentage of 

c e l l s involved i n male gamete and auxospore fomation, as w e l l as 

vegetative d i v i s i o n , at two s a l i n i t i e s - 2 3 . 2 °/oo and 2 6 . 7 '^/oo -

using c e l l s i n the diameter range 1 0 9 t o 1 2 7 P-, The diameter range 

of the c e l l s f a l l to'smrds the lower l i m i t of the sexual induction 
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TilBLE I . The r e l a t i o n between spore for m a t i o n and growth r a t e a t 
d i f f e r e n t s a l i n i t i e s and f o r d i f f e r e n t sizes of c e l l s 

SaLmit^, 

Ciss) 
A. 26 .7 

3 days l a t e r 

B. 29.8 

26,7 

23.2 

C. 26 .7 

23.2 

Memi_^rie_r9,tion t i a e 
(hou£) 

27.3 

26.0 

18 .2 

21.5 

18.2 

16,9 

15.9 

^ In^itiaJ. 
Spore f o miatioa 

1 5 | 

10) 

5) 

10) 

7) 

Diameter 
ran^e (p) 

200 - 218 

291 - 309 

182 - 200 
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'fig. 7 . Percentage spore f o r f f i a t i o n and of vegetative 

c e l l s at two s a l i n i t i e s , 

o—0——o t o t a l spore f o r m a t i o n , 

o—-0—0 male gamete foi"mation, 

o-.-o-.-o zygote f o r m a t i o n . 



26.7«>/ooS 

Time in days 

Fig. 7 
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size range. The inocultim. was l a r g e (a,bout 100 c e l l s ) . The 
obsenratiwft was mad© during the period of exponential gr-woth and 
the r e s u l t s are expressed g r a p h i c a l l y i r i F i g . 7 (a) and ( b ) . 

I t ?ras observed t h a t although twice as many male gamete 

mother c e l l s were produced i n i t i a l l ; ^ a t 26.7°/oq S than a t 

25.2*^/00 S5 about the same percentage of auxosxiores were foi*med. 

The i n i t i a l i n d u c t i o n o f male gamete formation and consequently 

thear release was a l i t t l e e a r l i e r a t 23,2°/oo S than at 2€,'f^/oQ S, 

E a r l y stages of developing a.uxospores were observed on. the second 

day a t the lower s a l i n i t y . Male gamete form a t i o n took place 

throughout the ex j j o n e n t i a l phase but the percentage of c e l l s " 

i n v o l v e d decreased with time, whereas developing auxospores were 

on the increase xmtiJ. the end of the exponential phase when t h e i r 

numbers declined rapidly/-. The percentage of "vegetative" c e l l s 

dropped r a p i d l y w i t h the i n c e p t i o n o f male gamete f o i m a t i o n and 

the drop was more pronounced when more c e l l s were i n v o l v e d . 
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7. mmCT Of EX^PSEML I'ACTOKS ON SPOEl FOEMi^l'IOH 

P r e l i m i n a r y observations on the growth o f the di8,tom i n d i c a t e d 

t h a t s a l i n i t y has an e f f e c t on spore f o r m a t i o n . I t was decided t o 

i n v e s t i g a t e t h i s f a c t o r f u r t h e r and also the e f f e c t of other f a c t o r s 

such a,s temperature 5 l i g h t i n t e n s i t y and photoperiod. I n the 

experiments on photoperiodic e f f e c t a 12 hour photoperiod was 

chosen as t h i s i s approximately the e c o l o g i c a l photoperiod of the 

di9.tom i n the estua-r^r. 

The production o f raale gametes and auxospores was f i r s t 

examined i n a l l the est a b l i s h e d c u l t u r e s i n the d i f f e r e n t s a l i n i t i e s 

of the medium and then i n subcultures prepared by t r a n s f e r r i n g 

c e l l s from one s a l i n i t y i n t o another. The c e l l s used were those 

of cLiameters which l i e w i t h i n the sexual i n d u c t i o n size range. 

The working temperature range w&s 2if. t o 28°C. 

Spore for m a t i o n only occurred w i t h i n the s a l i n i t y range of 

19 t o 53 lone occurred i n the l 6 . 5 °/oo s a l i n i t y ( s ) and 

beloTir. R e l a t i v e l y greater spore formation occurred i n c u l t u r e s 

of s a l i n i t y 26.7 °/oo (Tables X I aD.d X I l ) . Usually w i t h i n 72 t o 

96 hours some 10% of the c e l l s vrould have s t a r t e d rneJe gamete 

formation J depending on the diameter of the c e l l s . This 

percentage then decreased w i t h time, as the percentage of c e l l s 

commencing a,uxospore formation increased. 



93 

TABLE X I . Male &aiaete Jor jaa t ion 

O r i g i n a l S a l i n i t y ( ' / ooS) 

xraJisferred to 
( V o o S ) 

1 
D i d no t proceed ftirther than 
spennatogonia stage 

+++ 10 - 15?? 

-j-H- 5 - 10€ 

+ less than 55? 

- no male gamete or 
auxospore f o r m a t i o n 

1 no t r a n s f e r made 
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TABLE X I I . Auxospore P o m a t i o n 

T r a n s f e r r e d t o 

I ( 7 o o S ) 

32,9 

29.8 

26.7 

23.2 

O r i g i n a l S a l i n i t y ( /ooS) 

16,5 32.9 I 26.7 

19.9 

16.5 

2 I 

4.4.+ 

I I 
19.9 

I 

1 
X 

4 

- 4 

+++ 10 - 15% 

++ 5 -

+ l e s s than 5?$ 

- no male gsiaete or auxospore f o r m a t i o n 

X no t r a n s f e r made 
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The r e s u l t s ob ta ined i n s u b c u l t u r i n g experiments i n which the 
c e l l s were t r s , n s fe r r ed f3"om one s a l i n i t j r l e v e l t o another are 
summaxized i n Tables X I and X I I . The dia^meter range o f the c e l l s 
used was 255 t o 273 

From the r e s u l t s i t can be seen t h a t there was no i j u h i b i t i o n 

t o spore f o r m a t i o n i n s u b c u l t u r i n g c e l l s f rora a h ighe r t o a lower 

s a l i n i t y l e v e l except a t the 16.5 °/ooS l e v e l , where spore f o m a t i o n 

d i d n o t occur no r raa l ly . Some i n h i b i t i o n was noted on t r a j i s f e r r i n g 

c e l l s f r o m a lower to a h igher s a l i n i t y l e v e l especially'" a t the 

32.9 ° / o o S l e v e l . A t the 52,9 ° / ooS l e v e l sijermatogenesis u s u e l l y 

took p l a c e , but v e r y few male gamete mother c e l l s were produced, 

VIOaether the male gametes were reles,sed o r n o t , no auxospoi'e 

f o r m a t i o n was observed,. I t t h e r e f o r e appears tha.t ppore f o n n a t i o n 

occurs w i t h i n a g iven s a l i j i i t y range and i s n o t induced by mere 

d i l u t i o n , 

Ce l l s showing var ious stages o f male gamete and auxospore 

f o r m a t i o n were t r a n s f e r r e d t o f r e s h medium of l6 .5 ° / o o S . 

Spermatogenesis u s u a l l y proceeded u n t i l the male gametes lirere 

re leased and auxospore. development was coEpleted. l(h-en some 

c e l l s , which i n c l u d e d var ious stages o f male gamete fo rmat ioa i . 

were t r a n s f e r r e d from, c u l t u r e s a c t i v e l y produc ing aale gametes 

and auxosT)ores, i n t o f r e s h Diediiini of l6 .5 "^/ooS, auxospores were 

produced. These germinated t o g ive c e l l s w i t h diameters rang ing 
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f r o m 400 t o 450 ( I , I t would seem, therefore, that when 
gametogenesis had begem the p roduc t i on o f male gametes and 
amcospores was n o t a f f e c t e d by ehangin,g s a l i n i t y . 
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2. 

Spore format ion, i n c e l l s o f diameter range 291 - 309 P- was 
i n v e s t i g a t e d a t f i v e temperatures and two s a l i n i t i e s . The 

0 O O 0 o 

temperatures mere 15 j 20 ^ 25 , 28 and 29 C: the s a l i n i t i e s -

23.2 ° / o o and 26.7 '^/oo. Ô he c e l l s vrere f r o m those a r i s i n g f r o m 

the auxospore o f the o r i g i n a l c l o n e . The s ize o f c e l l s and the 

s a l i n i t i e s l i e v r l t h i n the sexual i n d u c t i o n s ize and s a l i n i t y ranges. 

The r e s u l t s are shoTO i n F i g . 8 (a, - d') and Ta.ble 2 I I I . 

A t 15°C the gro i r th o f the diatoia was e r r a t i c and no spore fonr ia . t ion 

occu r red . 

Spore f o r m a t i o n was more pronounced i n c u l t u r e s a t 26.7°/oo S 

( S a l i n i t y ) than in. those a t 2y.?°/oo S. A t the 26.7°/oo -'̂  i t was 

s l i g h t l y b e t t e r a t 25° than a t 28^0 (Table X I I l ) . No spore f o r m a t i o n 

occurred e i t h e r a t 20° or 29°C. A t 23 . 2° /oo S developing auxospores 

appeared on the f i f t h . d,ay softer i n o c u l a t i o n e.t 25° and 28°C. A t 

26.7°/oo S the,y appeared on the f o u r t h and f i f t h day a t the tv/o 

temperatures r e s p e c t i v e l y . 

Cul tu res o f 23.2°/oo S grew at the same r a t e i n temperatures 

o f 25° , 2 8 ° and 29°C even though spore f o r m a t i o n occui^red a t 

25° and 28°C, I n those of 26.7°/oo S the growth r a t e was about the 

same a t 2 5 ° 8Bd 28 C, the temperatures a t which spore f o r m a t i o n 
OGcurredj bu t s lower thsn a t 29°C. I t i s apparent t h a t the s lower 

growth r a t e i s a r e s u l t o f the pronounced spore f o r m a t i o n at t h i s 

s a l i n i t y . The growth r a t e was the saae i n both s a l i n i t i e s a t 
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TABLE X i r i ; , E f f e c t o f temperature on the growth r a t e and spore 
f o m a t i o n a t two d i f f e r e n t s a l i n i t i e s 

S a l i n i t y 

( 7 o o ) 

23.2 

26.7 

Temperature 

Co) 

20 

25 

28 

29 

20 

25 

28 

29 

Mean genei 'a t ion time 

(hour) 

i 
S 

22.5 

17.8 

18.2 

18.0 

25.4 

20.2,. 

21 ,5 

18.3 

I n i t i a l Spore 

f o m a t i o n 
m 

N i l 

5 

5 

N i l 

N i l 

12 

10 

F i l 
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l i g . 8. Growth curves a t two s a l i n i t i e s and a t d i f f e r e n t 

temperatures . 
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o o 
20 and 29 C respeetivelj?- . 

I t a^ppears t h a t the tempera tures j 25'"' and 28'^Cj l i e w i t h i n 

the optimum range f o r spore f o m a t i o n i n the d ia tom. Also the 

maximum temperature f o r spoi-e for-mation seeras t o be 28°C as i t d i d 

no t occur a t 29°C . Thus a d i f f e r e n c e o f one cent igrade degree 

above the majciiaum temperature was enough t o i n h i b i t spore f o r m a t i o n , 
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3. Al te rna t ing L i g h t / D a r k Cycle and^^^Cont.ijmous I l l u m i n a t i o n 

The s a l i n l t j i - l e v e l o f 26.7°/oo was chosen because i t had 

been found t h a t c u l t u r e s o f t h i s s a l i n i t y a t 28°C produced more 

spores than those w i t h i n the sexual i n d u c t i o n sal3-ni ty range, 

Ce l l s ( o r i g i n a t i n g f r o m a-uxospores o f the o r i g i n a l c lone) o f diametej 

rajige 255 - 2 7 3 w e r e used. The mother c u l t u r e , irtiich. p rov ided 

the i n o c u l a f o r the c u l t u r e s , was obta ined f r o m subcul tures which 

had r ece ived the l i g h t / d a r k t rea tment f o r over a f o r t n i g h t . 

The a l t e r n a t i n g l i g h t / d a r k cyc le W£ts a twelve hour l i g h t 

p e r i o d f o l l o w e d by a twelve hour dark p e r i o d . Tvro s e r i e s o f 

experiments were c a r r i e d out a t t h i s l i g h t t r ea tmen t . One o f 

them was sampled everj^^ twe.n1y f o u r hours and the o the r every 

tti 'elve hou r s . The, l a t t e r saiaples were taJcen i n order t o i n v e s t i g a t e 

the e f f e c t o f the i n d i v i d u a l l i g h t and dark p e r i o d s . A c o n t r o l 

experinient was c a r r i e d out s imul taneous ly under continuous l i g h t 

and sampled every twenty f o u r hou r s . 

The r e s u l t s are shomi i n P i g . 9 (Q - C . ) and the mean 

genera t ion t ime and percentage i n i t i a l spore forma-ti.on i n Table I V . 

I t was f o u n d t h a t many more male gsimetes and auxospores were 

produced under the l i g h t / d a r k cyc le t rea tment than under cont i imous 

l i g h t . Dur ing the exponen t i a l phase of g rowth , the mean genera t ion 

t ime under the l i g h t / d a , r k circle t rea tment was slower by about f o u r 

hours than t h a t under continuous l i g h t (Table X V ) , Developing 
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TABLE X I . Comparison o f the i n f l u e n c e o f two l i g h t treatments: 
on male gamete and auxospore f o r m a t i o n a t 28oC 

Light t rea tment lfean_^_£eneration^tt^ J :<^in. i t ieJ 
Thour) ^£9Tf\ f°~"f-P?-9B. 

Continuous l i g h t 12.8 10 

A l t e r n a t i n g l i g h t / 
dark cyc le 16 .7 20 
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F i g , 9. Growth curves o f the dia tom i n 

a. continuous l i g h t sampled every 24 hours^ 

b , a l t e r n a t i n g l i g h t / d a r k cycle sampled every 

24 hours 

a l t e r n a t i n g l i g h t / d a r k cycle sampled every 

12 hours 
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auxospores appeared e a r l i e r under continuous l i g h t than i n the 
a l t e r n a t i n g l i g h t / d a r k cyc le t rea tment ( P i g , $0 , b), 

For the f i r s t f i v e days d u r i n g the exponen t i a l phase o f growth 

the number o f c e l l s i n the c u l t u r e s under cont inuous l i g h t was 

abmut t w i c e th8.t under the l i g h t / d a r k c i r c l e . T h e r e a f t e r the number 

o f c e l l s i n bo th sets o f c u l t u r e s approached each o t h e r . Thus the 

l i g h t t rea tments had d i f f e r e n t e f f e c t s on the diatom durir-ig the 

e x p o n e n t i g i phase o f g rowth , though t h e i r subsequent e f f e c t s on 

gi 'oirth ?fere the same. The 12 hour p.hotoperiod was more conducive 

to spore f o r m a t i o n than the continuous l i g h t t r ea tmen t . 

Ifhen sampling was done every twelve hours ( F i g . 9C), i t was 

observed t h a t d u r i n g the f i r s t f o u r days o f growth under the l i g h . t / 

dark c y c l e , the normal d i v i s i o n r a t e was promoted by b o t h the l i g h t 

and dark, p e r i o d s . T h e r e a f t e r the dark pe r iods produced a decrease 

i n the number o f l i v e c e l l s , u n t i l the onset o f the ste^tionary phase. 
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4 . High L i g h t I n t e n s i t y 

I t has been shown t h a t when c u l t u r e s were sub jec ted t o an 

a l t e r n a t i n g l i g h t / d a r k cyc le o f twelve hours l i g h t and twelve 

hours darlmessj more spores were produced than under oont imoxis 

l i g h t . Consequently i t was decided t o determine the e f f e c t on 

spore f o r m a t i o n when the l i g h t i n t e n s i t y was doubled ( i . e . 11^000 -

12,000 l u x ) . The experiment was ca i rded ou t a t the s a l i n i t y o f 

2S ,1'^/OQ BXISL c e l l s o f the diameter range 255 ~ 273 P were again 

used. The r e s u l t s a.re set out i n Table X V I . 

The mean generaticm time was the same f o r the continuous low 

l i g h t and a l t e r n a t i n g h-J.gh l i g h t t rea tmentg ,and no spore f o r m a t i o n 

took p lace under the a l t e r n a t i n g high l i g h t t r ea tmen t . The 

d i f f e r e n c e i n mBan genera t ion t ime betvfeen the a l t e r n a t i n g low 

l i g h t 8j:id alternating high l i g h t t reatments was about f o u r hours, 

The same d i f f e r e n c e i n mean genera t ion t ime was observed between 

the continuous low l i g h t and a l t e r n a t i n g high l i g h t treatni.ents. 

Al though the same amount o f l i g h t energy was rece ived b,y the 

c e l l s i n the two l a t t e r t r e a t n e a t s , and the growth r a t e was the 

same, y e t no spore fox-mation occur red . Therefore the i n h i b i t i o n 

o f spore f o n a a t i o n i n the a l t e r n a t i n g high l i g h t t rea tment was a 

d i r e c t e f f e c t o f the d u r a t i o n o f i l l u m i n a t i o n . Ilhen about h a l f the 

h i g h l i g h t i n t e n s i t y was used i n the »mm period o f time, the growth 

r a t e was slower and spoi*e f o r m a t i o n promoted. Therefore i t i s 

suggested t h a t the high l i g h t i n t e n s i t y , w h i l s t promoting a grovfth 
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TABLE Z ? I . Comparison o f the e f f e c t o f three l i g h t t reatments on 
growth r a t e and spore f o r m a t i o n 

Lieht l^ataaent MeM^^^aaeratiaa Spore formation 

t ime (hour) 

Continuous low l i g h t 12.8 Yes ' 

i U t e r n a t i n g low l i g . h t / 
dark cyc le 16.7 Yes 

A l t e r n a t i n g h i g h l i g h t / 
dark cyc le 15.2 No 
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rate i n which spore formation was possible, also inactivated those 
metabolie processes which would lead to spore fomation. 



- 110 -

8- THESgPECT ̂  J3P ^ TOgyffljf^ 
1, G-i'owth 

I n the course of the investigations the author ran out of 

b i o t i n and a bi o t i n - f r e e medium ?/as prepared and used. &ood growth 

of the diatom ?fas obtained as i n the case of the complete medium. This 

indicated that b i o t i n was not required the diatom f o r growth. 

In. general diatoas have seldora been shown to require b i o t i a f o r 

growth. Consequently the r e s u l t was not surprising. I n spite of 

t h i s , i t was decided to investigate whether the saae resu l t would 

be obtained by the presence or absence of one or some of the vitamin 

component of the complete medium. 

I t r/as realised that since the cultures of the diatom were not 

necessarily bacteria, free the results would be d i f f i c u l t to 

i n t e r p r e t . But s:ince bacterial grofrth ?fas not appreciable during 

the esponential growth of the diatom i t was f e l t that any observed 

effects can be interpreted as a direct action on the diatom. 

Since vitamins sx-e onljA retjuired i n small quantities the 

Inoculum was prepared such that there was a Eiinimura of carter-over 

of the vitamins, 

The c e l l s used i n t h i s investigation vrere talon from cultures 
o ̂  

i n the complete medium of s a l i n i t y 25.7 /oo. They ?/ere washed 

f i v e times i n s t e r i l e p l a i n medium of the sanie s a l i n i t y before 

inoculating i n t o the six variants of the complete aedium (see 

Materials and Methods) which were also of the same s a l i n i t y . Six 
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TABLE P f l l . Successive subculture experiments i n variants of 
the complete medium 

no growth: +?, doubtful growthi + to ++, s l i g h t to moderate 
grofrthj +++3 abundant growth) 

e 
f—I 

1 

2 

.5 

4 

5 

6 

+ 

•f 

4.? 

H 
O 

CM 1-4 
I 
a o 

H CM 
H O H 

+ 

hi 

P-4 

+ 

+ 

+ ? 

- f - ? 

H-4-+ 

+++ 

+.+.4. 
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TABLE X ? I I I . The growth rate i n three vitamin media 

Medium l'!eĴ l..,Jieneza._•̂ .̂ion time 
TSour) 

PLAIN + 27.4 

CM - BIOTIN , 20.2 

CM • 22.3 



113 -

successive subcultures were made i n each case under continuous 
l i g h t (5,500 - 8,000 lux) and i n a temperature range of 24 - 28°C. 
The diameter range of the c e l l s was 327 - 345 p. 3ilie grovth rate 
of the diatom i n those variations of the complete medium '#hieh 
supported abundant growth was subsequently determined. 

fhe results indicated that the diatom required vitamin B̂ ^ 

f o r growth but not b i o t i n or thiamine. I n the media where growth 

was i n h i b i t e d the c e l l s were pale, and w i t h increasing i n h i b i t i o n to 

vegetative growth thej became markedly elongated (the length of , 

the pervalvar axis was more than twice the value i n a recently 

divided c e l l ) and f a i l e d to divide. 

The b i o t i n free medium produced the best growth rate. However, 

the growth of the diatom i n the CM medium was better than i n the 

PLAIl + laedium. 

The results are outlined i n Tables I V I I and X ? I I I . 
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~ • Spore formation 

I t ?Tas shown i n the l a s t section that the vitamin media 

CM, CM - BIOTirf and PLIIH + B^g favoured the growth of the diatom. 

As a result i t was decided to determine the influence of these 

media on spore formation. Cells, of diameter range 25,5 - 273 /i, 

were obtained from cultures of 16,5°/QO 3 (a s a l i n i t y i n which 

spore formation does not occur), washed several thnes and inoculated 

i n t o the three media at 26,7^00 S. The percentage of each type of 

spore was determined during the exponential phase of growth and 

shorn i n Table I I I and Pig. 10 (A - C). The inoculum of 1 ml. 

contained about 100 c e l l s . 

Spore fomation was e a r l i e r i n the CM - BIOTIll mediam and 

better than i n the other two vitamin media, " f i t h the decline i n 

the percentage of male gamete foraiation the percentage of auxosoore 

formation increased. The l a t t e r observation indicated a d e f i n i t e 

relationship betireen the two kinds of a c t i v i t y . B i o t i n seemed to 

influence spore formation advei'sely. Titamin, B^^ '^^^ necessary 

and i t appears that the other constituents of the vitamin mixture 

had some influence on spore fomation. 
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T,iBLE SiX. Percentage spore formation i n three vitamin media. 

Type of 
Spore 
formation 

o 

Tjrpe of 
iledium 

PLAIN + 

CM 

CM - BIOTIW 

I PLAIN + 

I CM 

CM - BIOTIM 

% Spore formation rjer day 

2na 3rd 4th 5th 

22.5 2,6 0.8 0.4 

17.4 0.7 I 

17.2 1 2.8 
i 

3.0 

- 0.3 2.8 

0.9 2.3 

6.5 
1 ^̂ ^̂  ^ 

6.4 10.2 
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Fig . 10. Percentage spore fonuation i n three vit&Tiin media 

0 — o o male gamete formation, 

o—.-0—-o sygote formation. 
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6. OBSSirWffllGNS OF THE LI¥ING MifPSEIlL 
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rmKuTEO'^s OF sPO^j;_omiAKO£0._Kr<; hn-^riAr cnu^ OF 

I T i i l s t .spore formatioa was ooeurring i n c e l l s w i t h i n the 

seiraal induction size I'ange, the methods of fomation were 

investigated. Accounts of the methods f o r male gamete and 

auxospore forraation and development are given oelov. Photomicrographs 

of the sequence of the events as well as drawings made from the 

photomicrographs are used as i l l u s t r a t i o n s of the t e x t . 

The method of male garo-ete formation, as rela-ted below^ was 

follotfed i n one c e l l ^ However, the sequence of events i s essentiall,y 

the same i n other cells i n which i t was observed. The account of 

auxospor-e formation i s based on a number of observations made on 

man;,!- ce l l s undergoing t h i s type of spore fomation. 

I t was not posfjible to determine exactly the i n i t i a t i o n of 

male g3.mete foriTiation as the cell s usugilly rest on the f l a t surface 

of t h e i r f n i s t u l e s a.nd the f i r s t d i v ision often took place p a r a l l e l 

to the f l a t surface. However, occasionally the f i r s t d i v i s i o n of 

the nucleus can be observed i n valve viemr (Plate Y I l ) . The coriimenoe-

ment of the second division could be recognised by the s l i g h t 

shrinking ay/ay of the protoplasts of the products of the f i r s t d i v i s i o n 

froiii the f r u s t u l e w a l l , the presence of two nuclei, and the f i r s t 

signs of constriction of the protoplasts. 
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Lesend to Plates T i l - XVIII and, f i g . 11, 

Plate ¥11 - Two daughter nuclei i n undivided protoplasm. ,x 1,0,50, 

Plate ICEII " I I 
and Fig. 11 

(a - d) - 2nd d i v i s i o n of protoplasm 

Plate I and 

Pig. l i e ~ Completion of 3rd division, x 875. 

Plate XI and 

Fig. l l f - 4th- di v i s i o n i n progress, x 875• 

Plate I I I and 

Fig. l l g - 5th di v i s i o n i n progress, ,x 910. 

Plate I I I I and 
K g , l l h - 6th di v i s i o n i n progress, x 910. 
Plate XIV -• 6th div i s i o n nearing completion and 

coramencement of 7th division, x 910. 
Plate IN and 
Fig. H i - Completion of 7th d i v i s i o n and formation 

of Spermatogonia^ x 910, 
Plate X¥I -
r y i l - Production of actively swimming male gametes 

from spermatogonia, x $00 
Plate X T I I I 
a ao.d b - Liberation of male gametess a - x 1,575* 

b - X 560 

Plate IX a, b ~ x 875 

Plate IX e - x 910 
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The account of male gamete formation as seen i n one c e l l now 

f o l l o i f s . At 10,30 a.m. on 10.7.65 i t was observed t h a t the p r o t o p l a s t 

of a c e l l had d i v i d e d once, p a r a l l e l t o the f l a t surfaces of i t s 

f r a s t u l e and t h a t each of the r e s u l t i n g d i v i s i o n products were 

undergoing f u r t h e r d i v i s i o n ( P l a t e ¥ 1 1 1). This second d i v i s i o n 

took about an hour and a h a l f t o be completed (Plate IX a t o c 

and F i g . 11 a t o d ) . A f t e r a f u r t h e r two hours i t was observed 

t h a t a t h i r d d i v i s i o n had been completed and a f o u r t h d i v i s i o n was 

i n progress ( P l a t e X and F i g , l i e ) . A f t e r t h i s observation the c e l l 

was t r a n s f e r r e d from the o r i g i n a l medium i n t o f r e s h raedium i n a 

vrntch glass hv means o f a m i r c o p i p e t t e and i t s course of develop­

ment f o l l o w e d . At 2.50 p.m. the f o u r t h d i v i s i o n was s t i l l i n 

progress (Plate X I and. F i g . l l f ) and i t was coHipleted I n about an 

hour and a h a l f . Bj 3.50 p.m. the f i f t h d i v i s i o n had comraeneed 

(Plate X I I and F i g , l l g ) . By 4 .50 p.m. the diatom c e l l was almost 

f i l l e d w i t h n o n - f l a g e l l a t e d rounded p r o t o p l a s t s and t h i s was 

b e l i e v e d t o be a d i v i s i o n phase towards the s i x t y - f o u r " c e l l e d " 

stage (Plate I I I I and P i g . l l h ) . By 5.50 p.m. the diatom c e l l was 

e n t i r e l y f i l l e d ( P l a te ICIV), and a f u r t h e r d i v i s i o n had begun. 

By 7.00 p.m. the 128 "celled." stage had been completed ( P l a t e XY 

and ? i g . H i ) ; t h i s being adjudged by the reduced siae o f the 

rounded protopLasts. There f o l l o w e d a p e r i o d of about three t o 

f o u r hours when no f u r t h e r d i v i s i o n was observed. Suddenly 
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a t about 10.30 p.m. there was much a c t i v i t y . The presumptive 
speriaatogonxa were i n constant motion and d i v i s i o n was talcing 
place produclag u n l f l a g e l l a t e d bodies (male gametes) which were 
seen muving amongst the spermatogonia (Plates XYI and X V I I ) . 
8y 11 .00 p.m. the valves of the diatom f r u s t u l e were s l i g h t l y 
pushed apart and the m o t i l e male gametes tfere l i b e r a t e d i n 
large numbers i n t o the medium (Plate I T I I l ) . During the l i b e r a t i o n 
of these gametes i t ?/as observed t h a t not a l l of the rounded 
protoplasmic bodies had d i v i d e d ( P l a t e lUTIU). Manj'" of them o f 
various sizes never esca,ped from the diatom c e l l except when the 
valves Tfere completely f r e e d from each o t h e r . The male gametes were 
apparently not v i a b l e f o r more than a, da,y a f t e r l i b e r a t i o n . The 
rounded p r o t o p l a s t s usiia2.1y possessed man.y chi'omatophores and the 
male gametes onljr a few. 

JSach m o t i l e msJ-e gamete possessed a s i n g l e long f l a g e l l u m ; 

they were pear-shaped a.nd a.bout 8 /a,.long, fv/o kinds were observed; 

one had a "shee.th" a r i s i n g from the ra^ther rounded a n t e r i o r end 

enveloping about a quarter of the length of the f l a g e l l u m ; the 

other type had no such "shea,th" ( F i g . 1 2 ) . The proportions of each 

kind-could not be determined owing t o t h e i r small s i z e s , large 

number and were also a c t i v e l y swimming w i t h i n the c e l l . The 

formation and l i b e r a t i o n of the male gametes probably took place 

i n twelve hours. Ifo f u s i o n between two male gametes has been 

observed, a f t e r t h e i r l i b e r a t i o n f:r-om the mother c e l l . 
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F i g . 12 A. & B. Two kinds of male gametes| B. male gamete 

w i t h "sheath" towards a n t e r i o r end of gamete 

^ o c l y i X 125, 906. 
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Male gamete formation d i d not seem t o take place at any 
p a r t i c u l a r time of day. D'sually various stages o f t h e i r f o i T a a t i o n 
c o u l d be seen a t the same time i n the same c u l t u r e . Male gamete 
mother c e l l s were morphologically s i m i l a r t o the vegetative c e l l s 
and spermatogenesis occurred e n t i r e l y w i t h i n the mother c e l l , 
w i t h o u t t h e appearance of s i l i c e o u s or membraneous p a r t i t i o n s 
w i t h i n i t . Although i n t h i s observation some spermatogonia f a i l 
t o undergo m e i o s i s ^ i t i s presumed t h a t the number of gametes 
produced per c e l l i s 4 x 128, 

Prom previous observations o f c e l l s e x t r u d i n g t h e i r protoplasm, 

which had been t r a n s f e r r e d i n t o f r e s h medium, i t had been n o t e d t h a t 

the protoplasm u s u a l l y shrank i n t o the f n i s t u l e before gradual 

e x t m s i o n was recommenced. This i s thought t o be siniply an example 

of the common osmotic e f f e c t which occurs when p l a n t c e l l s are 

t r a n s f e r r e d t o f r e s h s o l u t i o n s i s o t o n i c ?<ith the o r i g i n a l o l d 

s o l u t i o n . This behaviour must have slowed down the process during 

the f o u r t h d i v i s i o n stage as the c e l l contents were becoming adjusted 

to the new c o n d i t i o n s . The loss i n time during t h i s p e r i o d of 

adjustment was confirmed by observations on other c e l l s which were 

n o t removed from the o r i g i n a l medium a f t e r the i n i t i a t i o n of male 

gamete f o r m a t i o n . 
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2. Auxospore (Zygote) P o m a t i o n ejid Bevelopment 

Auxospore development begins w i t h the protoplasm of the 

auxospore becoming detached from the f r u s t u l e w a l l s o f the mother 

c e l l ( P l a t e XIX and ? i g . 1 3 a ) . The two valves, cornx'^'ismg the 

f r u s t u l e , are severed along the g i r d l e band and the auxospore 

g r a d u a l l y e i t h e r enlarges betv/een the two valves, thus pushing 

them f u r t h e r apart before freeing i t s e l f fi'om them, or emerges 

d i r e c t l y into the medium. The former i s the usual way i n which 

development commences. Meanwhile the auxospore i s enveloped i n 

a d e l i c a t e n o n - s i l i c i f l e d membrane which i s capable of expansion 

and known as the perizonium. The auxospore usus,llj?- assumes a 

s p h e r i c a l shape i n the medium and has a, s i n g l e nucleus suspended 

by severa,! i^rotoplasmic sti'ands attached t o the pez'iphery. The 

nucleus i s not u s u a l l y central.lj'' placed but i s found more t o one 

end of the auxospore ( P l a t e TL and F i g , 1 3 b ) . The protoplasm contains 

numerous chromatophores, 

Plates XXI and XXII show the emergence o f an auxospore from 

one o f two attached daughter c e l l s . I t should be noted t h a t n e i t h e r 

daughter c e l l has had time t o develop a second valve and separation 

has not y e t occurred. Plates X X I I I and I X I V an.d P i g . 13c, d show the 

developing auxospore attached t o the t?ro valves of the o r i g i n a l c e l l . 

When the auxospore i s l l l i e r a t e d d i r e c t l y i n t o the medium, 

development proceeds u n t i l a l a r g e s i s e i s a t t a i n e d . An auxospore 

developing between two valves o f the raother c e l l f r e e s i t s e l f from 

them i n one o f two waj^s. I t can corfiplet8l3i' f r e e i t s e l f from them 
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Plate I I I and 
F i g . 

S'ig.. 5b 

PlatesXXI and 
XXI I 

P l a t e s I X I I I and 
I X I T and 
F i g . 5c ~ d 

Plate XXy 

Plates XXVI -
SCYIII and 
P i g , 5e - f 

Plates XS¥III 
XXS and 
f i g , 5 i - j 

Plates XXXI -
XXXII and 
Pi g . 5s - h 

Plate X I X I I I 

Plate XXIIT 

Plate H I T 

enlargement of zygote w i t h i n diatom frustule« x 1,250. 

s i j h e r i c a l aygote l i b e r a t e d in.to medium ?7lth 

d i s t i n c t nucleus, x 1,230. 

emergence and l i b e r a t i o n of zygote i n t o medium 

from one o f the attached daughter c e l l s , H I - x 1,060 
X X I I - X 875» 

developing zygote attaclied to the two valves 

of the parent diatom, f r t i s t u l e , x 875 • 

detachment of zygote from both valves of pai-ent 

f r - u s t u l e , X 875. 

complete detachment of one valve ancj s e c r e t i o n 

of ne?/ valve on the side 'ffhere the nucleus 

i s s i t u a t e d ^ XXVI & XXVji _ x 875 ; XXVTJ.T ~ -r 1,250* 

shedding of p a r t of perisonium a t end-of -

se c r e t i o n of new v a l v e ; XXIX & XXX - x 875. 

s e c r e t i o n of second ne?« valve, x 875» 

zygote mother c e l l and ne?/ c e l l ( l a r g e r ) 

a r i s i n g from zygote* x 560. 

p a r t i a l e x t r u s i o n of protoplast into a t h i n 

transparent sphere; sphere i s about twice 

dlam.eter of c e l l j , x 560. 

complete detachment of sphere, which f i o s , t s 

i n the iHedium, x 560« I 
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before i t secretes i t s f i r s t valve w i t h i n the perizoaium ( P l a t e XIC?), 
or from one of them, a f t e r the s e c r e t i o n of i t s f i r s t valve (Plates 
XXVI.and XXTJIl), and from the other a f t e r the s e c r e t i o n of i t s second 
valve, 

l{hen the auxospores have a t t a i n e d t h e i r maximum possible s i z e , 

the contents then c o n t r a c t from one side of the pgrizonium and 

secrete a new valve . Usually t h i s valve i s secreted on the side 

where the nucleus i s s i t u a t e d (platesJGCTI, XXTIII-and P i g , 1 3 e j f , i ) , 

The valve i s almost f l a t and has the markings and shape of the 

species» ffneii the f i r s t valve i s completely formedj the p a r t of 

the perizoniuiii under which i t has formed i s shed (Elates XXIX, 

ISX and F i g , 1 3 j ) . .The contents then c o n t r a c t from the perizonium 

on the opposite side to the newly fomed valve, and the second 

valve i s seeret«a (Plates XXXI, XXSII and F i g . 1 3 g , h ) . The 

perisonium may ba shed i n halves when the valves are corapletelj/ 

formed, or may e.nvelop the newly formed c e l l before i t f i n a l l y 

ruptures and i s l i b e r a t e d . P l a te XXSIII shows a c e l l Ts-hich has 

developed from a,n auxosj)ore and the auxospore mother c e l l . The 

whole process of an auxospore developing i n t o a .iaew c e l l of the 

maximum diameter range of the species u s u a l l y l a s t s f o r about two 

to three days, 

UsLial l j one or two days a f t e r the l i b e r a t i o n of the male 

gametes, auxospore development i s observed, l l i i s observation 

ims made a f t e r transferr;mg a c e l l undergoing spermatogenesis, 
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together w i t h a few other vegetative c e l l s , i n t o f r e s h medium i n 

a watch glass. The course of events was then f o l l o w e d a f t e r the 

male gametes had been l i b e r a t e d . I t has not been possible to 

determine o p t i c a l l y which c e l l s are raale gamete or egg mother c e l l s 

or normal vegetative cells» Occassionally c e l l s w i t h two n u c l e i i n 

the undivided p r o t o p l a s t ha.ve been observed using phase c o n t r a s t 

o b j e c t i v e s . Probably t h i s type of c e l l becomes the egg mothei' c e l l . 

At no time has a male gainete beeii observed t o laenetrate 

another diatom c e l l ^ although many have been seen t o swinij d i r e c t l y 

a f t e r r e l e a s ^ j t o a c a l l a.nd beoorae aittached to the g i r d l e region 

of i t s w a l l , Auxospore development has never been observed t o 

occur before sale garaete f o r n i a t i o n . Some c e l l s have been seen t o 

extrude a l l or p a r t of t h e i r cytoplasm i n t o a sphere which does not 

develop f r u s t u l e s . These spheres may remain attached t o the c e l l 

( P l a t e IXllY) or become completely detached or l i b e r a t e d ( P l a t e IXXV) 

i n t o the medium. These sjjhere producing c e l l s are not associated 

w i t h zygote formation, for they have been seen i n o l d cultures; i n 

cu l t u r e s ?i?ith c e l l s outside the sexual I n d u c t i o n siae range; i n 

cu.ltures of s a l i n i t y outside the sexual i n d u c t i o n s a l i n i t y range| 

and i n c u l t u r e s where no raale gamete form a t i o n has occurred. Their 

raaj or may not possess chromatophores, depending on whether the 

cytoplasm i s comiiletsly or not completely extruded, A nucleus 

i s never r e a d i l y seen by means of phase c o n t r a s t l i g h t microscopj'^. 

On occasions tha spheres can reach comparatively large dimensions 
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(500 t o 1 ,000 p. i n diameter)« Probably thesse are abnormal products 
as surmised by Holmes ( 1967) f o r s i m i l a r strnictureis i n h i s c u l t u r e s , 

The c u l t u r e s used i n t,hese observations contairiad normal 

vegetative c e l l s of s i m i l a r size with a diameter d i f f e r e n c e o f 

18 u ( i . e . 255 t o 275 f i ) = There was no apparent g r a d a t i o n 

i n s i z e w i t h i n t h i s range. About SOJi of the c e l l s were of the 

smaller diameter. Both siz e s of c e l l s produced male gametes and 

zygotes but many more of the smaller diameter c e l l s were prone 

t o do so than of the l a r g e r diameter ones. 

Many attempts were made to follow .nuolear d i v i s i o n s during 

raa,le gamete and zygote f o r m a t i o n using acetocarmine and Feulgen 

s t a i n i n g techniiiuesj, but w i t h o u t success. S t a i n i n g was not 

s a t i s f a c t o r y and fe a t u r e s of nuclear a c t i v i t y were i n d i s t i n c t . 



5 - A Possible Case o f Isogamy iB-__the_ Dia^^^ 

Two c e l l s were seen j o i n e d together along the g i r d l e region 

£ind also showing protoplasmic e x t r u s i o n i n t o a sphere (Plate XXXVI). 

This observation was made i n a c u l t u r e under continuous i l l u m i n a t i o n 

i n which male gamete and zygote formation we re o c c u r r i n g . The 

protoplasmic e x t r u s i o n appeared t o have o r i g i n a t e d p r i n c i p a l l y from 

one of the c e l l s . Px'ctoplasmic streaming was also e v i d e n t . Two hours 

a f t e r the observations were s t a r t e d the t h i n transparent sphere grew 

l a r g e r , apparently at a f a s t e r r a t e than t h a t at which the p r o t o p l a s t 

strearfled i n t o i t ( P l a t e ]CX3[VIl) . Marked shrinkage of the protoplasm 

from one side of one of the c e l l s was also n o t i c e d . A side view 

revealed t h a t the protopla.sts o f both c e l l s were i n i n t i m a t e 

connection and the n u c l e i of each could be seen c l e a r l y ( P l a t e XXXVIII) 

.After two f u r t h e r hours ( P l a t e X£;tIX) i t was observed t h a t the 

p r o t o p l a s t of the c e l l from which the sphere d.id not appeal" t o 

o r i g i n a t e was moving i n t o the other, though there was not an 

obvious increase of protoplasm i n the sphere. At t h i s stage the 

c e l l s were c a r e f u l l y \ t r a n s f e r r e d i n t o f r e s h medium t o make f u r t h e r 

observations. Immediately a f t e r t h i s the sphere shrank ( P l a t e XL), 

iln hour l a t e r ( P l ate I L l ) the sphere was seen enlarging again and 

the m i g r a t i o n of the p r o t o p l a s t resumed u n t i l a f t e r a f u r t h e r three 

hours the c o n d i t i o n shown i n Plate X L I I was reached. The c e l l s 

were then l e f t overnight and the c o n d i t i o n shown i n Plate S L I I I 
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Legend t o Plates IJilWI - XLIv 

Plate IIWI 

Plate XXXTOI 

Plate I X X V I I I 

Plate XXXIX 

Plate XL 

Plate 3CLI 

Plate X L I I 

Plate .XLIII 

P l a t e JLIV 

tvvo c e l l s j o i n e d t o gether; e x t n i s i o n of 

p r o t o p l a s t of one c e l l i n t o a t h i n , 

transparent 5 and s p h e r i c a l bodvy x 5 6 0 . 

enlargement o f s p h e r i c a l hodjf x 5 6 0 . 

i n t i m a t e connection of both c e l l s ^ x 5 6 0 . 

m i g r a t i o n of p r o t o p l a s t o f one c e l l i n t o 

the other^ X 5 6 0 . 

shrinkage o f spherrl.cal hodj •sdien transferi'*ed 

i n t o f r e s h medium^ x 5 6 0 . 

enlargement of spherical body i n f r e s h medinmj x 560 , 

f u r t h e r enlargement of s p h e r i c a l body and 

p a r t i a l m i g r a t i o n of p r o t o p l a s t of one c e l l 

i n t o the o t h e r * j x 5 6 0 . 

almost complete m i g r a t i o n of p r o t o p l a s t ^ x 5 6 0 , 

speck o f p r o t o p l a s t remaining i n c e l l whose 

p r o t o p l a s t has completely rrdgrated i n t o the 

other c e l l ; and p a r t i a l extr-usion of "coalesced" 

protopla,sts i n t o spherj.cal bodj'j ^ 3 5 0 , 
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was observed. The sphere had grown very lai'ge (out of focus i n the 
photomicrograph) and the m i g r a t i o n of the p r o t o p l a s t of one o f the 
c-ells i n t o the other was completed. The "coalesced" p r o t o p l a s t 
had become darker i n colour and d-id not look very h e a l t h y . Five 
hours a f t e r the l a s t observation (Plate XLIV) a speck of protoplasm 
can be seen i n the empty c e l l and the "coalesced" p r o t o p l a s t had 
p a r t i a l l y moved i n t o the sphere. No f u r t h e r change occurred. 

The described anomalous behaviour i s verj^ r a r e . Only three 

idstsmces were observed i n alraost a year of c u l t u r e vrork. 

The s i g n i f i c a n c e of t h i s observation i s not c l e a r . Probably 

the speck of protoplasm i n the empty c e l l contained the nucleus. 

I f the nucleus i s l e f t behind, then v;hat i s the purpose of the 

movement and the apparent f u s i o n of the pro t o p l a s t s ? This cannot 

be r e a d i l y guessed a t . 
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7. DISCUSSION 
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DISCUSSIOH 

U n i c e l l u l a r marine phytoplankton, i n common w i t h other algae, 

are i n f l u e n c e d by three main f a c t o r s i n n a t u r e , fhese are l i g h t 

(intensity;- and d u r a t i o n of i l l u n i i n a t i o n ) , temperature and the 

chemical composition o f the environment. Some knowledge of the 

e f f e c t of these f a c t o r s on the growth and l i f e h i s t o r y of these 

orga,nisms i s e s s e n t i a l t o the understanding of t h e i r ecology end 

r e l a t i v e ahundanoe i n marine environments. f i e l d observations have 

i n d i c a t e d a v a r i e t y of p a t t e r n s i n tha cosnposition, d i s t r i b u t i o n 

and succession of plankton communities. The d e t a i l s o f t h i s 

succession may change annually i n the same habitat„ Thus an 

analj^sis of such changes also demands knowledge of the r e a c t i o n of 

each species or group o f species t o the environmental c o n d i t i o n s . 

I n t h i s regard the present studies have been mainly concerned w i t h 

the i n f l u e n c e of some aspects of the above mention.ed f a c t o r s on 

the growth and,reproduction of Coscinodiscus p a v i l l a r d i i . 

&EO'iTH STUDIES 

1. E f f e c t of cell_siz£ 

C e l l s i z e of most c e n t r i c diatoms v a r i e s i n two ways, 

F i r s t l y , i n v e g e t a t i v e growth the l e n g t h of the pervalvar axis 

inc3?eases t o almost twice i t s value- from one c e l l d i v i s i o n t o 

another. Secondly, the c e l l diameter us u a l l y decreases by a 

constai).t decrement at each vegetative d i v i s i o n . Thus the 
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surface/volurce r a t i o changes w i t h v e g e t a t i v e mul t iT j l i ca t ion , 

Fogg ( 1965^p. 19 ) has poi n t e d out t h a t the r e l a t i v e growth 

constant measured under standard c o n d i t i o n s does not vary t o a 

great extent f o r a given species. I t s value may depend on a 

v a r i e t y o f j i h y s i o l o g i c a l a,nd metabolic f a c t o r s but size i s g e n e r a l l y 

raost important, since i t detemines the s u r f ace/volume r a t i o and 

thus the r e l a t i v e r a t e of intake of n u t r i e n t s f o r grox"th. For a 

c y l i n d r i c a l c e l l l i k e G . p a v i l l a r d i i , the surface/volume r a t i o i s 

gi.ven 'oj ~ 

TTr 1 

or siK 

2 ( r 4 1 ) 
r l 

where r i s the radius of the va l v e , and 1 the l e n g t h of the per v a l v a r 

Thus a change i n s u r f ace/volume r a t i o i n ^''2^^2:S'£§^?- ^' 

r e d u c t i o n i n c e l l diameter f r o i i i 4OO p. t o 100 p v d l l be 0 . 0 2 4 7 t o 

0 . 0 5 4 7 . Consequently the surface/volume r a t i o v a i l increase v/ith 

r e d u c t i o n ixi c e l l size or the smaller the c e l l the g r e a t e r the 

amount of surface area per u n i t volume o f cytoplasm. This means a 

f a s t e r r a t e of absorption o f n u t r i e n t s per u n i t mass by smaller 

ce l l s than, by l a r g e r ones, 

I n the present study the r e l a t i v e growth constant was f a i r l y 

i n v a r i a b l e and independent of c e l l siae (Section 5 « 4 ) . The growth 
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x'ate ( d i v i s i o n r a t e ) was i n f l u e n c e d by c e l l s i z e . Therefore, 

i f i-ecently d i v i d e d c e l l s i n the course of t h e i r development have 

t o double t h e i r volume o f cytoplasm, before drLvision can occur, 

smaller c e l l s would do so f a s t e r than l a r g e r ones because of t h e i r 

r e l a t i v e surface area. This i n d i c a t e s t h a t the p r o p o r t i o n of 

cytoplasm t o vacuole i n the c e l l s remains unchanged. 

j/rgensen ( 1 9 6 4 ) i n h i s studies on the r e l a t i o n o f c e l l sise 

t c photosimthesis i n the centi'ic diatom G y c l o t e l l a raenj^hini^^a, 

found t h a t the c h l o r o p h y l l a content, as w e l l as the r a t e of 

photosynthesis per unit of c h l o r o p h y l l a i n the c e l l s of 

va r y i n g volume, are approximately constant and independent of c e l l 

volume. He suggested t h a t t h i s i s due t o a decrease i n the c e l l 

vacuole w i t h decreasing c e l l volume ?fhile the volume of cytoplasm 

i s n e a r l y unchanged. The assumption here i s that a given amount of 

c h l o r o p h y l l a i s a-lways u n i f o r i a l y dispersed i n a d e f i n i t e volume 

of cytoplasm. Therefcre i f the c h l o r o p h y l l a content i s independent 

of c e l l volume than the p r o p o r t i o n of cytoplasm t o vacuole changes 

w i t h c e l l size i.e_. i t i s i n v e r s e l y p"roportional t o i n c r e a s i n g 

c e l l s i z e . This hjjpothesis seems r a t h e r curious i n the l i g h t of T/ork 

by Faasche ( 1 9 6 0 ) on a number of phytoplankton ( p r i n c i p a l l y diatom) 

species. He demonstrated t h a t the c h l o r o p h j r l l conteu-t per u n i t of 

c e l l surface area i s more n e a r l y constant than c h l o r o p h y l l per volume 

of . c e l l or per c e l l . Furthermore J/rgensen's hjrpothesis does not 

e x p l a i n the d i f f e r e n c e I n d i v i s i o n ra,tes between smaller and. l a r g e r 

c e l l s . 
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I f J(/rgensen*s hjrpothesis i s tenable one can expect, as a 
i--esult of continued vegetative growth, smaller c e l l s l a c k i n g vacuoles 
Paasche has po i n t e d out t h a t the c o r r e l a t i o n between the r e l a t i v e 
growth constant and surface/volume r a t i o m.a.y not h o l d when la r g e 
c e l l s w i t h vacuoles are compared w i t h c e l l s l a c k i n g vacuoles. He 
f e l t t h a t i n t h e large vacuolated c e l l s the p a r t of t h e cytoplasm 
I n Yifhich photosjmthesis w i l l occur may have j u s t as much surface 
a v a i l a b l e f o r the absorption of n u t i d e n t s as would the same volume 
of cjrtoplasni i n smaller c e l l s l a c k i n g vacuoles, Consequently both 
kinds of c e l l s may have the. same d i v i s i o n rate. However, f i e l d as 
w e l l as l a b o r a t o r y studies on the d i v i s i o n r a t e s of diatoms 
i n d i c a t e t h a t i n general large diatom species tend t o have a lower 
d i v i s i o n r a t e than smaller ones. Evidence as t o whether t h i s i s 
the case Yd,thin a species i s as y e t wanting' o r u n a v a i l a b l e , though 
the author's r e s u l t s appear t o i n d i c a t e t h i s . 
2 . E f f e c t o f L i g h t 

Kain and Fogg (1958)? using f l u o r e s c e n t l i g h t s , found t h a t 

t h e s a t u r a t i n g l i g h t i n t e n s i t y f o r Asterione 1 l a _japoni£a. was about 

4,000 l u x . Thomas (1966) found t h a t i t was about 6,480 l u x f o r 

a , t r o p i c a l species of Ghaetoceros. I n t h i s i n v e s t i g a t i o n the value 

for Cosc.inodiBous p a v i l l a r d i i has been found to be about 6,000 lux 

(.Section 5 .5 ) . This value i s s l i g h t l y l e ss than t h a t f o r the 

Chaetoceros sp. How i s i t then t h a t the diatoms ai'e able t o sui'-vive 

i n the t r o p i c s whei'e the t o t a l i n c i d e n t s o l a r r a d i a t i o n i s u s u a l l y 

very high? 
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The d a i l y average of t o t a l i l l u m i n a . t i o n from s o l a r r a d i a t i o n 

during the dry season i s of the order of 67,000 Imz on the surface 

2 water of the estua.3.\y (Bainbridge, 1960 estima.ted i t as 0,4 g cal,/cm, /min.) 

P.TTther (1956) found great i n h i b i t i o n of photosynthesis i n marine 

diatoms a t such an i l l u m i n a t i o n from s o l a r r a d i a t i o n but l i t t l e at 

25,000 t o 33,000 l u z (0.15 - 0.20 g cal./cm.Vmii-i*). Following 

Strickland (1958) Bainbridge has suggested that about 50^ of the t o t a l 

incident solar radiation l i e s w i t h i n the photosynthes:is range of 

5,800 - 7s200 A. Such a high i l l u m i n a t i o n w i t h i n the photosynthetic 

range would g r e a t l y i n h i b i t the growth of diatoms at the surface. 

Bain.bridge found t h a t the transparency of the estuary water i s 

poor and as a r e s u l t the depth of the euphotic zone i s r a t h e r shallow-. 

He also found that the high detritus content coupled w i t h the tldel 

water movements comi>licated the picture when considering the depth 

of the euphotic zone i n r e l a t i o n t o the average depth of water. 

There 'sas no c l e a r cycle of t u i ' b i d i t j r between springs and neaps 3 as 

the e x t i n c t i o n c o e f f i c i e n t s v a r i e d from 0,1 t o 0.5 w i t h a mean of 

0,27. The avei-age depth of the estuary water i s about 15 t o 20 m. 

at low water. He c a l c u l a t e d t h a t the raa:cimura depth of the eupbotic 

gone at low water i s about 4 m. a t springs end about 9 m. at neaps. 

Thus the p l a n t m a t e r i a l i s suspended as a r e s u l t of the i n t e n s i v e 

v e r t i c a l mixing t a k i n g place during the t i d a l water movements. 
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S t r i c k l a n d (1965) has defx'ied the depth of the euphotic zone 

as the depth, at ¥»hich IjSi of the surface v i s i l - i l e l i g h t enei'gy 

x'emains, Thus the i n c i d e n t d a i l y r a d i a t i o n i s g x e a t l y attenuated 

w i t h i n the e-uphotic l a y e r and the amount of l i g h t a v a i l a b l e to 

the diatoms i n the estuary must be g r e a t l j - reduced, Be.inbridge 

also found, t h a t throughout the whole year concentrations o f 

holoplanktonic forms w i t h i n the estuary showecl no appreciable 

d i f f e r e n c e s betweeia the surface and 10 m. l e v e l s , e i t h e r a t spring 

or neap t i d e s . Therefore i t i s not s u r p r i s i n g t h a t the s a t u r a t i n g 

l i g h t i n t e n s i t y f o r G . p a v i l l a r f i i i i s about'6,000 lux, and that i t 

can s u f f e r l i t t l e or no i n h i b i t i o n of growth even a,t 18,000 l u x , 

3. E f f e c t o f Temperature 

The optimum temperature range f o r exponential growth appeared 

t o be 23 - 29 C f o r the c u l t u r a l c onditions employed (Section 5 . 5 ) . 

Teraperatures below or a.boYe t h i s range e i t h e r reduced the growth 

r a t e o r i n h i b i t e d i t s growth. A change ±n temperature of lO^C, 
0 

i.£. from 25 t o 15 C, r e s u l t e d i n e r r a t i c gro7<th. This e f f e c t 

nis-y be due t o the previous h i s t o r y o f the c e l l s a,s the stock 

c u l t u r e s were u s u a l l y kept i n a temperature range of 2L - 28°G. 

Some studies have been made on the combined e f f e c t of 

temperature and l i g h t on c e l l d i v i s i o n rates (Spencer, 1954; 

Fain and Pogg, 1958; Sorokin and Krajiss, 1959j J i t t s e t s i . , 

1964; J{/rgensen and Steemam.ifielsen, I 9 6 5 ). These studies have 

shown a v;ide temperature and l i g h t tolerance e s p e c i a l l y i f the 



- 143 - . 

c e l l s are allo¥'ed t o adapt • themselves on t r a n s f e r froDi one oultur-e 
c o n d i t i o n t o another. This was found t o be important when c e l l s 
are changed from a higher t o a lovfer temperature j or from a 
higher t o a lower l i g h t i n t e n s i t y . For the adverse e f f e c t s of l o i f 
tempera-ture are exaggera,ted a t loi? l i g h t i n t e n s i t i e s , and the 
damaging e f f e c t s of h i g h l i g h t i n t e n s i t i e s ' are made worse a t 
high temperatures. 

I n t h i s study no attempt has been made t o study the combined 

e f f e c t of temperature and l i g h t on the growth rat e of the diatom. 

Thus the diatoia's temperature and l i g h t t olerance range and i t s 

e n o l o g i c a l i m p l i c a t i o n s cannot be assessed. This w i l l forra a, 

basis f o r f t i r t h e r study. 

ISffect of S a l i - n i t y 

'fhe slo??er growth r a t e at the 32.9 /oo S was probabl,y a 

coiiseqiience of the l a r g e r diameter o f the c e l l s . Since sise has 

been shown, t o a f f e c t the growth r a t e (Section 5.4) i t can be 

assumed t h a t the r a t e nould not have changed hadthe c e l l size 

bean the sarae as those at the o t h e r s a l i n i t i e s . Thus the gromth 

r a t e can be considered as the same i n the s e J i n i t y raxxge 13.3°/oo 

to 32.9°/oo. 

Spencer (l954 ) has shown t h a t small i n o c u l a sometimes 

produced a s h o r t l a g when c e l l s are subcultured i n t o f r e s h medium 

during the exponential phase. He found t h a t such a l a g d i d not 

a f f e c t the growth r a t e duxing the exponential phase. Probably 
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the observed l a g a t the 10.1 /oo S can be explained as such f o r 
the sauTie s i z e o f inoculum vvas used a t the 13.3^/OG S. However i t 
i s f e l t t h a t the slower growth r a t e of the diatom a t the lO.lP/oo S 
i s a d i r e c t e f f e c t of the d i f f e r e n c e i n s a l i n i t j r . Therefore i t i s 
probable t h a t the growth r a t e slows down appreciably a t s a l i n i t i e s 
below 13.3Voo» 

During the d r y season (November t o A p r i l ) when the diatora 

can be found as p a r t o f the standing crop @f phytoplaakton the 

fflinimum and maximum monthly s a l i n i t y recorded were 12,2''/oo and 

34.4°/oo r e s p e c t i v e l y (Watts, 196O). W i t h i n t h i s range of 

s a l i n i t y the dia-tom has been found t o grow w e l l . T h is, t h e r e f o r e , 

must be an adaptation t© tiie s a l i n i t y changes i n the estuary. 

For t o survive i n estuarine c o n d i t i o n s an organism must adapt 

i t s e l f t o a wider range of f l u c t u a t i o n s i n snviroiUBental f a c t o r s 

than i n the sea or f r e s h water. I t i s , t h e r e f o r e , n ot s u r p r i s i n g 

that Coscinodiscus p a v i l l a r d l i can t o l e r a t e such a wide range of 

s a l i n i t y changes as borne out by the experimental r e s u l t s . 

5. E f f e c t of Vitamins 

About fOfi of the marine phytoplaakton organisms thus f a r 

examined have been found t o be auxotrophic and r e q u i r e eebalamin 

(B^g)* thiamine (B^) and b i o t i n , e i t h e r s i n g l y o r i n combination, 

Coscinodiscus p a v i l l a . r d i i appears t o r e q u i r e v i t a m i n B-j^^ only 

(Section 5.8). 
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The CM and CI - BIOTII media co n t a i n other vitamins than the 

three mentioned above "stliereas the PLilN + B^^ l a c k them. The 

f a s t e r growth r a t e i n the CM and CM — BIOTII media, as compared w i t h 

tha.t daterniined i n the PLAIN + B^^ medium, probably i n d i c a t e s t h a t 

the other vitamins (apart froai B^g, B̂  and b i o t i n ) are compleifteatary 

i n enhancing the growth of the diatom. The d i f f e r e n c e i n gro's-th 

r a t e of the diatom i n CM mtd. CM - BIO T I l media also probably 

i n d i c a t e s t h a t b i o t i n , although not r e q u i r e d hj the diatom, has a 

r e t a r d i n g e f f e c t on the growth r a t e . 

The moderate growth of the diatom i n the PLAIl , CM - B^^ - BIOTIN, 

PLAIN -f BIOTIN, and P L I I I -f THIAMIHE media, on the f i r s t t r a n s f e r , 

may be due t o the carry-over of vi t a i a i n s i n the inoculum or the 

e f f e c t o f the q u a n t i t y alread^r absorbed by the c e l l s . The f a i l u r e 

of the c e l l s t o d i v i d e from the t h i r d t r a n s f e r onwards and t h e i r 

consequent death i n d i c a t e t h a t the s p e c i f i c a c t i o n o f v i t a m i n 

i s on c e l l d i v i s i o n or t h a t v i t a m i n ^® i n v o l v e d a t some stage 

i n the processes of nuclear synthesis which a f f e c t c e l l d i v i s i o n . 

6. E f f e c t o f Spore for m a t i o n 

I f c e l l s of c u l t u r e s A (Table X) were grown outside the 

s a l i n i t y range f o r the i n d u c t i o n of spore f o r m a t i o n t h e i r growth 

rate would have been 21.6 hours ( c a l c u l a t e d from P i g . 4 c ) . 

Because of spore-formation the growth r a t e was slower (27.3 h o u r s ) . 
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l a cultiij:'es B and C the growth r a t e should have been the 
same at the d i f f e r e n t s a l i n i t i e s f o r the given diameter range of 
c e l l s , Ifhere the i n i t i a l percentage spore formation was the 
same the growth r a t e was s i m i l a r i r r e s p e c t i v e of the s a l i n i t y . 
Inhere the i n i t i a l percentage spore formation ?fas g r e a t e r the 
growth r a t e was slower. Therefore the amount of spoi'e f o i r a a t i o n 
deterained the extent t o which groYfth r a t e would be a f f e c t e d . 

Jit any tisae during exponential growth the "veg e t a t i v e " 

c e l l s would c o n s i s t of three kinds - presumptive male gamete 

and auxospore mother c e l l s as w e l l as the n o m a l v e g e t a t i v e c e l l s , . 

The presumptive spore mother c a l l s could not be e a s i l y determined 

as there are no apparent morphological d i f f e r e n c e s between them 

and the norraal v e g e t a t i v e c e l l s . Thus the percentage of "ve g e t a t i v e " 

c e l l s may have been over-estimated, and t h a t f o r spore for m a t i o n 

under-estimated. Mevertheless the percentage drop has been 

considered r e a l and s i g n i f i c a n t . I f the growth r a t e of the diatom 

hs,d not been a f f e c t e d by spore f o r m a t i o n the percentage "vegetative" 

c e l l s would have been higher than observed. Furthermore i t was 

noted t h a t spore fo r m a t i o n had i t s g reatest e f f e c t on the growth 

r a t e d u r i n g e a r l y exponential growth, f o r i t was then t h a t a high 

p r o p o r t i o n of the c e l l s nere induced t o spore f o r m a t i o n . I t was 

also considered probable t h a t i n d u c t i o n of male gamete and auxospore 

forraation took place simultaneously during the p e r i o d of exponential 

growth. 
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liElPRODTJGTIOI'sT STUDIES ilP0El_J0M|ATI0l2, 

'?/ith regard t o the problem of the f a c t o r s proniotiag spore 

f o r a i a t i o n i n diatom, one must f i r s t consider how f a r spore 

forsnation i s a noraial p a r t of t h e i r l i f e h i s t o r y . The c o n t i n u a l 

r e d u c t i o n of c e l l size i s a consequence of the method of vegetative 

d i v i s i c n . '^Shen a v e i y small siz;e i s achieved death ensues. This 

l i m i t i s x'eaohed at about 70 p i n the G . p a y i l l a r d i i clone. 

Regeneration of the maximum s i z e i s onlj achieved by auxospore 

f o r t i t a t i o n , so t h a t sioore f o r m a t i o n may be regarded as e s s e n t i a l 

f o r the continued existence of the d o n e . On the other hand, i n 

those diatoms vAich do not decrease i n s i z e , spore f o r m a t i o n does 

not appa.T.'entl3^ occur (von Denffer, 1949). Consequently spore 

f o r m a t i o n does not appear t o be an i n v a r i a b l e requireme.nt f o r 

every diatom. I t i s t h e o r e t i c a l l y possible t o envisage continued 

growth of a diatom species w i t h o u t spore f o r m a t i o n . S t a r t i n g 

frcm a c e l l of Kiaximum diameter, the epivalve w i l l always remain 

the same s i z e , and w i l l always form p a r t of the f r u s t u l e of one 

of the daughter c e l l s r e s u l t i n g from ve g e t a t i v e gro?.'th. I f such 

daug.hter c e l l s reraain immortal then a p o p u l a t i o n , which would die 

out because a majority- of the c e l l s had become too s n i a l l , can be 

maintained by sueh c e l l s . Under nati.iral c o n d i t i o n s t h i s i s 

extrenielj'- u n l i k e l y as i t i s reasonabljr pi-obable t h a t such daughter 

c e l l s w i l l be ingested by a grazing animal or s u f f e r some other 

c a l a m i t i e s . 
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Spore form a t i o n can then be considered t o be an e s s e n t i a l 
p a r t of the l i f e h i s t o r y of those diatoms undergoing continued 
decrease i n c e l l s i z e . Hence, i f such species growing i n c u l t u r e 
does not produce spores, i t caji be sa i d t h a t i t i s not growing 
n a t u r a l l y i.£. not under s a t i s f a c t o r y environmental c o n d i t i o n s . 
One may t h e r e f o r e ask what are the optimum conditions which b r i n g 
about the formation of spores? They seem to be a combination of 
an i n t e r n a l c o n d i t i o n governed by c e l l s i s e , and of e x t e D i a l 
environmental f a c t o r s . 
• l a t e r n a l Condition 

I t has been sltown by G-eitler (1932) t h a t s e x u a l i t y i n 

diatoms i s intimately connected w i t h a progressive decrease of 

average c e l l s i z e . I t only occurs i n c e l l s o f a d e f i n i t e size 

range which i s c h a r a c t e r i s t i c f o r each taxon, and. i s c o r r e l a t e d 

w i t h a s p e c i f i c i n t e r n a l p h y s i o l o g i c a l c o n d i t i o n . I n the 

Centrales t h i s c r i t i c a l size i s w i t h i n the range o f IG - 30fy of 

the maximum valve length or diameter, G-eitler (1932) and 

von Stoseh (1954) have also shomi t h a t i n the upper l i m i t of the 

c r i t i c a l s i z e range, more female c e l l s were produced than maJes; 

i n the lower i i n i i t more male c e l l s than female; and i n between 

about the same propo r t i o n s of male and female c e l l s . The present 

observations on G . p a v i l l a r d i l are i n agr^eement w i t h the findings 

of G e i t l e r and von Stosch. 
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The f o r m a t i o n of male gametes and auxospores i n Centric 
diatoms has been reported p r i a c i x s a l l y by von Stoseh (l95o) 
and flolnes (196?). Both von Stosoh and Holmes found t h a t they 
wex'e onlj produced i n smaller d-iameter c e l l s . However, the 
author's observations i n d i c a t e that male gamete and auxospore 
forniatiorn occurrQcl throughout the sexual i n d u c t i o n s i z e range. 
There was a tendency f o r the r e l a t i v e l y small diasaeter c e l l s t o 
becoioe gamete mother c e l l s , b u t t h i s was not r e s t r i c t e d t o them 
alone, , 

Not a l l c e l l s o f a culture were induced t o form spores. Some 

continued vegetative growth r s s u i t i n g p r o g r e s s i v e l y i n smaller and 

smaller diameter c e l l s - a cha.racterist:ic feature associated with 

vegetative r i i u l t i p l i c a t i o n . "(vhilst t h i s r e d u c t i o n i n c e l l s i z e 

was i n progress small diameter c e l l s became l a r g e diameter c e l l s 

w i t h respect t o t h e i r products. Then the occurrence of sporre 

formation the j-t-;l8.tivKjy smaller diameter c e l l s changed 

p r o g r e s s i v e l y . I n e f f e c t both l a r g e and small c e l l s produeed 

spores as was observed i n the experiments using c e l l s of 'the same 

average diameter. However, the r e l a t i v e l y smaller c e l l s d i d so 

more r e a d i l y than the l a r g e r ones .in the same c u l t u r e . Therefore 

i t i s f e l t t h a t there i s not a d e f i n i t e r e s t r i c t i o n of spore 

fo r m a t i o n t o smaller diameter c e l l s o n l y . Moreover, i t would 

appear t h f t von Stowch and Holmes arrived a t t h e i r conclusion 

from an imselected group of c e l l s of widely varying s i z e s and 
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not from observations on a un i f o r m sisse of c e l l s w i t h i n the sexual 
i n d u c t i o n sise range, 

; The r e l a t i v e growth constant, as measured by the volume o f 

c e l l r a a t e r i a l produced, d i d not change over the range of c e l l 

s i z e . Consequently the i n d u c t i o n of sexuality cannot be r e l a t e d 

t o a change i n the r e l a t i v e groTi'th constant. This i s also apparent 

i n the experiments, as spore formation only occurred during the 

exponential phase when growth i s u n r e s t r i c t e d . The i n v a r i a b i l i t y 

of the r e l a t i v e growth constant of c e l l s of d i f f e r e n t diameters 

i s i n t e r e s t i n g , as the surface/volume r a t i o increased w i t h c e l l 

s i z e . The rate of absorption of n u t r i e n t s depends, amongst other 

f a c t o r s , xipon the surface area of the c e l l . Therefore the 

absorption of nutjrdents i s not l i m i t i n g the growth of the diatom 

under the experimental c o n d i t i o n s . This w i l l be the case unless 

absorption i s l i m i t e d t o c e r t a i n areas of the c e l l surface which 

remain constant despite changes i n c e l l size or unless the 

p r o p o r t i o n of cytoplasm t o vacuole cb.angas as the c e l l s decrease 

in. s i s e . 

2. Sbcternal Factors 

(a) S a l i n i t y 

I t i s c l e a r t h a t s a l i n i t y plays an important r o l e . Although 

c e l l s remainirig i n medium of 32-.9^/oo S and .cells growing i n 

26,7^/00 S and t r a n s f e r r e d t o 32.9°/oo S produced male gamete.s i n 

small q u a n t i t y , c e l l s grown i n 19.9^00 ^ l6.5°/oo S do not 



- 151 -

complete the process of male gamete fo r m a t i o n (Table .Xl), The 
absolute value for-.the change i n s a l i n i t y does not appear t o be as 
important as the l e v e l t o which the c e l l s are t.ransferred. Thus 
fm increase i n 15.5°/o© S (from l 6 . 5 t o 29.8) gives norraal 
development of male gametes, b u t an increase of 13.0 t o 16,4°/®° S 
(from l 6 . 5 ox̂  19.9 t o 32,9) gives male gametes which are not 
released. The f o m e r t r a n s f e r also gives auxosporas which the 
l a t t e r t r a n s f e r does n o t , 'Moreover, .la c o n t r a s t t o the f i n d i n g s 
of Schreiber ( l 9 3 l ) w i t h Melosira nuEsmuloides ̂  there does not 
appear t o be much ai.fferenoe i n the r a t e of production o f 
auxospores i n t r a n s f e r s from low t o high s a l i n i t y or v i c e versa. 
The r e s u l t s with Goseinodiscus £a.villardii suggest t h a t there i s 
an optimum s a l i n i t y range for spore formation t o take place. 
This eould p o s s i b l y be an adaptation t o the estuarine h a b i t a t 
of t h i s clone. 'For very large foi^ms of the diatora, ravaging from. 
360 t o 460 ̂ i , are usuall;/' found i n the estuary towtirds the end 
of Fovem.ber5 when the a.verage s a l i n i t y i s 21,5'^/oo, u n t i l 
January when the avei-age s a l i n i t j r i s 28,1°/OG ( f f e t t s , I96O), 
Nevertheless there i s a c l e a r i n t e r a c t i o n between the s a l i n i t y 
d i f f e r e n c e and the l e v e l s of t r a n s f e r . This most probably 
operates through an e f f e c t on the i n t e r n a l i o n i c concentrations. 
Moreover, i t i s possible t h a t there i s a s i g n i f i c a n t d i f f e r e n c e 
between the ionic concentrations at which male gametes and 
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aujrospores are f o m e d , and at which they are l i b e r a t e d from the 
parent c e l l . For whe,n c e l l s undergoing spore formation were 
t r a n s f e r r e d t o an unfavourable s a l i n i t y gametogenesis was not 
i n h i b i t e d . 

i'^) Temperature 

Temxjei'ature appear.s to have a,n ijnportant e f f e c t . Presumably 

the e f f e c t i s concerned w i t h the rate of enzymatic processes i n 

the diatom c e l l (j/rgensen and Steemann-Melsen, 1965). Experiments 

Tfith the diatom a t a s i n g l e l i g h t i n t e n s i t j r range have shown an 

optimum temperature I'ange f o r the promotion o f spore f o m s t i o n . 

Bniciimayei'-Bei'kenbusch (1955) has suggested t h a t one o f the f a c t o r s 

responsible f o r spore formation i s a p r e f e r e n t i a l synthesis of p r o t e i n , 

I t i s l i k e l y t h e r e f o r e t h a t the way i n which tero,perature acts i s 

by r e g u l a t i n g the p r o t e i i i s^/nthesis necessary f o r spore f o r m a t i o n . 

I t i s ecnsidered t h a t temperature sjid l i g h t i n t e r a c t i n the 

product3.on of spore formation as shoim by Holmes (1966), No 

attempt was made i n t h i s study t o i n v e s t i g a t e t h e i r coiEbined 

e f f e c t s on spore forffl.a,tion. 

3. L i g h t 

L i g h t has been considered t o pl a y a s i g n i f i c a n t r o l e i n sex 

determination (von Stosch, 1954). Flowever f u r t h e i * studj;^ o f i t s 

e f f e c t would appear t o be d e s i r a b l e . I n the present stud;?- a higher 

l i g h t i n t e n s i t y has been shown t o i n h i b i t spore formation i n 

competent c e l l s a t the optimum, s a l i n i t y . I t lower l i g h t i n t e n s i t i e s , 
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under the same experimental conditions, spore formation i s 
promoted. This f i n d i n g lends support t o the h3rpothesis t h a t l i g h t 
i n t e n s i t y determines the nature of sexualitj'- i n the diatom c e l l s , 
A normal vegetative c e l l w i t h i n the sexual i n d u c t i o n range i s 
considered t o have both i j o t e n t i a l s f o r maleness or feaaleness. 
The expression o f e i t h e r p o t e n t i a l i s dependent on the s t a t e 
of metabolism o f the c e l l s as w e l l as on l i g h t i n t e n s i t y . Under 
high l i g h t Intensity the m,etabolism of the c e l l i s sueli t h a t no 
expression of s e x u a l i t y i s favoured. This may be due t o the 
production of organic mateidal at a f a s t e r r a t e , and perhaps 
i n g r e a t e r q u a n t i t y than i s r e q u i r e d f o r growth. Under low l i g h t 
i n t e n s i t j ! ' t h i s does not occur and hence spoi'e formation i s promoted. 
Moreover, Sorokin and Erauss (1962) obsercved th'dt i n ncn-sjmchronous 
cultu.res, c e l l s approaching and beginning c e l l d i v i s i o n may have 
a ],.ow r a t e of metabolic a c t i v i t y 0n.d growth. Consequently the 
metabolism of some c e l l s would be such t h a t l i g h t can i n f l u e n c e the 
i n i t i a t i o n or non-initiation of gametogenesis, Under low l i g h t 
i n t e n s i t y soce c e l l s w i l l be able to express t h e i r inherent potential 
f o i ' s e x u a l i t y , r e s u l t i n g i n the production of p o t e n t i a l male and 
female c e l l s . The fore g o i n g are t e n t a t i v e suggestions a,nd v e r i f i c a . -
tion would require the use of synchronous cultures. I t was 
however observed that i n the experiments with a l t e r n a t i n g low 
l i g h t i n t e n s i t y , when c e l l s had been induced t o form gametes the 
process went on t o completion whether or n o t they remained i n the 
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l i g h t . Cells i n the i n d u c t i o n sise range whan kept i n the da.rVj 
produced no gametes, bu,t became bleached and died a f t e r a few days. 
I t w i l l be r e c a l l e d t h a t spoi'e formatio,ri occurred e a r l i e r under 
co.ntinuous l i g h t than i n the a l t e r n a t i n g l i g h t / d a r k c y c l e , and 
also the growth r a t e was f a s t e r under continuous l i g h t than i n 
the a l t e r n a t i n g l i g h t / d a r k c i r c l e . I t i s probable t h a t under 
continuous l i g h t the c e l l s were producing crganic matter a t a 
fa s t e i " r a t e than was necessary f o r the optimum production of spores, 
'iv'arburg (1958) has po i n t e d out t h a t continuous l i g h t i s un n a t u r a l 
w i t h respect t o the e v o l u t i o n a r y h i s t o r y of a l l c e l l s , Por 
" c e l l s are f o r c e d t o produce organic raaterial continuously'-^ and 
more m a t e r i a l than they need f o r t h e i r awa s y n t r i s s i s , Co.nseque.ntly 
the energy y i e l d of the c e l l s i s reduced to a small f r a c t i o n of 
•the optimum y i e l d . " Thus the l i g h t / d a r k treatment favoured an-
increase i n the energy y i e l d of the c e l l s which i n t u r n enhanced 
the attainment of the necessary p h y s i o l o g i c a l s t a t e f o r sex'ual 
induction i n many of the c e l l s . This may also account f o r the 
ob.served iacre.a.se i n male gamete and axixospore f o r m a t i o n under 
the alteraati:ng ligh1^''dar;c treatment, 

A number of workers have reported a r e d u c t i o n of a l g a l growth 

rates with shortened daylength ( T a i l i n g , 1955| Tamiya, 1957; Hu l i n g , 

1960; Jones et a l . , 1963, Castenholz, I964). T a i l i n g suggested 

ths.t the growth r a t e may be p r o p o r t i o n a l t o the d u r a t i o n of the 

e f f e c t i v e l i g h t p e r i o d . Castenholz has pointed out t h a t i f such 
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a p r o p o r t i o n a l i t y e x i s t s the.n i t may not h o l d through a great range 

of possible daylengths i n many species., 1?hether such a p r o p o r t i o n a l i t y 

e x i s t s for* Goscinodiscus p a v i l l a r d i i has no t been determined as onlj'' 

two l i g h t periods were i n v e s t i g a t e d . 'But i t did seem s i g n i f i c a n t 

t h a t there was p r o p o i ' t i o n a l i t y between the number of c e l l s a t hh.e 

tvTO l i g h t periods during the exponential phase of growth. This 

p r o p o r t i o n a l i t y was also evident in. bhe percentage spore formation 

at the two l i g h t treatments, 

M i i l s t a 12 hour low l i g h t / l 2 hour dark cycle d i d not a f f e c t 

the time of i n d u c t i o n of male gametes and auxospores, i t d i d increase 

the nnmber p,roduced comxDared Td.th t h a t i n continuous low l i g h t . 

This i s i n conformity w i t h the r e s u l t s of Holmes (1966). i l l though 

the 12 hour l i g h t / l 2 hour dark regime also reduced the grovrtii r a t e , 

y e t t h i s i s a r e s u l t of the p r o p o r t i o n of c e l l s i n v o l v e d i n spore 

fo r r a a t i o n . I f i t -were possible t o determine the t r u l y veg6tat.ive 

c a l l s and f o l l o w t h e i r m u l t i p l i c a t i o n the.n perhaps t h e i r growth 

rate would be found to be the same as f o r those in s a l i n i t i e s 

outside the range f o r the promotion of .spore fo.rmation. 

The observatians of Holmes (1966) and those of the author are 
con s i s t e n t w i t h the working hjrpothesis t h a t spore f o m a t i o n i n 

diatonis i s e re.sult of a short-d&y q u a n t i t a t i v e p,hotope.r.lodlc 

respoii.se. I t I s also suggested that t h i s response i s complicated 

by.an ionic e f f e c t dependent on temperature. This' suggestion w i l l 

be used as a basis f o r further experimentation. 
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I n i t i a t i o n of gametopenesis and l i b e r a t i o n of spores 

The i n i t i a t i o n of male gamete fo r m a t i o n always preoedes 

auxospore formation. I t i s very d i f f i c u l t to observe the e a r l y 

stages of auxospore forraation ( i . e . raeiotic d i v i s i o n ) i n the 

l i v i n g c e l l . Both male gamete and auxospore formation may be 

i n i t i a t e d simultaneously, but aiixospore f o r m a t i o n only becomes 

obvious a f t e r meiosis has occ"'.rred a*id probably af t e r penetration 

of the egg c e l l by a male gajiiete. I f both s.re i n i t i a t e d s i m u l t a ­

neously, synchronjr niay be achieved by the m i t o t i c d i v i s i o n s of the 

male gamete mother c e l l being i n i t i a t e d by the f a e t o r v./fiich 

i n i t i s - t e s meiosis i n the auxospore mother c e l l . Although not 

impossible, i t seems more l i k e l y that a e i o s i s .In both i s induced 

by the same f a c t o r . If l i g h t i s considered as the f a c t o r which 

determines the sexi.i8,lity of the c e l l 3 , then ifc must i n f l u e n c e 

vegetative c e l l s i n some s-i g n i f i c a n t •wa.y .such t h a t some become 

male, some female and the r e s t remain v e g e t a t i v e . I t i s suggested 

t h e r e f o r e tha,t i n male c e l l s l i g h t stiraula-tes the build-up of so.me 

metabolite whicli c.au.ses tliem t o d i v i d e t o form spermatogonia. 

During "bhe p r o d u c t i o n of the speriTiatogonia i t i s also suggested 

-bhat a hon-none i s produced if h i c h causes them to undergo meiosis. 

This hoi'mone d i f f u s e s out and causes the female c e l l s , whose 

metabolism d i f f e r s i n some s i g n i f i c a n t way, to undergo meiosis 

d i r e c t l y . The delay which has been observed between the formation 

of male gametes and the f o m a t i o n of auxospores can be l a r g e l y 
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explained by the time Is-g r e q u i r e d t o b u i l d up an e f f e c t i v e concen­
t r a t i o n o f the hormone i n the reg i o n of auxospore mother c e l l s , I t 
w i l l be r e c a l l e d t h a t meiosis i n the male gamete mother c e l l s 
occurs i n some f o u r hours, whereas auxostjore formation i s delayed 
f o r a f u r t h e r one t o two da,ys. 

The exper.iments on the t r a n s f e r of c e l l s from one s a l i n i t y 

t o another provide some evidence f o r the above proposal, lihen c e l l s 

were t r a n s f e r r e d fr-om 19.9°/oo S or 26.7°/oo S t o 52.9°/oo male 

gamete for m a t i o n took place w i t h o u t the f o r m a t i o n of auxospores. 

I t m.a.j be objected t h a t .raeiosis m.ight have taken place i n the 

auxospore mother c e l l s but i t seemed s i g n i f i c a n t thg,t i n the former 

transference, male gsimete foxTiiation stopped before the stage of 

meiosis, Moreover, i n both transfers l e s s than 1% of the c e l l s 

were seen t o be undergoing male gamete fo mat ion. Probably i n 

the 26.7°/oo S, where male gametes were released, the concentration 

of the hormone produced i n the r e l a t i v e l y few male gamete mother 

c a l l s was i n s u f f i c i e n t to s t i m u l a t e meiosis i n i;he feraale c e l l s . 

iunong oogasious algae suggestions of cheraotaxls between 

u n f e r t i l i z e d egg c e l l s and male gametes are q u i t e numerous (Cook 

and l l v i d g e , 1951; Hoffman, 196o). I n t h i s observation of 

at.ixospore formation i n C . p a v i l l a r d i i . the male gametes, a f t e r t h e i r 

l i b e r a t i o n , were seen t o move toifards c e r t a i n c e l l s w h i l s t bypassing 

others. I f the c e l l s they approach are the egg c e l l s then there 

raay be some chemotactic substance secreted by the egg c e l l s ?/hieh 
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a i d t h e m&Le gametes i n l o c a t i r i g t hem, 

f u r t h e r i n v e s t i g a t i o n . 

What f a c t o r ( s ) i n i t i a t e s the enlargement of the protoplasm 

o f an egg c e l l anci the l i b c j r a t i o n o f the male gametes frora t h e i r 

mother c e l l ? Both TOn Stosch (1954) and Holmes (1967) have 

suggested t h a t an increased i n t e r n a l pressure apparently causes 

coEiplete separation of the v a l T e s of a spore mother c e l l . I t i s , 

f e l t that t h i s increased pressure can he considered i n t e rms of 

an asraotic e f f e c t caused hy an increase i n the solute ccni;ei)t 

of gametes and the r e s u l t a n t stress on the g i r d l e bands ( p o i n t s 

o f weakness) of the diatom f r n s t u l e . 

However, Holmes (1967) has described s l i g h t separation (as 

opposed t o coiTiplete sep^arati - j i i ) of the tx^o g i r d l e bands o f 

g,c.oncianus v/hich he f e l t was the r e s u l t of the male gamete 

f l a g e l l a ' a c t i v i t y and peneti - a t l o n. He suggested t h a t t h i s :i.s 

cruite .another method of release of gametes» This method was also 

observed i n the release o f sale gametes of C , p a v i l l a r d i i . I n t h i s 

case although two kinds of male gametes were.observed no one kind 

mras p a r t i c u l a r ! ; / a c t i v e a t the g i r d l e r e g i o n , Thei 'e was c l u s t e r i n g 

a/fc- the g i r d l e region but i t seemed to be a r e s u l t of t h e i r being 

trapped by others immediately surrounding them. The significance 

o f the "sheath" towards the base of the f l a g e l l u m o f one of t h e 

Iciiids of sale gametes can only be guessed a t . Probably i t i s a 

strengthening device against f l a g e l l a r damage from a c t i v i t j r a t the 
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g i r d l e r e g i o n . For t h i s f l a g e l l u m i s used i n a spear-lii-e a c t i o n 
w i t h only the t i p region performing a sinuous motion. 

I t i s not c l e a r what f a c t o r s are responsible f o r the time 

j.ag between the l i b e r a . t i o n of the male gametes and germination 

of the auxospores. Holmes (1966) has ohserved a time l.ag of up 

to 76 hours in Cosclnodisous concinnus, I n the case of 

G»pavillardii t h e time l a g was about L8 hours, Possihlj'- t h i s l8,g 

may he due t o the time spent by the male gametes i n p e n e t r a t i n g 

the egg c e l l , coming i n t o contact w i t h i t and fusion of t h e i r 

n u c l e i . 

Yon Stosch (1954) r e p o r t e d j i n the case of BijcixTul^ 

n t o b i l i e n s i s , t h a t the valves of the egg mother c e l l opened a f t e r 

the second. l E e i o t i c d i v i s i o n of the egg nucleus 3 thus ma.king i t 

a v a i l a b l e f o r f e r t i l i z a t i o n hj the male gametes. He observed 

the union of the egg and male gamete i n v i v o i n two instances 

and l a t e r confirmed i t c y t o l o g i c a l l y . A f t e r f e r t i l i z a t i o n some 

nine hours elapsed before germination of the axixospore began. 

I n genei-sJ, f e r t i l i z - j i t i o n i s o n l j possible when the egg i s ma^ture. 

I f i t i s conceded that chemotaxis i s involved i n the location of 

egg c e l l s by the male gametes, then the production of the 

chemotactic substance i s most l i k e l y to take place during maturation 

of the egg. I t i s po s s i b l e t h a t the production of the chemotactic 

substance tri.ggex''s o f f the enlargement of the egg protoplasm. I t 

i s f e l t that the production of the chemotactic substance and the 
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b u i l d - u p of osmotic pressure w i t h i n the fru s t u l e ( i t took some 4 
hours to build up and effect the separation of the valves of the 

male gamete mother c e l l ) must also c o n t r i b u t e t o the time l a g 

between the l i b e r a t i o n of the male gametes and the appearance of 

germinating auxospores. 

• Ggnei 'al_ ^on^Aera^ons 

'Lewin and G u i l l a r d (1963) expressed the view t h a t "some 

conditions px'omoting the earlj?' onset of gamete production maj/ do 

so merely h-j promoting more r a p i d , c e l l d i v i s i o n ^ w h i l e others may 

have a more d i r e c t e f f e c t by inducing gametogenesis i n r e l a t i v e l j ? 

larrger cells.'* This may account f o r the observed vegetative 

m u l t i p l i e a t i o G i n some, and spore.-formation i n o t h e r s j of the 

r e l a t i v e l y l a r g e r diameter c e l l s of a c u l t u r e . I n the induction 

experiments some c e l l s underwent c e l l d i v i s i o n whilst others 

commenced gametogenesis, "Moreover t h i s occuri/ed during the . 

exponential- phase of growth when, although the growth rate was 

constants the r e j l a t i v e l y lax^ger c e l l s were g i v i n g r i s e t o c e l l s 

of t h e i r own s i z e as well as to c e l l s s l i g h t l y smaller than 

themselves. However not a l l the c e l l s i n the exponential phase 

of groYfth would be i n the same s t a t e o f niet8.b.Glism a t the same 

p o i n t i n time i n a non-synchronous cultui'e. Thus under the 

c o n d i t i o n s of c u l t u r e , depending on the s t a t e of metabolism of 

the c e l l s , e x t e r n a l f a c t o r s m-ay have a thr e s h o l d e f f e c t on some 

c e l l s and not on others. I s a r e s u l t some would m u l t i p l y 
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vegetatively whilst the others would be induced t o spore f o r m a t i o n . 
Such an e f f e c t would increase the number of r e l a t i v e l y smaller 

c e l l s which ai^e r e a d i l y induced t o forra spores. Presumably t h i s 

accounts f o r the laz-ge p r o p o r t i o n of r e l a t i v e l y smaller cell.s of a 

c u l t u r e observed undergoing spore f o n r i a t i o n . 

Since spore f o n a a t i o n occurs during the exponential phase of 

groTfth then there vjould seem, to be no an,togonism between the 

conditions favouring spore formation and those f a v o u r i n g vegetative 

gro?/th. This accords w i t h th.e vievi of Erelger (1927) and G e i t l e r 

(1950). Thus the f a c t o r s f a v o u r i n g vegeta.tive growth and spore 

f o r m a t i o n appear t o be the same, but the extent t o which either 

a c t i v i t y may occur i n a c e l l i s dependent on i t s s t a t e of .nietabolism. 

I f spore f o r m a t i o n can be induced more r e a d i l y i n r e l a t i v e l y smaller 

c e l l s thev^ t h i s qualitj?- raust be considered t o be associated w i t h 

some f a c t o r which, as red,uction i n c e l l s i z e occurs, a l t e r s t h e i r 

raetabolis iTi t o t h a t required- f o r spore f o m a t i o n . I t i s suggested 

t h a t such a factor must be an expression of the genetic.apparatus 

o f the c e l l . 

3rb and Owen (1958, p. 296) maintained, that although some 

p l a n t s , as w e l l as animals, regularly r e l y on environmental 

infl u e n c e s t o d i r e c t the course of sex d i f f e r e n t i a t i o n , t h i s 

cannot imply an absence of a. genetic basis f o r s e x u a l i t y . Sa-ther 

i t i l l u s t r a t e s t h a t sex, l i k e a l l other c h a r a c t e r i s t i c s of 

developing organisms, i s subject t o t h r e s h o l d e f f e c t s ^ Moreover, 
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von Stosch (1965) has pointed out t h a t despite the im-portaiice 
of r e l a t i v e c e l l size as a,n i n t e r n a l f a c t o r i n dia-toms, t h e i r 
p h y s i o l o g i c a l q u a l i t i e s are also d.ependent on the genotype and oti 
envii'onmental con d i t i o n s as i n other organisms. However, c y t o l o g i c a l 
i n v e s t i g a t i o n s on diatoms hg,ve only been concerned, vrlth. e l u c i d a t i n g 
th,e method of m i t o t i c and meiotic nuclear d i v i s i o n s . Such i n v e s t i ­
g ations have revealed that the chromosomes of diatoms are very small 
and i t i s not knovm whether sex chromosoffi,es occur as i n other 
orga.nlsffis, 'i*ftien such evidence i s a v a i l a b l e i t may be possible t o 
exp l a i n the r e l a t i o n s h i p s among the i n t e r n a l p h y s i o l o g i c a l c o n d i t i o n s , 
c r i t i c e J . c e l l s i z e , the i n f l u e n c e of e x t e r n a l f a c t o r s and s e x \ i a l i t y 
i j i diatoms. 
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8. SMMAST 



I 6 i f 

SUMMlin" 

1 . U n i a l g a l but non-axenic cultures were used i n l a b o r a t o r y 

studies on the marine diatom. Coscinodiscus p a y i l l a r d i i , 

F o r t i i s o l a t e d from, samples taken from the S i e r r a Leone 

E i v e r esiaiary, 

2. The morphological c h a r a c t e r i s t i c s of the clone and the 

ta-xonomic problems involved i n i t s i d e n t i f i c a t i o n are 

discussed. 

5. G-rowth r a t e was unchanged over the s a l i n i t y range of 13 - 53°/oo 

and the diatom survived at a s a l i n i t y of 10°/oo but not at 

The smaller c e l l s (73 - 1^4 jj) grew f a s t e r thau the 

larger c e l l s (327 - 345 p) but the r e l a t i v e growth constant 

remained unchajiged f o r both categories of c e l l s . The 

saturating l i g h t i n t e n s i t y was found t o be about 6,000 ?mx 

and. no i n l i i b i t i o n was evident a t n e a r l y 15,000 lux. 

4. C e l l s • of 20 - 60JI of the mean maximum c e l l diameter 

{k'ik- ± 44 fi) could be induced t o become sexual using an 

i l l u m i n a t i n n o f 5^500 ~ 8,000 l u x i n continuous l i g h t or 

i n an a l t e r n a t i n g twelve hour l i g h t / d a r k treatment; a t 

terapei-atures o f 23° - 28°C; aaad a t s a l i n i t i e s o f 19 - 33°/oo, 

A l i g h t i n t e n s i t y o.f 11,000 ~ 12,000 l u x i n h i b i t e d spora 

formation.. The a l t e r n a t i n g l i g h t / d a r k treatment was more 
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favourable t o spore f o r a i a t i o n than continuous l i g h t , 

Gobalamin appea.red to favour spore formation i n as 

much as vegetative grofrth was'maintained, Biotin influenced 

the q u a n t i t y of spore f o r m a t i o n . Thiamine and b i o t i n 

media i n h i b i t e d spore fox-raation i n as much as they i n h i b i t e d 

v e g e t a t i v e growth. 

5. Spore f o r m a t i o n depressed the growth r a t e , the degree of 

depression being depend.ent on the i n i t i a l number of c e l l s 

i n v o l v e d i n the a c t i v i t j ? - . I n d u c t i o n of spo:re formation 

occurred, during the ea^rly p a r t of the exponential phase o f 

g r o T f t h . 

6. L i g h t , tempera,ture and s a l i n i t y are shown t o i n f l u e n c e the 

i n i t i a t i o n of gametogenesis. L i g h t plays the most 

importEuit r o l e i n the determination of the s e x u a l i t j r of the 

c e l l s . Moreover, i t i s considered that spore formation i n 

the diatom, i s a r e s u l t of a short-day q u a n t i t a t i v e photo-

period-ic response com;p3-icated. by an a d d i t i o n a l i o n i c e f f e c t . 

7. Temperatures above 28°C and. below 23°C, as ?rell as s a l i n i t i e s 

of 16,5^00 and below, i n h i b i t e d spore f o r m a t i o n . 

8. Male gamete and zygote formation i n the l i v i n g m a t e r i a l are 

described and i l l u s t r a t e d by photomicrographs. 
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9. The occurrence of two c e l l s in-fusion i s also described 
and i l l u s t r s , t e d by photoraicrographs. This was observed 
i n c u l t u r e s of the diatom c o n t a i n i n g c e l l s w i t h i n the 
sexual i n d u c t i o n size range. 
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9. APmmii 
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The f o l l o w i n g diatoms were i s o l a t e d and est a b l i s h e d i n 

u n i a l g a l o u l t u r e s : -

( i ) Ife^lidisCus cuneifQgmis W a l l i c h 

( i i ) ®uoac|Bda zodlacus Shren.berg 

( i i i ) Streptotheca thaaiesis Shrubsole 

(̂ ••̂ ) Skeletonema „costa,tua . ( & r e v i l l e ) Gleve 
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Mgr., 26: 33~48. 

PiBSOUS, T.E. , STEPHEN'S, K . , & STBICKLMD, J . D , ( 1 9 6 1 ) On the chemical 

composition of eleven species of marina ph^i'toplankters. 

£• I M l - S®!' M - Canada^ l§.' IOOI-IOI6. 

PATRICK, R. (1954) Sexual reproduction i n diatoms. I n : TOEICH, D . H . 

• "Sex i n microorganisms*' iuaer. Ass. Idvaacem. S c i . , 

Washington. 

FlflLLAHD, J . (1914) Observations sur les diatomees. I l l B u l l . Soc. 

bot . F r . , 6 1 : 164-172. 

(1925) B a c i l l a r i a l e s , Rep. Danish Oceanogr. Ixped. 

1 9 0 8 - 1 9 1 0 to the Mediterranean and adjacent Seas, 

2, B i o l o ^ , J . 4 . 



- 178 -

PEliT, S. (1934) St i i iLi lat ion plasaolysis on marine algae. 

Acta adriat .-j 1 ( 4 ) » 20 pp. 

PRI I&S:HBI1 , E . & „ (1946) "Pure Cultures of Algae." Cambridge Univ. 

Press, London and Sew York. 

PaO¥lSOLI, L . , IcLAU&HLII, J . J . I . , & DROOP, M.R. (1957) The 

development of a r t i f i c i a l media f o r marine algae. 

Arch. M i ^ ^ o i o l , . , 2^ : 392-428. 

SABSIfflOHST, L . ( l 8 5 3 ) "Die Sussifassar Diatomaceen." Le ipz ig . 

HiaSFJSLL, S. (1959) BimorphisiE and the Simultaneous occurrence of 

auxospores and microspores i n the diatom Rfaizogolenla 

hebetata f . semispina (Hensen) &ran, 

I j y t t Ma£asin for ^ t a ^ l ^ , 7: 169-173. 

HXTHER, J.H. (1956) Photosyathesis i n the ocean as a func t ion of 

l i g h t i n t e n s i t y , L i m i o 1 . & Ooeanogr., 1 : 61-70. 

SCimiDT, A. (1874-I94ih) "Atlas der Diatosaceen-lunde," 

Le ipz ig , PI I -46O. 

SCMIDT, P. (1931) Die Heduktionsteilung be i der Mikrosporenbildung 

voa Gosoinodiscus aji iculati is ( i h r enb . ) . I n t . Rev. 

Hydroblo l . , 25: 6 8 - 1 0 1 . 

SGHHEIBERj S, ( l 9 3 l ) Tiber Heinlculturversuche und experimentelle 

Auxosporenbildung be i M£lo_g3.ra, Hummaloides. 

Arch. Protiste^nk., 75s 331-345. 

S33LK, H. (1913) Cosoinodiseus - Mikrosporen i n der l l b e . 

Bar, dtseh. bo t , G-es., ^Oj 4i,-. 



- 179 -

30R0KIIM, C , & IRAUSS, B.W, (1962) Effects, of temperature and 

i l l u m i n a t i o n on Chlorel la growth uncoupled from c e l l 

d i T l s i o n , Plant . Phys io l . , 37? 37-46. 

SPM^CEE, C P . (1952) On the use of an t i b io t i c s f o r i s o l a t i n g 

bacteria f r ee cultures of marine phytoplankton organisms. 

J . mar, b i o l . Ass. U j K . , JL: 97-106. 

(1954) Studies on the cul ture of a marine diatom. J . mar. 

iM." Ml' HsI'i 35s 265-290. 

SHB, A.M. & mm, H.B. (1958) "G-eneral G-eneties" W.H. freeman and 

Company, San Prajicisoo, C a l i f o r n i a , 

SlTtiCKLUfD, J.D.H. (1965) Phytoplsjakton and Marine Primary Production. 

iiSl' I I I ' M j ^ r o M g l . _12J 127-162. 

STHICKLIIXTD, J .D.H. , & PAHSOMS, T.H. (1960) A mannual of sea water 

analysis . B u l l . F i s h . Bes. Bd. Canada, 125; 1-185. 

STjfBHSHMMIMj R. ( l945a) On the c e l l d i v i s i o n and mitosis i n some 

South Indian diatoms. Proc. Indian Acad. S c i . , 22j 

331-354. 

(1945b) On somatic d i v i s i o n , auxospore formation and 

sex d i f f e r e n t i a t i o n i n Havioula halophila (O-runow) 

5E££' S c i ' j 'Hfc- 75-77. 

(1946) A systematic account of the marine plankton diatoms 

of the Madras Coast. Proc. Itidiaa Acad. S c l . j 24J 

85-197. 

TILLIMJ, J.P. (1955) The r e l a t i ve growth rate of three planktonic 



- 180 

diatoms In r e l a t i on t o underwater radia t ion and 

tempera,ture. Axm. Bot . N ^ . 19: 330-341. 

mnJA, H. (1957) Mass cultures of algae. Mn, Rev. Plant Physiol . 

8: ,309-334. 

TAYLOR, F . J . (1966) Phjrtoplankton i n the Sierra Leone l i v e r . 

i' I ' i££k' i i i * l i * 107-122. . 

THIEMAiM. K. ( l 9 3 4 ) Das Plankton der Flussmundungen. Wiss. Ergebn. 

dtsGh. a t l a n t . '&2ed, "Meteor", M J . 2 ; 199-275. 

THOI.IAS, T7.H. (1966) E f f ec t s of temperature and illuminance on c e l l 

d i v i s i o n rates of three species of t r o p i c a l oceanic 

phytoplankton. J . Ph.yGol., 2; 17-22. 

UTEffi.IOHL, H. (1931) Neue Wege i n der quant i ta t iven Erf as sung des 

Planktons, y erh . i n t . Ver. L imnol . , 5: 567~596. 

van HEUECE, H. ( I88O-I885) Synopsis des Diatom^es de Belgique. 

Anvers. 235S. 132 Tafe ln , Suppl. Taf. A - C 

von DSIFFBR, D, (1949) Die planktische Messenkultur pennater 

G-runddiatomeen. Arch. M i k r o b i o l . , 1 ^ : 159'-202, 

von STOSCH, H.A. ( l951a) Zur Entwiehlungsgeschichte zentrisc.her 

;vIeeresdiatoraeen, I fa turwiss . , 191-192. 

|.1951b) Intwichlungsgeschichte LLiterschungen an zentrxschen 

Diatomeen, I . Die Auxosporenbildung von Melosira 

var ia j i s . Arch. M i k r o b i o l . , I 6 ; 101-135. 

(1954) Die Oogamie von Biddulphia moMliensjis^ und die 

bisher bekannten Auxosporenbildungen be i den Centrales. 



- 1 8 1 -

Rapp. .Coam. Sieme Coragr, tot, b o t . (Sect.^ I J : 58-68, 

(1955) Pennate Diatomeen, S^ j^ t . , k3t 89-99. 

( 1 9 5 6 ) Hntwicklungsgeschichtliche Untersuchungen an 

z ent r i s chei i Diatoms en, I I , G-e s cb-le cht zellenre ifang 

Befruchtung und Auxosporenbildung einiger grundbewohnender 

Biddulphiaceen der Sordsee. 

^Sk' M i k r o b i o l . , 23: 327-565. 

(1965)- Manipulie-nxng der 2ellgrosse von Diatomeen iiB 

Experiraan !:;. Phycologia. 5 ( l ) : 21-4^).. 

voa STOSCH, & DSBES3, G-. ( I964) Entwicklungsgesehichtliche 

Untersuchungen an zentrisch Diatomeen. I ¥ . 3 i e 

Planktondiatofflee StephanQpyscis t u r r i S ; , ihre Behandlung 

und Intwiclclungsgeschichte. Heligoland Wiss. !fe§.i ,̂sunt,, 

n: 209-257. 

•fiAEaURfi, 0 , (1958) Photosynthesis. Science. 128; 68-73. 

WATTBSMS&, H . (1957) Die Verteilung des Phosphats im Atlantischen 

Ozeaii. Wiss, Ergebn. dtsch. a t l an t , SxiDed. "Me;fe8<>r", 

9: 133-180. 

WAITS, J.G.D. (1957) The chemical composition of the bottom deposits 

from the S i e r r a Leone River estuary. B u l l . Insjb. f r anc , 

A f r . noi.re, T l ^ : 1020-1029. 

(1958) The hydrology of a t r o p i c a l West Af r i can Estuary. 

B u l l . I n s t , f r ane . A£r. noire, !|20A: 697-752. 



- 182 -

( l960a) A sum.iT!,ary of the laeteorologloal and hjnirological 
observations made i n the Sierra Leone River estuary area. 

iSSi' f'-fanc. Mr, no i re , T22A :̂ 1159-1164. 
(1960b) Sea water as the primar3r:30iirce of sulphate 

i n t i d a l swfimp so i l s from Sierra Leone. Wature, Lond., 

186; 508-309. 

(1961) Seasonal f luc tua t ions and d i s t r i b u t i o n of 

n i t r i t e i n a t r o p i c a l West Af r i c s j i estuary. Nature, Lond., 

1 9 1 : 929. 


