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ABSTRACJ' 

An lnvntlptlon WII lnltlated ln Stipt ... r ef 1966 to 

••c•rt•ln to what affect cen•ln envll'Gft■ 1ntal COftdltlona lww 

on thtt diurnal dlatrU1utlon of aitoell ln •rl•t-tlc •nt• of 

llltmlul red •11••· 

8bedrtlt lfDI• • ald-thon plMlt and fonbJp lyc1911u, 

a hl9h abon plant, bandled •11 w1tb the~- technique and thus 

wen selected •• lnltlal planta fl'OII a nUIIMr of pos11bl• 1ped•• 

El9ht at•v• of kazyotlnnl• •n ct.flned for both apec1• 

aJld qumtltatlvt data on a1tNlt wen attained. 

tatlatically tltnlflcaat rhytbaa la karyoktn..la •n 

pnaent 1n botb apeci• but th• 1umal pattem of the lhytbat 

dlffend ln "ch 1pecl•• !• larlx plant, collected ln Jvly 

•lntained • 1tatl1tlcally 11 lflcant, qynchrono • rbyth of 

altosla tuoughout • 14 hour period• but tboae collected l 

febiuary eh td fluctuation• ove.r a 24' hOUI' pe~iod ch were 

not atatlatlcally 1lgnlflcant. Nuclei off• lapc19l1ta plant• 

aalntalfted a phaaed rbytha of altotlt over 24 hour period• 1n 

llovlllber and Janua%JS karyolllnnl1 • lnlUated between 1430 

Ind 1630 houn ln Movlllber and bet..- 1230 and 1430 houn 1n 

January wt 1ft both IIOftthly collectlona th• •:xl .. pe&ltl la 

the nven .. ru .. t stag• of ltaryotln .. 1• occurred at 1630 boun. 

Fna thla rtt lt 1a 1uggested that ll9ht 1 tan1ity My play a 

119 lflcant role SA bri 1 g abau a perl lcl\y ltl alt la tn 

?• i,nca,eu• 
f• lancn1ua • •lntuntd under varylAg l nwry 
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J r, a11 atttlllpt to dlt whleh, lf y, 

envlronunt•l fact r(a) trig• d k•ryo in 11. Plant, kept 

1ubllened under c tent llgh\ xhibited • atatlatlcaUy 1l9n• 

lflc t pe1k in karyokl n11 at 1630 n. 

Aapect1 on the llf e hl•tory a C'(t lOgy f.,t. l•osnl•tf 
re •rftd and plant• collected ln Ncn,t111~ ere to 

taln thne dlatlAct t of a1uual spores. Plante collected 

1n January ublblted different type• of spona to the mo,,llllllbai­

plarats and are t.nCRJ1011t to be cl and"fJ spores. 

lncl 1119 the f♦rtlll1atlon pnceaa la dffcrlbild and 1111tnted 

•• la the po t-feJt111zat1on proc s. 
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A review of the liter ture indicated lack of quantitative 

d ta on cell division in m croscopic alga in the 1 bor tory and 

particularly ~. By means or CUBA t chniques selected red a.lg e 

were collected fro their in~ location on a 24-hour basis through 

the seasons of the year. The varied oceanographic and meterological 

conditions on the southern tip of Vancouver Island provided shore 

habitats of adequate oontr st. hodqmelA larix (Turner) c. A. Aeardh, 

was found to be a suitable t st species for quantitative vork and an 

exploration of differentials in mitotic activity in the growing parts 

of th plant was effected. Using squash techniques a ethod of 

quantitativ stimation of mitotic activity employing a point counting 

method was developed. It was found necessary to define the limits of 

mitotic phases in !!a, larix to f cilltate qua.ntit tiv analysis which 

was carried out over 24-hour periods both in July and ebruary. The 

cells from th a ioal tis of~ lar,u& plants collect din July 

exh1 ' ted a periodicity in nuclear division which was statistically 

signific nt t the five percent level. Fluctuation in nuclear 

otivity throughout the day were observed in cells from the February 

plants but th peaks v r not statistically si nifioant. The 

distribution of mitotic activity throuehout th dey was simil r both 

in July and F brunry despite tho dissimilarity of photoperiod, 

temp rature and tidal r ctors vhicb sugg sts the pr sence of a 

circ dion rhythm. This pr liminary vork ia bei continued by 

further 1n ~ inveatig tions correlat d with laboratory cultures 

und r controlled nviromental condition. 



lNT RQPUCII(!j 

Despite the variety and extl' .. ff of cond1Uona experienced 

by aao1t littoral plant 1pecl11 little attention baa been paid to the 

nlatlon between envlronunt•l condition, and c•ll dlvltion ln th••• 

01"9an1.... The latter aay be 1 ... ned or .... ned for vaiylng perloda 

over a large 1ptctl'UII of condltlon• of llght, d1rkl\e11, ttatperatun, 

humidity, lnaolatlon and 10 on ln different localltl•• at diffel'lftt 

, ... on,. ca9el (1961, 1963) drew particular attention to the 

conaldenble influence that the coincidence of low water, dtyllght 

and 1eaaon ha1 upon the algal vegetation of the Paclflc Nonh ... t, 

when tat. pre,ent work la being conducted, and lt lt generally 

accepted that local aeterologlc and oceanographic condltlons have 

• variety of effect, upon intertidal blot•• 

In••• ln1tance1 lt haa been 1bown that 1H1hon 01"9ani ... 

have rhytbll1 cornlated wlth rbythlllc changff ln their 1urroundlng1. 

Naylor (1"8), and flngeJUn (19~), have 1hown a tlde-Unked J'bythm 

ln crab, (Bpchyonotya and C1111DffWI napectlvely), Rao (1~), 

found a dlu.rnal rhytha ln water propulllon ntH of Mytlly• 

call(OJDlfDYI and showed, under laboratory condition,, th• rhythll 

wa1 linked •1th the tidal cycl•• Llkewlae Bennett (19'4) ahowed a 

tlde linked rhythm ln Y,roa1 !£Cfftart•• 

Little lnfo1111tlon ••- to be available regarding th• 

n11tlonahlp between the frequency of cell dlvl1lon or altottc actlvlty 

1n lntertldal organt ... and gl"ffa envlJ'Oftlltfttal tacton. far■er and 

wtlllaa1 (1898), felt that envlronuntal condltlon1 influenced 



•lto1l1 to a large extent. orklng on the Fucace••• thff• euthon 

atattd the only tl • they could procure aitotlc figure, ln the field 

wa1 just after the plant, hid been covered by the flood tlde. Evan, 

(1962), also workin9 with fucg •P• throughout neap, spring• flood 

and ebb tld••• 1tated that no fluctuation, ln incidence Nn found. 

Iyengar and Balakrlahnan (1950), 1npltd folyllphonl'I ;lasycatpa at 

one hour lnterval1 on a 24'-hour baall both 1n the field and in the 

laboratory. Without giving any 1t1tl1tlcal evidence they st ttd 

that nucl .. r dlvlaions wen iaore abwldant between the hours of 

9 P••• end 12 •••• Hoyt (1927), 1tudy1ng th• production of 

reproductive cells of Dlctyota •P• abowtd a definite relatlonahlp 

between occurrence of 1exual 1tructure1 and tidal and •terolggic 

conditions. frledllaM (1963), •ork109 on 11ft cycln of Praalol• 

1tlpitatf found that the occurrence of ••10111 was governed by 

tidal conditlona. 

Frlnner (1920), Winter (1929), and aor• ncently Zeuthen 

( 1966), and Taal ya ( 1966) • review auch of tht work done on altot le 

per1odlc1ty of higher plent• and of organl ... ln culture. Leed•l• 

(19~9), working wlth the •ltotic mythu of Euqltna in culture, alao 

reviews previous work on altotlc periodicity in 1nlllal1 and higher 

plant••• .. 11 •• the •lg••• More recently• cOllpeddiua on algal 

chromo1011ea (Godward 1966), lncludn LNdAlff work but no further 

data are presented with regaJ'd to •ltottc activity of alv•• !!}. 

111lt• It appear, that raost work in urine algal cytology, including 

auch of the 110at recent, la baaed upon observetlona of ■itotlc 

figures •••n ln preparation• of material collected and fixed when 



the plant• becGM •cceetll>l• on the••• ahore, v1z, at the Um• of 

low •·•t•I'• In ord•I' to obtaln a1tot1c: f19Uftt, in what must be 

•••UMd to N aaterial wbieh had too few clivblons occurring in 

material collected and fixed as ent1oned above, a e authors kill d 

and flx.o ••t•rlal at varlou.1 intervala auba•qu•nt to coll ction, the 

plants being held under un•~•e1fied condit1on1 in th laboratory. 

Vabu and Totida (1963&), wo~king on ,rthn~hl!JlYI bifldy1 nd Yabu 

(1964). work1nt on i!M StilZitum and la[!e prfpJ.gng made fb tlont 

at aidnltht of uterial kept in th• laboratozy1 Yabu nd Tokida (196lb). 

wol'king on apec,1•• of porphvr . made fixations at • varl ty of t1 es 

fl'OII ut.•1'1•1 held in the hboratory, h ever no evidence of greater 

r l••••~ mitotic aotivity at these times of fixation ia pr sented. 

gn• 0964), working on a "1dt ,pectrurn of red algae collect d and 

fixed 11 hla ter1•1 at t e time of lo watttt hieh tn his area 

••• around •ld•dly, l>U.t pns•t• no evident• to tu.pport his 1t1t ... nt 

that tl• of day 11 without effect UpOn the lncldence of ■ltoaet in 

the Mterlal. Cel'taln authon 1tat, that flutlon of •terlal during 

nlght ti• 1• t.apon•nt (Wolf• 1904, Lewla 1909, Svedel1u1 1911, 

Iyengar and 8alakrl1hn1n 19~, Mullahy 19!»2, and Au1tin 1959), ~hilst 

otben. fHl that d1v11ion 11 lndependtnt of the hour of day or night 

(We1tb~k 1928, Onw 1934, ao 19 , Evan, 1962, and Magl\1 1964). 

Of th••• only Evan1 (1962) i ·1poi-t1 \lp~n mitotic activity, over daUy 

and ••••on•l cycle• of plnt1 kept ln the, ... 

The present woi-k 11tt41Plpta to provde a framework of 

infol'IWltion on the inelden.ce of mitotic divisions in SOllle c °" 

acroscopic marine algae of th• acific orthwest, !Q .!!.Su, at 



different ti••• of day and night, tidal cycle and ••••on• Thl• 

progr .... hat expanded lnto • ll•lted atudy of the effect, of• 

envlronaental fact.on upon growth, 11 reflected ln altotlc aetlvlty, 

of the 1peci11 Involved and la concurrent with• phenologlcal suwey 

of th•• tpecl•• the whole ti.lng designed to facilltate progra e1 

of eytolog1cal ind life h11tory work on th• Rhodophytes ln thls ng1on J 

both latter a1pacta will be reported elsewhere. 

MATERI ALS AND METHODS 

The plants uaed tbJ-oughout the wort were taken dlr.c:tly fro11 

their n1tu11 habitat and fixed •1th • a1n1eua of d•l•Y• For a llalted 

period before and after low water moat of tbe plant,, or their 

fronds, could be collected and fixed at once 1.e. plucked off the 

shore Ind deposited directly ln fnshly coablned 1•31c1tlc elcohol 

■lxtun. At other- periods, whan the lownt plants were covered by 

two or re ffft of water, SCtJBA equl ent was ploy~. The diving 

technique• used were etandard except that a 1hon• or boat-bated 

•• eaployed to fix epec • on r.eelpt fr the d1 ving IMllm.J', 

furthel'IIOre, underwater 11 p• such •• Scub lltH or EkeUtes together 

wlih ahore based aeon l • were ployed during overnight diving 

collect1on p riods. Thne la • together •1th c•rtaln safety 

precautions were n•cntary during darkness particularly over pnlonged 

winter n1ght-d1ving period,. ffetsuitt ere found nece,11ry at all 

tl••• except during the armeat I er wHther condltlons. A tent 



ln 1Ulllller o~ e o~11• tra1l•r in winter •• necessary ace d1t1on 

for tt overnlght dlvtng work. the dlvS.ng 111•1111•r or 11 •n 

requli-lnv 1 • sbel ter hen r ovlng wet. aulta and for drying 

the•• euit• for ~e-attlre. The plannln f night t • dlv1119 

progra ts require at tr phdittion -•t• f appropr1•t • cl•• 

(Anon 1967). t el er with thoro h familiarity with th • or 

p:-of11H ove.r ich t he collections wen ade. Tt e • lect1on of 

•ult• le short louiions ls laportant and ••n chosen ln t • pr••• t 

lnat1nce to race tbe followln prer.qu1a1t••• 

1) T • pre,ence of all the ••lee• •~cl•• within•• 

11 lted n •rta 11 ,oaalble in rder to Nduce m<rfea,ent ov r dlat•nce• 

throug ater an tirae taken loc ting plant iroup1 and~ oving 

• Thls 11 necHaary lR ord r that all the plan\1 &J"e fixed 

•• cloa to the ta• till••• practluble. 

11) Ace 11billty by l ndbtsed v• lol• and d1vable under 

.a ott ny c:ondi 1ona. 

111) Pos, s11on of con ition• of contraat w1t.h ot r aelected 

ahor reg rdlng c 1t1on of a1pect, (1.e. ex-poauze to ~ave action), 

natu~• of ter • in the•~, (1••• diffenni sed1CJl.tftt lo d,, 

pJ"OXl 1ty to llutign eCNl'Cea, •tc.), and l~•l cl1mai1c diff1rence1, 

ln parUcul r r lnf 11, a nc hU11i lty, and cloud-cov•i-1 t • 

1outh · d of Vancouver Isl eing, fortun tely, quite v r1able th 

regard to 11th•• f• tur • 

1 • p 1• of np .. tedly l Ung ul'ked •n&• on the ahon 

parUeularly \.lftd at .i-, and d\lring perio<la of darkn .. ,, has n 

aolved 1n 1 1na ance p rUy by c pl t• f 1U.ar1ty wit th• n tural 

fe t ures oft• a ore ork , {al td by the ul r photographic ork 



connected with th• phenological 1uney), and partly l>y urkln9 the 

shores with peg1 ind/or patnt. The fo er ould ~on•t1tut• "ujor0 

111rk• and the latter "minor" ma1"k1 of a "raajor-m1nor0 underwater 

urk109 yat ( uatin unpub). Th paint u d ias it nchlorubite .. 

a pre ration uaed for 11n1ng 

durable quaU t1 •• This int 

ng pool and of d esive and 

of e th ring even 

at 1dd•intertid1l positions. These marks " ore uecessful on 

• • 1hor • t h n the 110re l borious pe;ging ethod ( uatin 1960) of 

driving "x 8" len tha of teel rod (Pl tel f 1 1) into an 

approximately 4ft deep hole ril l ed in the rock ualng • portable power 

dl'i 11, th power source for which h d to be carried onto t • ahon. 

t 1011 loc t1one th•• p a re lot dur1n 1to y • • wbicb 

aoved l rge loga over the pegged area.; pl nia ere ved only ln 

• f inst nc • Other " 1 r " rk thoda, loyed aucc:eaafully 

in de per ater (Austin unpub), including the uae of fluorea~ent 

pleat1c at r1 ls fo d into 1a 11 "laHh" h1ch cUp round the 

lower parts of th plant, or fronds, ere not auecesaful in the 

lntertida l ion• • 

Th above•dtserl d field procedur I re 11 at ed at 

reducing to the short st po slble uration the ti 1nt rval en 

11111oval of the planta, or parts of plant•• from their !.U ill!! fi ld 

position nd thelr fixation. In no c &e in the pre nt investigation 

h•• this e oun ed to t han 1•2 inut • this int rval oceur~in 

whllti the ap ct tns eN 1ubcerged un er transp rtation by the iver 

fro,a the growing site to th• ahoN or boat-base flerlber for fixation. 



Th• fixed wr1 l to aqua1hea 

w1thln twenty-four hour of collection but here thia as not pot 1b1e 

the flx tive was ah out using 100% ethyl alcohol for 10 • 1 

■inutes nd th n tor in 7 thyl alcohol. ter1al stored in thla 

fashion for s long a 14 onth yielded excellent prepar tions. 

Th• tec.hnical dlfficulti•• of a st.rating the c r001oso •• 

of the odophyta have oft.n en c;kn l d;ed( old 19 l), n rel t1vely 

ncent c011pend1 in elg l eytol y ( ne 1964 and ard 1966), n·• 
without. photogr ph1c evldeno• of a re uciion in this probl • the 

lllustratlons of r •lgal nuel 11n ug\.ll'fflrd ving ~en pi-epared by the 

aen1or author in 19 ( u.tln 1960). The present aut ors found 

llttle difficulty in ata1n1 an apr din t • chroinos ••oft• 

apecies listed h•n •ploying an iron-al aceto-ca lne teohni ue 

( atin 19 ) , •Uh the addi.tion of aoaa daple refln ta includln 

the uae of plex1g1••• "1qua1henu to product lntenae pl'flaure at 

loc1llaed spots on the cover alip without bnaklng same. The 

"aquaahen ... ••nude of 3 • by <4 • by 150 • pledgl••• strip 

with the endt ground and honed to• perfectly lev•l chltel edge. 

Perunent pnpantlona wen ude accol'd1"9 to the aethod by Br1dl~ 

(1948), o\neNlae the prepantlon wa, ringed wlth glycerine jelly 

wnlch Htulted ln • ••l•p• nent aount. 

et il d report of th t chn c l 1pecta f t is work 

will N rted sep r tely but bi-ief I ry of • ch eciea will 

be iven bel • Of a consi ereble n r of sp ci . a explo d nly 

the t e sily andl d w re choa n (Table 1). 11 but _,_i.,;.,5,;,;;;,1...,_ 



floocola gave good fixationJ the latter species axhibited, a number 

of p7cnotic nuclei. Rhodemela ~ (Turner) C.A. ge.rdh, Laurenoia 

gpectabilis and End.ocladia mur10~:f'da fixed, squashed and stained 

extremely well. Oernm1um spp., CryptosiphQJUI xoogJ.i, mcrocladia 

bor~alis, Porph,ua spp. and PtfrosiphoniA bip!poet§ all fixed well 

and squashed and stained satisfactorily. HAlosagcion W,Qdiform1 and 

Odontholia il2Q.,Wfl wer~ difficult to squash and the latter appeared 

difficult to stain. However, prel.1m1nary modifications of the 

technique indicated that demonstration of the nuclear detail in 

difficult m terial is possible. 

Previous work by one of the present authors (Austin 1955) on 

the chromosomes of the Rhodopbyta demonstrated nuclei of a relatively 

large size in RJlodomel1 gµbfuaca. The common local species Rt. larix: 

(Turner) c. A. Agardh, (Pl. I , Fig. 1 & 2) vaa thus explored at an 

early date and adopted as the initial species tor quantitative work 

due to its technical ease of handling, presenc on almoot all local 

shores and frequent abundance where conditions were suitable. 

Figure l illustrates its midlittoral position on the ahore and this 

was considered an advantage since any pattern or trends in mitotic 

activity exhibited by such a species could be explored further b1' 

investigating plants upshore and dovn ahore from thie experimental 

' specimen. Furthermore Ra larµ is a perennial of unknown growin.g 

season and longevity, (the elucidation of which is part of the 

present work), and could therefore be tollowed throughout all sea­

sons. The location of the university, leas than one-half mile froa 

a large variety of seashores, makes such all year-round, all weather­

work possible. 



The apeclea choeen for the present work are listed ln Table 1 

a and , and an COMOl'l north ... tem Paclflc Rhodophyt • 1elected to 

reprnent and have 1011e ecol09ical aigniflcance ln th• three main 

11tto~•l reglon1. The lw,11 occupied by thne tpecln en dete lned 

by a alaple 1taff•levelllng 11-ethod u11ng local tidal predictions 

( on 1966■ and 1966b) a, nfennce1 the n1ult1 a:re preaented 1n 

Table 1 and Figure 1. 

On the 1outhem tip of Vancouver Island thrff shores were 

choaen which adhered to the previously outlined pnrequlslte1 and which 

supported the 1elected 1pec1••• Two of thffe 1hore1 were located at 

Victoria and one at Port Renfrew and opposed each other to a certain 

extent with regard to OCHn09r1phlc and teologlc cond1t1ona. 

The 1hore location at Port Renfrew 11•• 70 allea to the 

•••t of Victoria aituated on a large inlet and haa a northerly aspect, 

the IHI haa very little 1ettleiaent CCMlplred to the other (Victoria) 

ehor••• The MOUth of th• inlet lle1 about a mil• froa th• shore 

station 1aapled and le expoaed directly to the open Pacific Ocean. 

Port Refnw ncelvts approxlutely 70 aon lnch•• of rain per year 

than does Vlctorla. Wlddow1on (196~), did• horizontal and vertical 

dlstrlbutlon ttudy of plants ln the intertidal zone betwe n Victorla 

and Port Renfrew. Thia author aonltoJ'td 1alinlty, t•perature and 

tidal rhythaa and felt that the only envlronaental factor which 

appeared to have a regular 9radient ln the region 1tudled waa rainfall 

and he felt that thl1 coatt line wa1 • transltlonal area bet n the 

open ocean and the aore theltered waters of the Vlctori arp. The 
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p?'flent authon f 1 that eteorlog1c•l conditions play a la role 

ln the vertical distribution of the plants on the shor. •• • 11 •• 

ln growth wlth Ngard to the two •r a and h v r cord d such date 

ln collectlon1 other then that pretented ln thh preli tnary report. 

Th• ahore atatlon at Ogden Point 11•• on th• aouthwfft edge 

of Vlctorta, a clty of 1~.000 population. The ca.unity of plant a 

auapled hen lie on the expoeed aide of the Breakwater1 thlt 

con1tltute1 • st1"1•expo1ed ahore. The proximity of sew19e outlet, 

to the •r" •• pled sug est• hat the plants r celve a good deal of 

dl11olv d nutrient,. R• l•rlx, 11mpled here have n abundance of 

epiphytes, usually dlatonta, hlch an not found to any ex ent on the 

plants at Port Renfrew where nutrient , due to omeatlc ffluent an 

negUgible. 

The second shore station in Vlctorla •• at Ashlee Bay which 

hes• 1outhea1t ••Pct nd 11 situated on the• at coast of the city. 

The ecological condltlon1 of the two Vlctorla stations v ry little 

except for prevailing winds. The 1hlee Bay site it protected fl'Ol'I 

the• er northwnt•rly which th Break ater nceiv • and both ahoNt 

ncelv the full force of the, wlnt r southeaattrly. Thus, during the 

• er apri •• which appear in the early to late omlng, then 11 

likely to be n deslccatlcn of the intertidal plant, at th• 

Bnak ater. 

Deflnlng the various 1t19e1 of •tto1i1 ln !!• larlx was 

necN1•ry t>.fon any quantl1•tlv• work could begln. Dixon (1966) 

points to th• lack of de1criptlve work on the nuclei and chl"OII01011e1 



- 11 -

of the Rhodophyta, tlle bulk of the Utentun in thla area of cytology 

being nprnented by freg114nt1 of larger life history studln. The 

authon, followlng GNndmaM (1966) and penonal c:01111Unlc1Uon with 

Col• and Robinaon delineated ••ven 1tage1 of ■lto1l1 (Pl•t• II) for 

quantltatlve purpo•"• Laughlin (1919) carrying out 11all1r 1tud1•• 

ln Alll,. S1Q! llluttrated and counted eleven atagQ. According to 

Hugh•• (19$2), the Hrl1e1t sign of ■1to1la b dlfflcult to dhcern 

and 11 the area when error uy be intJ'Oduced ln calculating degl'N 

of ldtotic actlvlty. Slaalllrly Dodge (1963) clal• that the chrollo• 

aae1 ln the Dlnophyc"n nucleua l'telln condensed at lnterpha1e and 

rntllble the varloua 1t19e1 of .. ta• and 1na•pha1e found ln higher 

plant,. In tabulating the altotic fnquency of• Olnofl1gell1te 

Dodge (1964), counttd only 1n1t••• •n•• and telo-pba••• the, ... 

at•v•• ••re used by Jacob• 11nd Morrow (1961), worklnt with the 

ahoota of Sd>IIV• sp. and inter (1929), u1ln9 roota of Gladlolv, •P• 
The lnclu1lon of only the late~ phi••• of altoaia lndlcated a dlffl• 

culty ln deli■lt•tlon of propbaae 1tag••• Although thlt •• an 

early probl• wlth our •t•rlal lt ••• felt by counting only ••t••• 
ana- and telo-phaatt valual>l• data, such•• stage lndex (Le\lihlln 

1919) • and poaalbly altotlc rate (Bro.m and Rlckl••• 1949), would be 

lost. Funhenore lncnaaed cytol091cal ex.,.rlence wlth !,. larb 

l'ff"led falrly Clffr dlfferencn between the various at•g••• 

The•• an lllustrated on Plate U flg1. 1•9• 

Cytotln••l• in!,. larlx. dncrlbed ln detail 1n • 1eparate 

pa"r• appears to lag behlnd k1ryoklnell1 and furthenon ln , .. 

c•••• the nuclei Pl'09ntt t.ONrd 1nterphl•• at dlfferint ntn. Thl1 
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can r"vlt in• aituati-on wh•r• Ol'\e of the nucl•t in• binucleat• 

cell, •l9ht 1n typical telopha•e whilst the ot er nucleus ay 

appn~ quite ,1ffer«1t. Thi& type of cell•• ~orded as telopheae 

aa long•• one of the nuclei confoned with typical telopMse 

char cterlstlca. a WOU-ld be expected, other b ucle te cells of · 

the a • 11ze appeared with n 1th r nuclei in typical teloph ••• 

Thea• wen N9latered •• telGphaae only ln the data pnsante 1n 

Table 2 A. Tne1• cell• wen ■1totlcally active and were recorded a 

auc, wt on a re-evalvat1on of t heir 1tatu1, for data presented in 

all oth r tables, 1t as decided to cla11lfy t • t • ba1i1 of 

one of the nuclei 1.e. the nucl • t t waa lo tu later &tage of 

altoals. 

The Mthoda of preparing uterlll, by varl • aut on, for 

quantltatlv• •1totlc rk an few, Gray and cholN (1 1), Fejnowic& 

and Morrow (1961) uaed ■aterlal Nlbedded ln paraffin which as then 

aectloned and •t•lned. rown and Rlcklfft (1949) cerated the root 

apex of CuCllf!!lt• ln a kn vol of fluid and a• ple of the 

1uapended cella • counted wt.th t ald of a ha ocyt eter. · Austln 

(19" nd 1960). studying tta. • •toay and npnductlve str\lctures of 

certaln red algae using•• ab technl • (Awstln 19~9), found that 

the cell• spread •n~ •t•lned extrea.ly well I.ft st of the 1pecin • 

wo!'ked 1th. It waa felt that • antltath• 1tudy of totlc 

1ctlvlty ln erl1tMatlc tl11ue of red algae could be aide, uslng a 

1quash technique, 1f the• cle• concemed ,~ed the following 

pr•r• u111t•• • 
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1) fixed •11 

2) 1qua1hed well and unlfonly wlth very little overlapping 

of cell• (Pl1te tll flga. 1-4) 

3) the nuclear ph11e 1hould be dlatlnguiahablt in no le•• 

than~ of tbe cell,. (Plate 111 fl91. 1•4) 

Mltotlc per1odlcity 11, ln the prnent work undentood to 

refer to the diatrlbutlon of •ltotlc activity with time, usually the 

tltMt of day. Mitotic index nf•r• to the •~tion of cell phase, of 

•itoals (l.e. mltotlc actlvlty) expre11td •• a percentage of the total 

nUllber of nuclei (Rayne and Godwal'd 1965). Nltotlc actlvlty •• 

a11e11td fn,a the 1qua1he1 by •ant of a point counting method 

employing a Kpl 8 x Ztl11 Integrating Eyepiece I Teat Point Graduated. 

The counts en de ua1ng a 100 x oil l ~•ion planapochroNt Z•l•• 

objective and each cell lying on a point of tht t•st point lattice••• 

counted ( late 111 fig. 2)J the counts being apllt up into the 

appropriate mitotic phaae and recorded on key-punch tally reg11te~ 

(fable 3). 

prepar tory qu nt1t tlve evelu tlon involving point 

counting every fl ld (7,330 cells) from one c plet squ eh using the 

integrated eye pl ce ave• v lu for the mitotic index (T bl 2). Thia 

proc:eaa took 1 d y1 to cou1pl te and 1 t ~ a obvious th t a •or 

npld ••thod of deteimtning the ltotlc 1ndex of each 1qu th wa, 

necnt•l"Y• This •• done by counting• number of i-andont fields of 

thll ••• aquaab and COllpa%1ng the t•o ltot1c index value1. Table 2 

ahowa the t tlc index of five rand fields•• compared to the 

total. There 1• an error of l 11 than 9% and•• the itotlc index value, 

for the ujor fixation tlme• of July and February wen far higher than 
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tbla flgun• even at the l fft altotlc index (Table 8 •• b, c, d), 

1t •• decide to ue• flv• rand• fl•ldt per 1q1ia1b. Th••• flve 

fields wen ln roughly the 1•• poaltlon ln each 1qu11h and 1a1tlally 

located ualng the lo powu 10 x objective so that nuclMr activity 

could not • dl1ee""" and l tl'Oduc• c olee •rnr. 

u,1 th• •bo•• deaulMd •thOdl quantltatlve data•• 

procured and p.raeoted in • following unner. The aitotlc lnd•x 

per nlNlue •• calculated by 1uaal119 tb• valu• of the flve fleld1 

and aver■ lng the total. be altotlc index of the four raaull •n 

allllNd and averag to give a value for Neb plant. The aitotic 

lncfex for "ch alnor flxatlM tiae waa calculated by 1Ullldng end 

•v•n9l"9 the ln ice• f r the three plant,. The attotlc lndex for 

each plant and for each lno flxati tlae 11 shown nspectlvely 

ln Ta le 8 a c, and b d. 

All quantltatlv• data fl'OII t • point counting pr-ocedure •• 

well•• that of poaltlon of 1qu11b raaulu1 (Table 4), 111 of the 

latter (Table~). and plant 111• (tabl• 6), wen 1t1tlstlc1Uy 

analysed. tatlatlcal 1l9Dlflcance bet~ the varlou1 factors en 

canled out u1ln9 an analyala of varlanu. nklng of treatment aeana 

(Table•• b & d) ••• done thnutb Duncan•• New Multiple Rano Test. 

To avold any lnterpntatlve bl•• all uterlal I aahed and counted 

wa1 coded and the conelatton IMtWNR collectlon tl•• and altottc 

actlvlty •• not poaalbl• 11 flnal a11ellbly of data. 



08§1:RV AT IONS AND RE Ul.TS 

All plant• and plant rt, were handled under a Tri•X Olympua 

Trlnocul•r ,tenoutl~ro,cope which fae111tat d photogr phy oft• a1t• 

of orlgln of ater1•1 from which squash pr parat1ons w r 

•• the •-•ur1ng of the l ngth1 of plant p rt. 

de , well 

The . orp olo y of -• brix. frapentary knowledge of , .. ,onal 

gro th pattern (Au tin unpub.) nd U.tera-tun on Rhodoaelacpe (Kylln 

1~ an Pr1ta,, 1945) avg ••t• MOat growth tak•• place ln the 

aplc 1 r ton. Di 11ct1 n ~, t • latter revealed •n aplcal cup 

(Plates IV, flg. 2) con111t1ng of ra,ber ll'l'egularly arranged 

tapering, flnger-11kt ~•111\111, all cuwlng towa.rd the central ax1, the 

... u r (l • • 3 .) lntemal, pale pink ramuU. being aurrounded y 
larger ( 4 • - 7 • ) darker tan-brown l'IIWU11 often covered 1th 

encl'Uating eplphytes ( late IV, figs. l 2). The eplphytea appe r to 

gl'OW fl'OII F bru ry to July, being ;onaplcuoua in the latter onth, 

Th••• ep1phyt•• •rt not visible on th• aull•r raMUll of the inntr 

part of the cup (Platt IV, figs. 1 2). The lnner and outer raaull 

of the apical cup contr at g:reatly wlth tho•• of the thallut belo 

the cup (Plate I fig. 2 nd late IV fig1. l & 2). These r mull are 

black tn color 1th th nc.rusting ep1ph1'• ver, ~•plcuou. the 

year round ands etl son the ramuli of the extr ... lower portion of 

tht thallus, cover the entlr• ruaulua. 

~ c p~rlson oft• exte~l feature, and color of the above 

deacrlbtd ra ul1 1t w s obvloua that the tlasue when uxl wn •1totlc 
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index ld likely be found•• at the tlpa of the pink, tender looting 

, 11 h1ch m ke up the iMer portion of the apical cupule C late IV 

figs. 1 , 2). To teat this theory tips ••r• aquas ed and counted from 

Nmu11 tak n at rando locati na the thallua. St 1at1cal nalyalt 

of t hh data waa plaMed but. found unnece11az·y •• lt •• clear that the 

inner rtl!Uli of the apical eupult ere aultable. 

lt ••• en nee •••ry tG dtcld 1c pa f ny given 

r lu1 ••••xi lly active. Tabl• p 

index of ti1au • fr• different poaltlona on t 

n t he itotlc 

ul1. The 

ultlute o. •• tip waa ed • waa t p nult te o.~ • tip 

and they wen stained, squashed and counted. analysis of var1 nee 

••• carried wt and there • no 1lgnific1nt difference betw.en the 

two po1itlon1 on the r lua. Further aequentl•l sections were taken 

down the len9th of the raaulu•• below th• penultlaate tlp, and counted . 

The aitotlc index of thla tl11ue ahowed an bvlou1 tr.nd in decrffalr19 

m1totlc activity compared with that found in the ultl te and 

penultl~ate tip• but there waa not ene>u9h terial counted for• 

1tatht.ical an lyab. 

Due to the pnaenct of l l'it n rs of very • ll ply 

taining ~•lla ln t • extr it p1cal O icr na 11 l ngth • 

diacal'dtd nd the 1qua1hing p~oc ur 

wQr.k (on th.la plant) upon t e p nultl 

apex. The absence int 11 plant of qui 

d throughout the 

icron of th ra ulu1 

apex (L nee, 19 2 orklng on V1c1a f!Ql) confo • 1th 

of work on pie 1 eris• revle td by l ~•s (1961}. 

t the extnae 

good deal 
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The Apical cup of .fi• !ll1! varl • in the n\lllben of 1Mer 

tender re uli f winter to su r. n the au.er material the is 

usu lly no ~ore than six to seven ra ul1 f-roa l· •• 1n l.nut 

N • ln the winter terial then ls nywheN froe 1 •l r uli 

of thi• size. en choosing ramuli from t • • • pl nt t 01• of 

s1 ilar 1ize were taken. T ls waa easily ace liahed in he winter 

terial due to the bun ance of tender r• 11 ( late I fig. 2 and Plate 

IV fig,. 1 & ), but ln the summer terial then waa uaually av rlance 

ln l ngth, anywh re from 1. ~ • - • ecau1e o t 1• vari t 

in ,11 it was thou ht lt might affect t • statiatical validity oft• 

~1totic index values. ar1ten (191~) and rie1ner (l 2) coll ctlng 

quantlt tlve data on m1tos11 in the root• of hliher pl n • found they 

had to relate the number of mitose1 found per root to a unit re• 

of root Up I e ch root they used varied a gre t dpl in lize. 

int~ (1929) oln 1 11 r study with the root• of G!@diolu1 •P• 

aho d that ht id not have tor l te itotlc figuna to the 11~• of 

the root a the terl 1 waa extr ely unifon 1n a •• 1nce th• 

ra uli of!!• l rix us d here wer so unifo in ai • tat sue a 

procedure w a also UMec IHry in this work. 

Table ~ present t.he ,n,itot1~ in ex of r uli J. . ~ • , 2.0 •• 

•nd 2. 5 • 1n 1 ngth. Th an•lyai of var1 nee of i data I ow d 

an insignificant f v lue thus it • concluded t t there an 

v r1 nee in the itotic index betwe n r uli oft••• 1 ngths. 

The posalbility of a diff•~ing ltotic ctivity 1n r aul1 

froa plant• of different aize, and prtsumebly age, 1 reparted for 

higher planta, (Jen1en end Kavalj1an 1958) w & xplor d. table 7 
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pnaent• tbt re9Yltt whlcn lndlc tt no 11gn1f1cant difference for 

r mull of qual l nth taken from pl nts of 2 cm., 3 cm. nd 4 c. 

fttr h ving taken tht1e preli inery precaut ions progr 

of squash s of the nulti te ~00 u of four inner aplc l cup ramuli 

from ach of thr plants at f/V ry minor fixation time could proceed. 

This n b r of squ sh•• ade nd plants• mpled waa deal ned to attempt 

to giv statistically sound d ta. The in aim was to c totic 

activity betwttn plants fixed at diff rent time, of day and•• 10n. 

Firstly, ho ver, variance ln th 11 pl of four ramuli per pl nt w a 

t ted. This 11 done in Table 7 and there appeared to be no appreciable 

variation between t ae r uli. 

lthough the growing s ason of E• larlx is not fully known 

it was thought th ta preliiainary quantit tive esti at lon of mitotic 

ac;tivity at about mid a rand aid winter mi ht lend aupport to our 

phtnological data. Tb• aonth1 choeen were July end Februal'Y which, for 

referenc in thla paper, will b design ted jor fixation ti •• 

The collect1ona for July 27 wore done at I time of a weather, the 

'1.dal cycle being th• end of • n•ap period. The collections w re d• 

about every thne hours but did n t cover a full 24 hour period, a gap 

existing fr 1600 hYs. to 2300 hra. Tne plants w re •erged frm 

• ut 0630 hrs . to bout 0900 ra. nd during this at te e~• fixed 

once at 084 rs. The plants received direct sunlight fr about 071~ 

bn., thus, al oat the entire- pel'io the plant• wtn ... rgtd they 

received direct tunllght. 

Th jor f1xetio period on Februasy 22 11 initiated t 
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204~ hra. and was tenlnattd at 1910 hn. on the 23, the tlde was 

ln a spring cycle at this tlM. Low tidt occurred at 19~ hn. on the 

22, and the plant• wen ... rgtd at 174~ hN., the hour of sun,,t. 

The flood tlde covered th• planta at 2200 hn. thus the plant, 

flxtd at 204~ hra. and 2UO hra. were -rgtd. Low tld• was at 2030 

hn. on the 23, the plant, flxtd at 1830 hn. wen ... rgtd with 

exception of the occasional wave pa11ing over th•• The plant• flxtd 

at 1910 hra. wen ... rgtd. Tht tapentun of the water wa, 

approxlMtely 8.~oC and the taperatun of the air ranged froa ~.OOC 

to 9.~oe. A gap in the 1aapl1ng exl1ta betWNn the hours of 0030 hn. 

and 074~ hn. 

01 CUSSJ,Clf ANO OONCLUSIC!§ 

Bruce (1964), nv1.twlng work on cell cycle tl• ln varloua 

organhu felt 1t was aon than a cotnci<lence that thl1 tlae waa about 

2, hra. ln uny organl.... clrcadlan •ltotlc periodicity appean 

to occur ln ao1t higher plant, explored. Frleaner (1920), ualng 

exclatd roots ln culture clalaed a periodlclty of altotlc rhythll 

however Wlnter (1929) growing .roots of Ghdlolua both ln natural and 

culture condltlona found no varlatlon of aitotlc activity. Mon recently 

Jenaen and Kavaljbn (l~) found, in the saae apecln (Alllp c1pa), 

two aaxlu of cell dlvlalon one at noon and one at •1dnlght. l&oat 

of th••• above aentloned authors report a perlodlclty linked with 

•xt•m•l condlt1on1 although fl'leaner nporta that th• perlodlclty la 

apparent only when condltlont are unUon. 
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egarding the pnsence of llitotic: lhythu ln higher plant pan, 

other than root tip• Jacobs and Morrow (1961) failed to find altotlc 

periodicity in th• pie•• of fdll•y• but reported• per10d1clty for 

the lnltlatlon of l••f pr1aord1a. Kaufaan (196~) •l•o failed 1to find 

any aitotlc periodicity ln the elongatl119 lntemodea of Ay,oa I t1ya. 

However, Lance (19~2) • working on Vlclt .f!H. aplcn found • rhythll 

with a peak at 0900 hn. and another auller Pffk at 2100 h.ra. pen• 

(1939) •••pllng §all•x leaves (gro.wn in the fltld, 1clal•ed 2 peak, of 

dlvlalon shortly after ■ldnlght and shortly after noon. 

Ample proof of \¥\lcellular aquatic plants havi119 periodic 

fluctuations 1n llltotlc index 11 given ln the llteraturea frlesnei• 

(1920) and nter (1929) glve, adequate nvl ... of previous won:. n 

ncent rk ls reviewed by Ltedale (1~9) and TMlya (1964) and the 

result• of their own atudl•• ln the lab ahow that unlctllular algae 

dlvlde during darkness when subject to dlumal tluctuatlona of Ught 

and t eratun (SoJ'Oltin 196~) which agnn with aoat of the other 

work done on the Cblorophyce••• However yna and Godward (196~) 

atudylng the ltot1c periodicity of Eudorlna tl9Q•Dt under fluctuating 

light ( 16 h urt light end 8 houn darkn•••), showed a prlury peak 

about two h.oura bef or• the end of the l19ht. period wl th 1ubaldl1ry 

peaks at other times, particularly dul'lr19 the dark pha••• 

Mitotic lndex 1tudltt of higher aquatic planta art extr ely 

Ualt.ed. Savelkoul (19~7) havlng taapled lodf! dtoH every three 

oun fro11 grNn houae pools found 111 tot le: fluctuat.iona but pparently 

they wen not stat.lstlcally algnlflcant. 



Worken lntenst.ed ln penodle pbenoaena of plant, nave 

virtually neglected the urine envlronaent. There 1ppean to be no 

,tatlatlcal tre1t11tnt of llltotlc 1ctlvlty carried out on INltlcellular 

plants either froa the •rtn• envlron11ent and kept ln leboratory 

condlt1on• or auapltd .la I.UY.• The f• ~ytologlata worltt.ng with the 

•• weed• rely on ch•ce ln Clnylng out thell' ••apllft9 . thodt to 

acqulr• dlvldlf\9 nuclei. Evans (1962) 11 the only worker who ha1 

canled out• aaap11ng pl'Ograa de1l9ntd to reveal• ti .. of day end/or 

a tia• of year in which 1pee1•• of intertidal ~ would yltl d 

ure dlvldln9 nuclei than that found by lndlacrlllinatt sampllng. 

In _. A•r&I• throughout tht July (Njor) flxatlon 1111pllng 

period a perlodlclty ln cellular dlvlalon •• found (Table 8 a b, 

f i9. 2). The fluctuation, are statl1tlcally slgnlflcant (Table b). 

T •n wen two ■ln1u and one uxt .. pel'lod of actlvltya the foner 

being at 0100 and 1100 hrs., the latter at 0845 hn. (fig. 2). 

Mitotic lndlcff of plant• 1aapled v•rled with the tlme of 

day fixed. At pen.ode of low, ■ltotlc actlvlty then an considerable 

dlff•l'tncea ln the llltotlc lndlce1 between plants. The largest 

standard devlatlona occurred ln plafttt fixed at 0100 and 1100 hn., 

thll •ten.al ls also the lfftt ■ltotlcaUy active. At th• ti• of 

day when the mitotic activity 11 b19h then•• found to b4t very little 

dlffenmce ln th• ■ltotlc lndlcff between plant, •••pled. Those fixed 

at *' and l«~ hn. had th• lowe1t etandard devlatlon1 f thb 111tel"lal 

11 alao the at active. 

In the February (major) fixation u■pllng pei-lod the ,tandard 
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devlatlona er• calculated for the aitotlc indlce, of thl"ff plents per 

lnor fixation t e (Table 8 c). The ,tandard deviation ranged fl'OII 

;:3.37 to :,21.65 with aeven out of the 12 valun bet-.en ,!11,1 Ind 

+14.68. Thue, the 1totlc act1v1ty of plant• flxed at the aa t tlae -
of day varies considerably ln coat c '"• However, even thOUfh the 

atandard deviations are blgh, they are approxlutely equal (t1blt 8 d), 

hence e c011parl1on of the itotlc index acro,a flxatlon ti•• 11 

legitimate. Two of the low•st atandard deviation• are found et two of 

the four peaka of ialtot1c activity (Tablff 8 c & d)t a •l•1lar trend 

to the July dau, when the v•rlatlon ln ■ltotlc actlvlty between plants 

la aull hen the material lt actively dlvldlng. 

The aitotlc activity fluetuatu throughout th• 24 hour 

period ••apled I the •ltotlc lndlcea nnge frort 49" to 1," (Table a c d). 

There are four tl••• of day wen tb1 ltotlc lndex 1• higher than 

than found at the oth•~ eight flxatton tl es but then 1• no 

,tatlstlcal al nlflcanc• at the~ level ln thla data. Neverthelnt 

definite paak1 of •ltotlc activity an pnaent (Flg. 3), 

Because of the poasib111ty of lncnased mitotic index juat 

before emergence nd Just after au • ence (Famer & Willi~• (1898) 

plants era fixed t houzly and hourly int rvala respectively at 

these tiaee of tide. The fou% half-hour interval ftxatton1, frottt 

1730 to 1900 hra., ~•vealed a steady at t• in mototlc activity 

(Table 6 d) w1th no fluctuation 1110n than 5% (ranging bet fff\ 61.63% 

and 66.~%). Thia pllt .. u 1n 11ltotlc ect1vlty. la unique ln thla 

jor fixation sequence. Two,. posdbly three, of the envlnnaentel 

condltlona changed betWMR 1.730 and 1910 hn. The sunset at 174 hn., 
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l~ alnut" after the flnt ~f thl1 series of 11.aplet as taken and 

the plant• had Mel\ ... 1'9td for i hour when tht fourth tuple w.ta 

flxtd, 1910 hn. The taper.atun dropped froa 8.00C • .o0c. None 

of th••• ecologic.l wngn 1..-.d to have an effect on the altoilc 

index of the 12 plant• aapl d, ( 19. 3). 

One of the higher peaks f llitotlc activity occurred while 

the plant, were erged and had !Men _..rged for a period of about 

three hour. Th l est trough CIN lesa than an hour later, the 

plant h vlng been rged fr al.moat foux- houn. The flooding tld• 

covered the pl nta at 2200 hn. and by 2230 hn. the llltotlc lndex had 

started n upward trend which by 2330 hn. had reached the hlghnt 

value int• entln ujor fixation tl••• Ont plant at this hour had 

a •1tot1c index of 90.99% (t,~l• 8 c). 

a1gn1flcant dec:n••• ln aitotic index ocaurre at 1100 hn. 

when th• plants had been 1u erged for 13 hours. Th hi heat Ude of 

the day took place t 1150 hn. eo et th1a lnor fixation ti• the 

plants w re covered wltb •• tn feet of water ~h1ch 11 al st the 

ex1anm ount for the ntin tidal r 1 (Fig. 3). 

The st outstanding feature of the two 1tt1 of data lt 

th occurrence of the 1tot1cally ectlv• and lnactlve periods at th• 

tUte tl • of day (Fig.~). They both ahow • low 1tot1c index juat 

after idnlght and another 1t 1100 hrs., or lat• ornln. The high 

1tot1c indices occurred abut l'lid ming, 0800 hn,, 1th a second 

p kin 1totic actlvlty in the early afternoon. The co1nc1dtnt 

fluctuations took plece in_ • .1!I!! despite very dbaladlar ecological 

conditions. Seven months separated the two collectlon ti••• (July and 
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February), these collections were made at different locations and 

the meterological and oceanographic conditions differed. Since little 

work has been don on the influence or environmental conditions in 

nature upon Dtitosis in plants (Winter, 1929 and Farmer and Williams, 

1898) a brief consideration of the ecological conditions to which 

Ra. lAtJ. vas subject at the times of 0800, 1100 and 1400 hrs., (the 

times of similar mitotic activity) in both seasons is pertinent. The 

temperature of the water in February was 9°0 while in July it was 

13°0. The light period in July was 15.17 hours while in February it 

was 10.40 hours, therefore at 0800 hours the sun bad been up three 

hours longer in July than at the same time in February. The plants 

collected at 0800 hrs. (a peak) in February had been submerged for 

about ten hours and were covered with five teet of water while those 

collected at the same time in July had been emerged for two hours. 

At llOO bra. (low activity) the plants in February were covered with 

seven feet of water and had been submerged for 13 hours whilst in 

July these bad been submerged for about an hour and had about one 

foot or water over them. The July plants at 1400 hrs. (a peak) had 

been submerged for tour hours and were under four teat or water whilst 

in February they were subjected to the ebbing tide, bad be n ubmerged 

tor 16 hours and were covered with about three feet ot water. 

In these data the ecological conditions of tides (emergence, 

submergence and depth of water covering the plants), temperature ot 

the water and meterology aeem to have little etreot on mitotic 

periodicity. 
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The high rate of mitotic activity while the plants were 

emerged waa surprising, especially vhen, in each oaee, they had been 

emerged for two hours or more. The authors felt that desiccation at 

low tide would result in a decrease or mitotic activity in intertidal 

algae. The explanation may be that the plants vere emerged at a 

time of day (early mornin and evening) when very little desiccation 

of the plant would take pl ace. 

A feature of the distribution of activity in ~ larix is 

the sudden decrease in mitotic activity after a period of incre sed 

divisions (Fig. 4). The only time there was levelling of mitotic 

activity was between 1700 and 1910 hrs. (February data Fig. J) when 

there was a fluctu tion of no more than 5% for two hours. 

Despite the lea complete data for July, it appears that 

mitotic activity is low but very variable in the July material and 

high but more steady in the February matarial. From Fig. 4 it is 

clear that one peak of activity in the July material is higher than 

aey of the February values but soon d creases to-a lower value 

than any of the F bruary values. Furthermore, the standard 

deviations for values taken in February were much higher than those 

of July and this, together with a lack of significance (5% level) 

between the peaks and troughs in February, indicate a trend towards 

more uniform aotivity in cell division throughout the 24 hour period 

in February. 

The data suggests a parallelity of mitotic rhythm within the 

24 hour period both at July and February, but with a greater amplitude 
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r period than 1n the winter p rlod. lthough the curvff 

r for data t ken fr ,lightly diff•rent Ud l cyclea l t hae already 

been sugg•ated ( ge 2~) tat tid l rhyth y not b of prime 

1 portance, ho ever if es1ccat1on ls a factor influ ftclng cell 

divbion at 1 a t in the s r period, one would expect a gnatei-

lncldence of itosit during ne p tide,. Furthermore s-. untreated 

d t on terl l fixed through a spring tide sequence ln July •v• 

n roua . Uotlc dS.vblons just after the plants were covered by the 

flood tide, whilst ateriel collected at lo water gave very few 

dlvl11ons nd throughout this fix tion • quence ivi tons were 

relatively infrequent. 

The suggestion tat mltot1c activity and growth, 1naof ~ •• 

th latter 1• r l ted to the fo er (Sorokin 196~), ls IIK>re tnt nae nd 

110re evenly spread or eondatant throughout th 24 hour period during 

the winter uy b4t supported by general ecological observation,. 

Clffrly -• lapx is subjected to desiccating influenc • from April to 

September (Sc gel 1961 19til) due to 1t1 low r mid•tnterttdal 

loe4tlon and daytlae low water period,. 

Although, a mentioned, itotlc p r1odicity My exist ln 

!!• ..!.!Ill, t h r i no sign cf mitotic synchrony. Cell synchrony, e 

1totlc periodicity• er all tho c 111 en in th • stage of 

1tosls at any given tie, a found I rly •• 19~2 (Aach) end t .. tya 

,il .l (19~3) in cultures of 2 • · ttlngly (1966) review works 

on induced synchrony in the roots of higher pl nts using fiv ino• 

uracil. Lpvlle (1964), rk1ng on Ulva in Fpyn culture edl , ,hoed 

that this pl nt produced coapl•t• synchrony ln cell d1v1 ion ev ry night. 
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ynchl'Ofty of cell dlvlalon ln both unicellular and aultlcellular 

org1nl1U can be brought about by varying the culture condltlont 1ucb 

•• llght and tllll)eratun. In !• larla, during period• of 1ncr ... ed 

alt tic activity every ph11e of ■ltosb waa found and at no tiH 

were 111 the cell• ln one pha1e. The cell• ln the not, of Alllp 

£12! enter dlvlalon 1ynchronou1ly in the ton of waves (1.aughlln 1919), 

but Hugh•• (1952) c1•1•• the latter la not typical, lf ltotic 

perlodlclty exlat, 1n aultlollular orvan1 .. , lt 1• typical to flnd 

grpter proportlona of cell, dividing at ~rt•ln ,1 ... , at other 

t1'aff alto1l1 will be found but to a leaser degree. 

From th• .nault• of the pre1en.t rk it la toaewhat 

1urprl1ln9 that Bvana (1962) • worklr19 with apeclu of fucy1. dld not 

find, at least• 1ea1on1l difference 1n aitotlc actlvtty evtn thOutb 

a rhythll bated upon a 24 hour cycle waa not evident. The latter 

work••• canted out betWffft July 1960 and April 1961, • period ln 

whlch envll'Gftltental condltlont would have been changing l»oth diurnally 

and over the aea,onal perlodi however, no lnfluenc• upon cell dlvlslon 

could be det"ttd. Th••• result• •r• ~ontrary to those of Faner 

and wuu... (la ) • ho used a boat and • cutting lnttruaent to 

11 pl• plant, of Fys;ua fr• their 1n .tUll posltlon1 • their utttlal 

nvffled an lncnaaed •ltotlc activity with the flood tide. Evans, 

on the other hand, 1u1pendecl bl• pltnt, on an undetcrlbed pulley 

apparatus and could ... rge .-•ple and r"u •iv• the plant, ngardl••• 

of the atate of the tlde. f'ul'tbenon he ... ,ured f ronda over • 16 

day period during which they lncnaaed ln length froe betWHR 0.3$ ca. 

to l. ~ ca. wlth no fluctuatlona ln the n~r of dividing cell•• It 

would have been useful lf a coaparlaon could have been ude between 
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thne data and tho•• fa tlallar 16 day perlod when• different 

rate of growth could be naaonably a11uaed. Evant did not glv• bla 

aethods for quantltatlve eatlutlon of •ltotlc activity and lt 11 tbe 

prnent authors experience that the litter ay be ••Illy overlooked 

without the proper precautlona. Moreover the otea1 plants on the 

pulley arr ng ent wen not 1trlctly !D .!IW, although lt 11 dlfflcult 

to I e why thia ahould have the effect of levelling up any dlfferencn 

ln •1tot1c activity. Since lt 11 generally supposed that upshon 

Phaeophytea such•• Pelveti1 and Fucya. uy be phyalologlcally adapt-1 

to withstand des1ecatlon th••• plant, y be typical wltb ~•rd to 

environ ental lnfluencn upon cell dlvlalon. Howwer, Winter (1929), 

•"•ur1ng root• of Ql•diolus •PP• found tb t they lncrea,ed 9 ca. ln 

lqth in alx daya but no perlodlclty of cell dlvlalcn was found and at 

no tl was there aon than ~ of the eella d1vld1ng. Call dlvlslona 

ln Fucya ay nslllble Gladlolu1 and divide et• low but ateady rate. 

A mitotic perlodlclty unaffected by obvlou1 envlronaenul 

conditions appean to occur in !• l•dl• The pulodlclty •• 

remarkably draUar th ln febsvary and Jilly even though photoperiod, 

temperature and tidal facton wen all dl111a111r, auggHtlng tbe 

presence of • clrctdlan rhyth• 1n cell dlvlalon. Thia 11 lng 

lnvestlgat d further by cultu•l work under controlled tnYl1t:1•111tel 

c dl tlona together with tho b uploratlOft of i• ltdl flud 

through spring and nffp tldal period• for 1111ch of the year. other 

1peciea fro high ahor• and low thon ••well•• aubtldal h&bltata 

have been ,elected and are at prHent belng 1nvut1gattct. Any 

rhyt ln •ltotlc actlvlty correlated with condltlona attendtnt 

to tidal rhyt will, lt 11 th ughte becOllt clffnr with exttnalon 
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ot the work in this vq. Furthermore the preaent data are being 

proce1aed to extract inf'ormation with regard to mitotic rate and atage 

index. 
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T LE 1. 

Specl•• involved ln thl1 prograa and their ntpectlve vertical po11tlon, ••Pl'Hltd 

•• fNt above or below tldal datua lev.l. 

•> Nontldal pool 

Speclea 

c,,.,,. 
CrYD$211Rb9!!11 

!ftodU 

~~2Sl•!i&• 
PMDCfS• 

Halo1•,1:l20 
111ng11op1 
Layren,l• 
•mtabllla 

Ml1rocla!jl! 
BD!UI 

~eotb•ll• 
1.1ocso•• 
9!amib !l• 
1••b&noton\,a111 
Porphxr• •P• 

~•mlRbmi• 
blplnnata 
Rh5!S!011!!• 
l•r&1 

b) Tldel pool 

Location of 
tidal pool 

A1hlee Bay 

Pon Renfnw 

Port Renfnw 

Hl9he1t Moat i.o.,at 
level abundant 

4'7" •• 1" 

*<4'0" 3'6 .. 

6'1" 4•9• 

4•1ir· 4'3'" 

not prnent 

not pn1ent 

6•10" 

Location 
above ,ea 

level 

... 1" 

4'7" 

level 

3•7• 

3'010 

2'9" 

3'1" 

3• 7." 

* ••tluted level 

SHORE LEV£ 1. 

Breakwater AahlH Bay 

Hlgh .. t Moat Lownt HlghHt Moat Loweat 
level abw\dant level lewl abundant level 

3'3" 3• *10" 

7'6" '11" 6'0" 3'4"' 

not pnatnt 2' 10" 7" 1 .. 

2" o.o •9" not preaeftt 

*l' 2" 

2" •3' •3'3" not present 

7'6 .. 

6'6" *3' 3'3"? not pnaent 

3' 2" 2•~" l' 2' 10" 2'10" 2'0" 

Endocl11da flhOdo!tlt 
11111 

Cryptoelph19\a 
ffldll 

X X 

X • 



I 

°' (V) 

I 

TABLE 2. 

eo.p&rlsan of two aethoda of quantitative det•mlnatlon of the altotlc lndex of one -.,ash. 

(The 111nlaua area for quantlatlve estlutloo was arrived at in two ways• 

A - by counting the eotire area of the aquaah field by field; 

B - by countlag n ve ra fl~ldss their respective aitotlc 1ndlc•• •r• ftlllarkably sl■Uar. 

The point counting lattice•• used throughout.) 

lnterpha1e Prophase Met1phaae Anaphas• Telophas• Total lo. Total No. 
Early Mld Late of Cells of Dlvldiag 

Countd Call! 

A 3,149 2.m 849 86 66 17 tt23' 7,330 -t,181 

B 34 2~ 9 8 76 42 

• SM disousslon P• 12. 

Mitotic 
Index 

!>7.04% 

52. 



SNSOl'l 
of 

fixation 

f ebruuy 

July 

TMlLE 3. 

riaon of llitotie counts iude during .. active" and t•tn.active .. period& ln .July and February. 

•r• of nuclei in each mitotic phase an given for two "activeM and two "inactive~ periods in 

ebruHy. Since only one active period occurs ln July thls 11 gi•en along with one inactive 

period. (Text fi9. 4) ). 

,wount Tl• . PHASES Of JilITOSl§ Total No • 
of of Inte%phaae Prooh~il Meuphaae Anaphase Telopha.se of Cells 

l,ctlvity Day Early Mld Late Counted 

Active 2330 hn. ~ 843 239 21 11 0 1 1.490 

074=, hrs. 427 82' 183 34 14 3 7 1.493 

Inactive 1100 hrs. 696 660 '!J7 10 11 5 0 1,439 

21-10 nn. ~ 3 631 91 2 14' 0 0 1,491 

ctlve 084~ hrs. 217 648 264 24 1!> 1 15 1.194 

Inactive 1100 bra. 768 471 39 13 10 1 7 1,309 

"" 

Total Bo. 
of Dividing 

Cella I 
.Cs 
0 
I 

1,11, 

1,066 

743 

738 

967 

541 
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TABLE•• 

A coapar11on of the 1totlc indlc • of the ultimate nd penult1 te 

500 aicrona of tlasue f:rom the same r inulua t ch 1nor fix tton ti•• 

Flxatlon 
SNIOft 

July 

July 

July 

July 

July 

July 

July 

July 

TABLE • 

Minor Pixatlon 
r1 .. 

0500 bra. 

0!»00 hrs. 

084!; hrs. 

OM, hre. 

08,4 hr■ • 

1100 hra. 

1100 bra. 

1430 hn, 

1tot1c Index of 
Ultimate~ u 

7 . 21 

~.3!> 

5.71 

84.34 

80.24 

46.32 

~3.13 

2.38 

Mitotic lta ex f 
enultl te 500 u 

82.20 

71.13 

94.38 

2.60 

71,11 

33.98 

47.00 

74. 

The mitotic indicea of the penult1mat 500 microns of ruwli of 

different lengths t ken from the 1aate plant. 

flxatlon Minor fixation Length of Rallulus 
SNaOft Tine 1.~ 2.0 lllll 2.!> 

Fe ,uary 2030 hrs. 7!>.81 10.66 63.41 

February 2030 hn. 69.3~ 15.00 86.29 

February 2330 hn e 66.39 6~.8~ 81.80 

Febrvary 141!> hr• 74.17 83.9~ 73.72 

FebNary l•l~ hrs. ~.63 66.66 4.27 

febru 'rt 1730 hra. 80.00 ~7.6~ 81.1!> 
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T LE 6. 

Coaperlaon of •ltotlc indlcea of aiallar tl11ue Uken fro11 

plant, of different lengths and p~•• bly age. 

(E~ch value 11 a en of the itotlc indieta of penultimate 

!)00 aier n, of four at ilar ramuli f one plant .) 

length of Thalli Fix tlon Tlme 
of Month & Day 2.0 c:11 3.0 4.0 era 

February 2140 hrs. ~1.26 J0.52 66.31 

F bruary 2230 hrs. 68. l 79.74 6 • 

February 074~ bra. 88.28 oa.11 61.CM 

July 0030 hn. 36.•U ~2.91 82.93 

July 0500 hre. ~.28 22.06 48.~6 
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T LE 7. 

Range of mitotic lndex exhibited y the penulti te ~ •icrons 

of raaauli fl'OII th•• • plant. 

(The d ta••• cboaen at rand froa terlal already procest 

quantitatively. It can be I n that there i very little var1ation 

ln llitotlc index in r 11 from t he• e plant.) 

Seaaon Minor Fixation 
ri 

Plant 
Mitotic index of 4 ra 11 

from on• plant 
1 2 3 4 

Febru ry 20JO hrs. l 75.81. 6J. l 70.61 73.98 

Febru ry 2140 hrs. 2 J0.6~ J0.40 J.60 27.42 

February 2230 hn. 3 60.Jl 63.28 53.60 6~.04 

Febnaary 2-430 hn. 4 6 .a .39 . 57 1.60 

Fetmaary 0030 hn. 34.43 3 .61 27. 20 41.60 

February 141!> hr&. 6 84. 7 85.90 93.40 80.90 



I 
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TABLE 8. 

St1tl1tleal data for the July tnd f ruary io.J.lb flxatlon,. 

a) July fixation data 1howlng the tl• of day the plant• 

wen flxed, the altotle index ••n tor .. eh plant and the 

atandard devlatlon for .. eh fixation tl ... 

flxatlon 
Tl• 

0100 hn. 

O~hn. 

OM, hn. 

1100 hn. 

l.t4~ hn. 

Mltotle lndex 
per plant 

pet' fixation tl• 

1. 62.93 
2. ~3.91 
3 .. 37.41 

1. 7~.13 
2. ~.12 
3. 70.24 

1. 7~.71 
2. 83.7 
3. 11.,2 

1. ,J.34 
2. 41.,3 
3. 32.82 

1. 63.37 
2. 74.~ 
3. 68.36 

Standal'd Devlatlona 
for 3 plant, 

per flxatlon ti•• 

!12.94 

+ 8.20 -
! ,.eo 

,tl0.20 

.t ~.,1 
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TAB 8 

b) July fixation data, showing the mean values for three plants 

per fixation time and its r nk in relationship to other fixation 

time. Statistical significance betwoen means nt tho 5% 

significanco level 1s shown. 

Time of Day 

llOO hrs. 

0100 hrs. 

0500 hrs. 

1445 hrs. 

2045 hrs. 

,·Ii totic Index 
per Fixation Time 
{Throe-Plant Me ) 

42. 56 

51.42 

68.16 

68.75 

82. 67 

a 

b c 

be 

C • 

* thos followed by the same letter are not significantly different 

at the 5% lev l . 
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T LE 8. 

c) February flxatlon data sbowlng the tl• of day the 

plant, wen flictd, the altot1e index aean for ffCh plant 

and the atandeld devlatton for ffCh f1x•t1on ti ... 

Mitotic Index 
Fixation Tl• per Plant Standard o.vt.atlon 

per Fixation Tl• p•r flxatlon Tl• 

2030 hn. 1. 70.96 ! 3.37 
2. 77.26 
3. 76.20 

2UOhn. 1. 66.31 _11.91 
2. ~1.26 
3. JO. 2 

2230 hn. 1. 60.~ ! 9.63 
2. 19.1.-
l . 68.63 

2330 hn. 1. 6t.s, !13.91 
2'• 64.76 
3. 90.99 

0030 hn. 1. 34.21 !21.6, 
2. 73.04 
3. 10.22 

07-4~ hn. 1. 61.04 !144.68 
2. 6,,11 
3. 88.28 

1100 hne 1. 69.48 !11.18 
2. 39.10 
3. ~."6 

141~ hn. 1. 74.40 !12.91 
2. 60.48 
3. 16.28 

1730 hn. 1. 73.78 !12.90 
2. 69.18 
3. 49.48 

1800 hn. 1. 63,18 ~ ,.o& 
2. ~~.98 
3. 6~.72 

1830 hne 1. ~.47 !12.22 
2'• 60.~ 
3. 80.60 

1910 hn. 1. 56.~1 ;:12.n 
2. 79.87 
3. ~.27 
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TI\BLE • 

d) Februaz,y fixation dau, ahowln the an value fo• thr • 

plant• per flxat1on tl•• and lt1 rank ln relation tooth r 

flxatlon tl■ff. Lack of atatlatlcal algnlf1cance between 

.. an, at the~ 1ignlflcance level 11 1bown. 

Tl• of Day 

2140 hn. 

1100 hrs. 

0030 bra. 

1800 hn. 

1730 hn. 

1900 bn. 

1 30 hn. 

2230 hn. 

08A~bn. 

141~ hn. 

2030 hn. 

2330 hn. • 

Mltotlc Index • 
per fldtlon Tl• 
(Thr.-Plant•Mean) 

49.36 

51.68 

59.16 

61.63 

64.l 

6~.2~ 

66.'4 

69.64 

71.~ 

73.72 

74. 1 

7~.20 

* Ho 1tatlat.lcal 1lgnlt1c: nee etween th• 

tna at the ' l vel. 



Halosoccion glondiforme 

Ceromium sp 

Cryptosiphonio sp 

OJonthalia floccosa 

laurencia sp 

O . washing ton iens is 
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• · ... 

Endocladio sp 

Porphyro sp 
Pterosi phonio sp 

Rhodomelo sp 

23,456 7 8 9 

' .. • 
Fig . 1 Verti sal distribution, on the three shore stations on 

Southern Vancouver I ~lan~, of the in ertidal red al ae selected 

for this proorammP ( tidal pool sp r. iPs are excluded) . , Port 

Renfrew ; , breakwat.Pr: , Ashl ee Fay ; • • •••• , estimated 

dist~ibu ion. 
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Fig . 4 Compa rison of t ne is ribut ion of mi t otic indic e~ fo r J uly 

and February . 



Fl9. 1 

Flg. 2 

P T 1 

A 9roup f odel! l r&x (1 er left of photo) :rktd y 

A peg which h•• t "1pore coll ctln pl•t••" atuc ed. (x1/2 ) 

Pl8nt of oael• -l•ri to abow to of plant, • of 

branc ing d dlff•r _ t bed un ranc ed 11terell or 

r 11. t the• ex these r ul1 ,r clu1tered lnto • cup 

or cupule whlch rotect the inner yo nger r• ult. Young 

r 11 ase 11 hter ln color and eplp ytea upon• • of 

th• can be'"" aa dark patch s. 
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PLATE 11 

Illuatratlona of typ1cal mitotic figure• ln ••ri•t-tlc 

nglone of li£ lar1x loyed in th1a qu•ntitatlv• .on. fi9uns 4 

and, are both late pnJ>M•• •nd p:rometaphase (flg. 6) dB incorporeted 

ln the plate but was not used for counting purpoa••• (X3000) 

fig. l 

F19. 2 

fl9. 3 

flg. ◄ 

P19. ~ 

flg. 6 

fl9. 7 

ftg. 8 

fig. 9 

interpha••• 

Nrl y propha••• 

llld pnpha1e. 

late proph••• ln a l•rg• c•ll. 

lat• propbaat ln • aull cell. 

pl'Olletapha••• 

tNtaph•••• 

early anepha•• fi.iure -1th •n lnterphaee nucleus close by. 

telophaa• flgun wlth an 1nt•l'Ph••• nucleua clo•• by. 
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PLAT£ III 

fig. l-4 Comparison of nU11Nra of divldlng nuclei seen ln typical 

1qu1shea ude at p•r1oda of high and low 111totic activity 

1n both a\aller and •later collection sequences. 

Arrows indlcat• dividing nuclei. (X500) 

Fl9. 1~2 are f1elda of sunner active and inactive terlal respectively. 

flg. 3&4 •n fields of winter active and 1Mctlve material respectively. 

The bigh percentage of dividing nuclei in fig. 1 & 2 contraat 

with low percentage activity in fig. 2 4. The highest activity can 

be ••en ln wlnter active material hllst the sumer active teritl 

h~s a louer propo~tlon of dividing nuclei. 





Flg. 2 

P TE IV 

Close u of eplcal cluster r cupule 

the outer re 11 ved in o er to • 

lch hit ad I e of 

iMer aUer 

r••u11. Epiphytes in the older r 11 AN clearly••• (E). 

The ac•l• tot• r1 ht 11 rked in • 

A ser1" of r 11 f lfferent lengths, t • first to 

froat the lMH' and the 3 f th• outer part of the apical 

C p Utt •• 

Eplp yt .. can 

an fro variou potitlona belo the apex, 

Her\ t e latter thNt, scale ln • 
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MUOTl P OJI Cl TY I 

IN SITU -- CERTAl 



INT 

t e Mou, paper of thla aerlft lt wltb aspect• f the 

aitotic periodicity of ..aar.;.;;;:.:.aai.a. l•til (Turner) c. g rd • a aid• 

l ert1dal alga f North .. ,t Paclflc 1hores. The plants uaed 

wen collected froa par•t• locations tn the ta of July and 

fenuary, and wen tbua subject to quite different ocea ographlc and 

terol~ical conditions. A statlstically slgnlflca t .,_rlodlclty ln 

c•ll divisloa a found 1n July nd evidence was ala 1v n fa 

ur ed periodicity ln feb ry but there •• Uttl indication that 

tidal rhyt 1nflu eed tb.e tla of y at ich cell divition took 

place in th • collec 1 1 f ~ 1 lll• 

Intertidal organl&a exhibit varl a rhythu hlch have been 

rel• ed, directly or l tnctly, to tidal reglaes. Certain p yslologlcal 

aQd vloural rhyt of urine invert ntea have been aho to be 

auoclated closely wlth tldal pattems, the latter aoaetl a functioning 

•• th• •xternal aynch lzer 1n c••• of endogenous rhyt (Rao 

19~1 ett 1 ~, 1 el'IUn l ~) and certain rbyt found in urine 

algae have been correlated to tidal regi •• Sp cl• of Euglent and 

dlatoaa exhibit an tndogenoua rbyt ln th•lr v•rtlcal migntlo 

thr sedl t aurfacn ( d and Pal .. r l ). A diurnal and 

lunar endogenous rhytha of oxygen con tlon ln • species of __ 

(B et •11~). •• ell aa the 11hratlon of reproductive tNcturea 

l variou1 ot er lntertldal aeaWffda have been linked to tidal reglcta. 

(Page and Klntshury 1 J Vl.tlbaben l963t Smith 19471 Hoyt 1927). 



furthenon Mloala, 1n e.rtaln 1peciff of green algae, ha1 bfln 

bserved to be affected by envlronaental c dltlona connected, 

dlnctly or indirectly, to tidal cond1tlona. frl , (1963) co~relatecl 

distribution of 1exu.l plant, of Pt alol• 1tlplt•t «1th th ,,_~lodlcity 

of ter cover the plants received, ln that the latter gov rned the 

incld ce of 10111. In addition Thl1dtn1 and Zeutb n (1967) aho ed 

that in cvltur.d plants of !!lx!. utabllls (•11 n er~), cell division 

••• tranafo f pN1 ptive aitosls to pNI tlv• iosia by 

ehenglng the nutrient content of the culture edi•• 

The p ttem of dally altotlc indlcte observ~ by the pnaent 

authors' __ an 1nvHt1gation lnto t • 

karyoklnetlc p ttem of supra-littoral speci , Porphyp lane l•ta 

( tc 11 nd Hua) G. w. S th. Though the plant 1• economicelly 

(I 1k1 19651 Tseng and Cha 19M), very little d ailed 

cytol ical • ork a b e&rd d out on it or upon other members of 

t • lace e, ( ixon 1966). The worken that hav• studied 

cytol .;_A~'-t.d.:..h•uw,..,,.i.;., h vent carried out• critical atudy f tne 

incidence oft ryok1netlc figures corr lated itn nvi 

factors elt r 1n the 1 b or .tll!l• riahna rt. y (19)9), fixed 

Pgrphyta y 11\call• t unstated intervals tbrou t the Y• both 

1n the laboratory and in the field, and fo d that karyokineaia 

takes place at ny tlme of d y and light • not n ulred, fr cell 

dlv1ston flgur I were seen ln t,ri l fixed 1n the laboratory at 

2200 hours. Yabu and Toklda (196J), fixed___ go.nds at 

unst ted ti a of day 

f vats of s ter int 

nig t t t • ore locatl a 

lab r tory. Wlt!out stating 



particular houl' or tldal c tl yielded aon c;ell dlvlalon flgul'ft 

they aed further wort laboratory cultund apeclaen• of !a. 

and ?,. 2D2l• thenby lnfening that they found •n uclel ln Jta,yo­

kln•l• ln plants kept under lab condltlons than under 1!ll1SI 

condltlona. other rk•n (Fanei- and 1111 1 • and Rao 19M,) • 

lndlcate, but give no 1tatl1tlul evl ce, that lntertldal algae have 

• greater Ullbe~ of c•lla 1n karyoklneala charing periods f high tide 

and atate genenlly tbat tl •• and cell d1v1a1on an nlated phen ena. 

T present paper 1• • furthe-r atudy using tboda outllned ln pap r I 

of thla ••ri•• ( atin Pringle 1968) upon a plant wh1ch occun at a 

very different lnt•rtl l l tlon. A ze c let• r view oft• 

nl•• nt llt•~ tun la included 1n the previous paper. 



In to p nt •, was fixed under bot lab 

and f1 l C ditions.. nt& loyed occurr d, r 

d arc '7. f in xpos nd 1-expo e<l 

loc ion 0 ti 0g oint ictoria, • • e t 

jor fix ti n rte,, {i.e. t ov rall tw ty•f ur hour p rio in 

w le • planta •r fix ), N C rri out. escripticn of t 1 field 

station 1s ~iv ninth previous ~Pr oft la ••riff. l nts · re 

fixed every t t,ours, ( lnor flxati n t1 ) , for a t ty-four our 

period on ove r 2• , l 7 nd J nua.ry 12•1 , l and at t t1 • 

cert in envir n nt•l c nditi • ere also recorded. In conjuncti n w th 

~ e J nuary rie plant, re placed under various 

cultu conditi • in the b ora ory ~md fixation• de in p rtial 

synchrony with field fix ti • 

Te plants ere c ltured in• circulati a1lt tray t 

in 10 g llon plexiglass utri 1ic1 wer plac din a 11 l i t­

f plywo , 8' x 'x ' nd 

divid d into two c per enta, e ch iog suppli wit1 ter and 

light. The banks of li9hts re connected to ti 1ng ae 

to give on c 111 lnati n nd t oti ran 

lt m ting photo r1 • lhe ter flo uffici nt to effec 

circulation y t al w nought intain tne plants in one loc tion. 

Plants en at.er d for cultur Jan ary 11, l f 

pr ci ely t • • ~-1ity tis those fixed .l!l !ll!!, aftd ra potted 



ln bucket.a of affwater trhich. kept th cloee to the sea tempenture 

until placed ln the culture challbe:r in the laboratoiy soae l~ llim.atn 

later. In an attapt to explor• wnlcht lf any. of tbe ,~•• envl.ron-

ental pe~ en l fluenced tot.le tnddence ln f.s. l•nsts&ata th 

plants en cultund under conditions of constant 1\lblen10A with 

both const,nt and altemating photop•r1od1 and constant ereenion wlth 

conatant photoperiod. T • constant 111\lllinet!on ~• initiated at 

2000 hi- • J nuary U, but the plant.a exposed to the altemattnv Ugbt 

conditions did not ncelve light until 093.0 h:n. January 12 end wen 

given an 8/16 U9ht/dark photope.riod. The planta under laboratory 

condi tiona · re f bed every two hours for twenty-four houn beglnnlnt 

at 0830. Jan.u.ry 12. 

Slllulat1Clft of low tide waa effecttd by arr•nglng plart1:s upon 

an .... 1 pan laY1trted over the llOVth of a 91••• aquarlva flllttd with 

•••t-.enture 1eawate:r. the 1urface of the pan •• w.tted and 

-•1.•r waa .uowec1 to l'\11'1 conatantly around ine concave ri• of the 

pan though not Coalfli 1n dil':Kt COl\tect with th• plMta. Th ... 

--•urea •re taken ln o.rdei- to keep tbe t..,.nt.un of the -.ned 

plants oa the pan siail•• to that of tbe plant• 1ft the aqttarta 

(i.e. et, .. t111pe.ratun) and alao to ulntaln a hlgh and cen.stant 

huftlldUy. This apperatu, was ••t up in th• ch..,.., wblch •• 

aul>Jected to contlnuou 119bt nd at. 1730 nn., Janua,y 12, 3!) 

pl• ta were tr.ansfez-red fnia aqu.er11 under aucn CGUait1on1 and l1yed 

out flat on 1:be n.a-f•c• of the ._...1 pan. Thff• plants wen fixed 

every hour fJ'OII 1730 hn. untll ~30 hn •• J•nuuy 13 and th• 

nl1t.ive bullidlty waa ncol'ded. 
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It •• plaMed to c llect and fix plants shNltaneously in 

J!l!! and f lab condition• but. due to extremely stony s as, !o. !.!!!a. 

coll ctions ere not lnlt1ated until 1830 hn., Janu•ry 12, t houn 

bet ind the lab fixations but, synchronous two hourly fixations ere then 

c•rri out until 0600 hra. 

rin the coll cti ns and fixations various environm ntal 

para eteza ••re easured. Under the lab conditions light intensity 

and h ity were rec rded nly once as they were thought to be 

nlatively constant. In t e field• t pel.' ture and ttHlt pr.sence 

o:r ebsenc of ter around the plants were recorded at every ainoJ" 

fixati n period. Ctner environmental variable• were measured at 

appropx-1at.ed peri0ds1 light intensity during the ay and hu ldity 

at ti es when the plants were ened. Meterol0glcal 1nfol'llat1on 

including amounts of pr ipltation •nd ti• of tunrl•• end auns•t 

·ere obtained fr01'D published recording• (Anon 1967/68) 

Th• equl ent used for aonltodng enviroMiental c nditions en 

as f .U s. light intensity was recorded using a Kthlslco photometer 

end d1n9s ere convoi--ted to foot candletJ temperature vwaa measured 

by a rcury hand thezmometers pH of ·ater .as obt,ined uaing 

Rigo a color1 ter and relative humidity determine using a al1Ri 

psy ter unufactured by ~ekaler 1Mttum ts Corporation. 

The procedures of field 13"'f)l1ng throughout all tidal ph••·· 

together 1th aspects of fixing and storing f.:. l•aseol ta ere the 

aam as th t used and reported for & l!.J:1!, (Austin & Pzlngl• 1968). 

Each plant sampled was sketched 100 --•urt1Nnta of wldth and length 



we record d (Table 1). 

u n\1 tlve d t teined by 

ob erving cell fr rectangl of thallua /4 by ' d, using 

iris ci aon, fr v rloue 1 c tlona n t plant. occ r nee of 

rep uct1v et:ructuroa l nt coll.ct ln January •de it 

nee aa ry to r·91111'.nr• terlal at • 1fferent loeatlon f tho a 

l n a coll c 1n r. Throug •jor fixation 

p lod terial was f a out the s locatio on each 

or rs to n q n lt tiv on mitosi• in 

hi er pl nta kn pproxi tely l ti of t, riat t c 

ti su 1n th ir rticular pl n , (L nee 195 • J s d v ljian 

19~8). In n alg itt t ~------ (Fig. 1 and 

in art III t 1 • 4~-47) hic.h ls •11 ed to av diffus g owt , 1t 

1a lfflcult to••• cell division ls takinQ place et 

any lv ti • In an att t t a1certaln ere xl ura cellular 

dlvlsl n "eun ov tr plants etangles of c lla e ed 

1quashed and stained f v rlou locations plant• froa 

fixatl n peri •• This p 11m1nary expl ratlv end a ahlng 

did not yield any c lla t t tr• ln an obvious phaae of karyokin"l•• 

ever e blnucl te c 11• w , a ell•• p ln of cell• 

in cl • approx tio t ch oth r { art III, f1 • ~). The latter 

•r• 111l1lar to th• Q~~4 ~1abna rthy (19~9). 111 tr ted •• taving 

j t c leted cell dlvls1on ln L.~::.:.=~:.=.::.:.· r1 

of tbb typ f eell p1·11 t 11ld• y alo g t • J)tdpher~l rt1 
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of the th llua. It as thu1 ecided t aa let is ~rea in an te pt 

to 9 in data on itotlc periodicity in u. _1 ___ ...,__ ___ __ 

r ctan 1 

plants 

for cell 

ere r ved~ s ashed nd 1tain froa thrN 

r inor flx•tlon ti,e and ch equa1h as quickly c nn d 

in st I of keryokine ia. 11 divisi n w s fou d to b 

ctively kin place t c rtain ti I of d y this terial s 

very cattfully n lye for I ge of k ryokin ls. 

Te loc tin nd nu r of rectan les of tissue ed per 

pl nt, t th r pee iv jor fix tion p rio are illu trat din 

Fig. 1 A-. In ove er, four r ctangle of at rial pr plant ere 

r oved fr t pl nts pr inor fixation ti {fig. l ). ig. 1 B 

o s nere ateri l s in n a tive 

cell division in J nuary fi ld terial. The nu r of plant and 

r ctangl of tnallu sa pled re • • • a in Nov r, and in 

ddition from th • e jor f!x•tion period four rectangles •r• 

r the r roductivo a (Fig. l 0) of on plant r,.r tnor 

fix t'ion ch laboHtory experi ent two plants per 

1nor flx tlon pert 

r ov d f 

rectangles per pl nt re 

e nst nt light (Fig. l 

photop riod. 

tan les of aterl 1 · re 

in Fig. 1 c. E and F. Seven 

ov fr lants under c 1t1 • of 

) an fiv fr t •• under the alternating 

teri l oved g st ined following tho proce ure of 

ustin (19~9), ,'1 h I lnor 1f1catlons. Th l tter together 

it detailed a ecta of nuel r cytology end photomlc.r rapny 111 



t • squashed and stained preparations we~ •ampled qu ntit•t1v•1Y 

U1ln9, in at caaes. ·the ttthod developed for ea pUng 1c;uashea of .:i.&. 

l•tlX• ( ,uatln a. Pringle 19t,8). Ftve leroseope (high power) fields 

par squas1 and 25 cella per field were examined, each cell b1tlng placed 

in one of the nine dbtinet phases ot 11itosb delialted for thb work, 

(Part I II, fig. 7•.,!'>) • 

1tot1c indices for ch plant and each inor flxat1on time 

in the ov er terlal wen dete:rm1ned by the method developed for 

.!la. latlx ( uttin Pringle 1968) usin three rectangles per plant. 

In the J a uary fi ld and culture t rial the 1tot1c index for 

r ct~ngl•• n red to, three and four of e ci plant ere dettmined. 

The at peJ'ipheral rectangle r oved fr the thallu was hcard•d• 

These values iere then totalled and averaged to give a ltotic index 

for• ch plan. The 1tot1c 1nd1ce for the two plants•• led per 

•lnor flxa•ion eN then totalled and averaged o 91" a minor fixetion 

period 111totic index. ln tabla. 9, 11, 14 end 15 the plant mitotic 

index w.a derived by countlnig cells from rect•nglff two, tbrN and 

f ur only. en necessary the quantltatlve dete --ere treated statlltl• 

cally using an analysis of variance and then the ti-eataent llfffta wen 

:r nlted and significance at the five perc-ent level was dtmonatratlltd 

us1ng e n•s N · Multiple Rang• Method, (Ll, 1964). 



AND R§SULTS 

Structuns whlch wen pl'Obtbly Npl'Oductlve ln natuze wen 

found ln a few plant, 1n .,.,...,.:r ( Part I I I of tbnla) but tile 

c ncteristlc alp lndlcatlng the pnaence of rep 

atNCtuns wen not nadlly lou1. 4Wff, ln January aoae lants 

bad an obvlou, cnaay whlt• edge (Part II I, f19. 4'6) w lcb conalated of 

packets of (3 1poru. Other plants (Part I I I, fl9. 47) dld ftOt conU1n 

th••• packet, of apons nor pos1e11 the obvious blt• rder, t 

did have larger repnductlv• 1t1\1Cturn •hicb uy be• 1t19e of• 

spore fozutlon (Conway 1964 and 1967, Edelstein and McLa\lChlln 1966). 

Then an ot er obvlou. dlff•renc• bet ... n the plants that 9lve 

a-lie to f5 apona and th •• tut glve rlae to -c apons but detail, 

of thla wlll be publl1hed ela~re. 

The lltentun available on the detailed proceea of ■ltoa11 

in urine •cl'Ol,coplc nd algae la very ltlllt.ed (Olxon 1966) d alt b 

van • autbon ( lfe 1904, Mull• y 1~2, Yabu and Ka • 1m, 

Auatln 19'6 1960, and Magne 1964), have ahawn certain pbasn of 

alt au in genera of nd al91e author baa ,.,.t ... tlcally outlined 

and Uluat ated, UllftV otoelcngrapba• all t • •tat• f alt u 
ln any •• apecl••• A few worken (Klto 1966, Ya and Toklda 1963, 

ri uurthy 19'9, lahlka 1921) 1 bave worked on various apecln 

of f21R m •nd, cOlltblnlng their l tupntetlona f altoala wltb that 

generally acctpted f: r other oxganiama (GnndMM 1966) 1 the present 

autb n• dellllited n1n• •••• of •Uosls fo !!.a. J!nc,olata and thff♦ 

are llluatrat4td ln Pa.rt In, fig. 27-~. A crttlcal detellllnatlon of 

• 10 • 
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•ltotlc phaan •• carried out for both diploid and haploid cella. 

Cytological detail will be included la• later paper but of lnt•rMt 

hen la the ext.nmely pJ"Olonged period M\WNft karyoklftolt •Cid 

cytokln .. la whlch accOUl\te fv the very long, lat ... t•lophl•• 1ta,.. 

(Fl9. 2). In thla pas-r for-•• of dllcuaslon only, the three phltff 

of propha1e will be nf•ned to•• th• •ea~ly-atage• of ta.ryokln•l•I 

plO!leu,haS•• •tapba••• anapheae and Nrly telopb••• wlll be nfernd 

to•• the ••tct-sta9e• and late telophase the •1ate-st•g•" of karyo­

ktn .. 1,. 

Mltotlc lndlcn, ,er •lnor flxatlon time, •n calculated 

for the •l•r flxatlon ptrlod of Nov.._r and •n ahom 1n Table 2. 

Two Mjor peak.a 1ft cell dlvlaloa wue prnent1 the flnt one at 1630 

hl't. la •d• up of t.be ""rly• aftd tald.-ttatff" of t1ryolltn .. 1s, the 

1econd at 0230 bn. conal1tln9 ulnly of tM late telophat• 1tap 

(fl9. 2). 

The quantttattve data ,ien tnated 1tatl1tlc1lly and fxoa 

T••l• 3 it, cu a MM t.hat the minor fixation .,.rlods can be 9~ 

lnto t~ cl••• .. of attotlc actlvtty which are slgnlflcant •t the 

five ,-zcent level. The 111tot1c 1Ad•x of Heh plant, per 111n I' 

fhatlon tlae, and the coneapondlng •t•ndlrd dffutlona an given 

1n Table 4. The 1tuldud devlatlons •r• extnmely low, thus then 

ls vea,, little dlffennce ln altotlc actlvlty betwffn plants at any one 

ainor flxat1on ttae. 
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or ta 13 consec11tive minor fixations made only two did not 

have pl ts 'With nuclei in late telophase, but the other phases of 

aryok:ineais were found only at specific times of day (Table 2 and 4). 

}'urthermore cells containing nuclei in prophase were not seen earlier 

in the day than 16JO, (Fig. 2), o.nd wore found in more cells at this 

time than at any other during the major fixation period, 9.42%, the 

peak beine st&tistically significant at the five percent level, (Table 

5). he propheae stages rapidly decreased in frequency from 1630 hrs. 

to 2230 1r~. when only one nucleus was recorded in prophase; a 

"minorn peak of nuclei in prophnse occurred at 0230. 'l'hus, under the 

in~ environmental conditions of November 2-3 (Table 8) karyokinesis 

was initiated sometime bet,.,een the hours of 1430 and 1630. The 1 mid­

ataga11 of karyoldneais were initially seen at the same minor fixation 

timo as the 11 early stage" (Table 2 and Fig. 2.) and the major peak 

in the former also occurred at 1630 hours and is statistically 

significant at the five percent level, (Table 6). The number of cells 

counted in 11mid-stage", when combined are vary similar to, but a 

little more than, the number found in the three stags of prophase 

and their minimum peaks occurred slightly later in the evening. 

Tho 1 to telopbasa stage of ke.ryokinesis appeared to have 

the longeat phase time of any of the k yo dnatic stages ( • ig. 2). 

The evidence for this is th t more nuclei were found in this stage 

than any of the other st ges of karyokinesis. The peak of nuclei in 

the late telopha~e stage is statistically aiBnificant at the five per­

cent level (Table 7). 
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During the period of ■4tq11entlal flxatlons ln tbls won 
certain v1 ental c dlUons re monitored, (Table 8, and ftg. 8). 

The plant ere n at the lnS.tlal collection of 0830 hn. and 

wen • ened bet "n 1030 and 1-430 hn. The t1de then needed 

resulting in nion again between 1630 • 0230 bn. t ffft 

th• llinor fixatl n tl " of 0430 and 30 hn. the plant■ wen not 

continually au rsed but wen occasionally covered by wavn. The 

plants ere subject to a ten r Ught per1 during which the 

119ht 1nten 1 ty varied throughout. The tNperatun of the alr • 

l r than th• water t at tl ... of • nion the plant■ wen 

aubjec:t to con lderably hlgber temperatures. elatlve ldlty 

n ed f 100'. heft the plant• ••re 1ubu19ed, to 64% at 22301 at 

1630 it aa 66%. T~ pH of th• n• ter •• nco ad only durlng 

tlllea of • ent and did n vary to any extent. 

Janvvx s,n,1 

The ,triking result• o talned wltn the Nov er 1Hter1al 

p ptttd anotbu !!l J..Uy ujor flxatlon ~rlod ln Ja ry nd ln an 

att t to discern w ich, lf any, of th• lr ntal facton 

initiated or aync 1zed c•ll d1v1a1 , the plants n placed under 

the laboratozy c di 1 1 1cribeJ earlier. 

The plant• collected ln January .. re thoug t to be l'lffl' the 

d of their growth ~rlod and po•••••ed prolific npfl>ductlve 

1tructun1 but it • felt thlt vegetative cell dlvlalon would very 

llk 1y be ta lng place at• locat1 the plant. Plents that 

poss 11ed ~ ,pores en c en, •• pnUalnary 1qua1h• revealed that 



cell d1v111 could found at any tl • of ay on the extr • outer 

edg ft t itt coloured are, (Part · fl. 46), ln all the plant, 

•• l d. 1nce quantitative ta on itoaia in vegetative cell• ere 

d 1 rectan ln of terl•l ere taken f jut nside t • 

ptrl he lly loc ted white strip (Fig. 1). lrH pl nte per •lnor 

fixation t e ere a pled int 11 ner and n cells tre observed 

wit nuclei in a stage of karyoklne1i1. Co I que tly, aeapllng of 

the ite reproductive tissue•• nece11 r, and e ecutive plec 

of terial, /4 x 2 ., wen ved fr t • extr • of the 

atrip in rd t • tht alddlt of the thallu to 11certaln if a 

tr nsltlonal or interc lary rlst tic zone, de up of v etativt 

cells and spor nglu, ot er cells, y b prt nt. If the latter 

tx11ted then 1ny •1 o le perlodiclty that liht have pnaent in 

th• veg• tive cells could po lbly be present en. 

T • four r-ectangl I of terlal r ved fro,a e Ja ry 

(shore) utertal (Fig. ID), reve•l a gradi tin then r of 

cells ~r pack•t f a proxiutely 1~ in rectan le 1 ( teiaoat) 

to aln 1• ctll• • d packets of 2, 3, nd 4 cells 1n r ctan-gle 4 

at). As 

calng aore 

•lnor fbatlo 

tctan l• 2 • 

11 • r ient in the mitotic indices was evl 

r ct nglea 2, 3• to 4 at• t 

• 1th t,e exc ti of t 1630 and 2030 ou~s. 

• k4ryokin tlc ctlvity at all minor fixation 

hilat r ct•ngle 3 had thne n ctiv• period and 

recta le 4 ha ,.., n sen per1oda. Two oft thtte alno~ fixati n 

tiaee w re rect ngle 4 revealed• lg mitotic index re at 16 

hrs., 19.~ and 2030 hn., 24.~ (Table 9). nder the vi ent•l 

condltlona prevalent durlfti thl• Januazy aajor fixation tl .. • 



perlodlelty in a1t is a present. B•twetn the noun of 0030 an 

12 O r. A cells re o erved with• nucl•l in the early and 

1 -atai w of karyok1nesis 1th the exception of on nucleu at 

12 (Tabl 9). ucle1 1n th initial atagff of karyo inesia w re 

st 

1830 hrs. in1 

1n sit an pr 

14.s0 nd 16 h • , t none re o erved at 

p aks in the "early- and 1 •stages• of karyo­

tat 2030 h • and the late telo ••• stage ah d 

a xi at 2030 rs. and• iniu at 1630 hrs., (Fig. 3). 

tt of the 

January aajor fixation ~riod which lncneaed the heigh\ of tb• 

tid • • • 1ng the plant• for 1 er periods t n t ey 

been er lea• atoray condltlona. et een t • houn of 02JO d 

1230 hn., January 13, the planta en covered with at least one 

feet of ater, the axl • o nt for the 24 hour period. The 

t erature varied bet l of 7 .~oC at 1030 n. and a hlg of 

9.0°c at the three lnor fixation ~rloda of 16:JO, 2030 and 2230 n. 

1th the plant• thua under a111tr c ditlona at t • of sublle ion 

(Table 10). The sun ro, at 0803 hrs. and ••tat 16-40 hr1. 91vl 

a light period of approximately a.~ hours and the light intensity 

lnc sect gr ually throughout the ml chlng a peak of 1207 

fo t candle at 12 o, dro in off r pidly in t • aftemoon. The 

pH oft ,ea ater · s st• dy hro hout at 7.8 and the plants were 

subject to a relotlve h ldlt~ ,~f 100% thro out the tire jor 

f1xat1 period, for it reined at t1 s of :rg ce. 
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JAPU&Y Laboratoz:y Mater~al 

Plants kept submersed under constant light. 

uantitative data on the mitotic activity of the plants kept 

under constant conditions of submersion, photoperiod, temperature and 

pl in the laboratory are presented in Table II. Figure l F illustrates 

where the seven rectangles of material were removed from each of the 

plants used. Cell division was not evident at any time of day or 

night in the rectangles removed from the center of the thallus but 

mitosis was evident in the rectangles removed from the peripheral 

edge or reproductive area. Cells were found in most stages of 

knryoldnesis fromas early ns 0630 hrs. through to 2030 hrs. but the 

maximal peaks in the 'early- and mid-staees" of karyokinesis occurred 

at 1630 hrs. and are statistically significant at the five per-cent 

level, (Tables 12 and 13). "minimum peak" in the "early- and 

mid-staees" of ka.ryokinesis occurred at 0630 hrs. 

Thus, under conditions of constant submersion and constant 

light, most stages of karyoldnesis are seen in seven out of the 13 

minor fixation periods, and "minimwn peaks" or karyoldnesi occurred 

at 1030, 1430 and 0630 hrs. with the "maximum peak 11 o.t 1630 hrs. 

(Fig. 4). 

Plants kept emersed under oon tant lieht. 

antitative data on mitosis for the plants kept in the 

laboratory under conditions of constant light and emer ence between 

the hours of 1830 to 0530 are presented in Table 14. A few cells ere 
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found 1n the ""rly and •ld•atage1" of keryok1nesis at ao.t al r 

ixation period• but• Up alts in cell ivlalon i>" rNd at l9JO, 

OlJO, 0430 an O 30 nn. (Fig. 5). Cell• with nuclei in tM la• 

t •• atage ahowed p k• at 0130 and 0230 hn. ~ diatinct gradient 

1 •1 o le activity ccurredl f tne ter ed • of the planta ln .. rd 

wi a igher and steadier •1tot1c ind x evid ton t outer edge•• 

o ed to t • imer u erial. 

lants k t IU ned with n 8/16 llght/dlrk photoperiod. 

Quantitative data for tho•• plants kept under labor tory 

c 1t1ona of constant sur.aer.:ienee and alternati light are pre ted 

in Table l. Cella with nuclei 1n various ata Hof karyokioeals an 

ound at the ujority of einor fixation t a (fig. 6), t roughout the 

jo fix t1 period. The pattem of "early• and •ld••t•ges" of 

karyoklnuis fluctuated very little and re aeen in•, .. cell• at 

t of the ~inor fixation tlllfl with the exception of 0230 and 04 hn. 

The 8 hour oto en an at. 0930 hrs. ad at 17 O 

hn. • tbe t per ture fluctuate 10.0 Ct light 

int naU.y and pH ff conata.nt. Un er tl ••• envlr01llllMl,ntal conditl ns 

the ly r; 9• of k ryokineah th.at f uctu i d l te telo , •• with 

• .. peak" at 2030 n. lg. 6). 



DISCUSS! CONCLUZION 

Certain ind1v1 J. ap des of 1 her plant , under c ditlona 

of altemati iotop riod, ve p k ln cell iviai in both the 

light and dark period (fig. 7 nd Teble 16), alt reater 

aajorlty of nicell lar alg e 1nvest1g t d 1vide dur1no 

period. 

Very Uttl rk • b n carr14ki out o m1tot1c perlodlclty 

in the croacopic al •• but 1n the f.., 1peci•• tat have been erved 

a noctu alp ak ln aryokln ls (fl. 7 and Table 16) 1• coaon. 

periodicity in 1tos1 e:d& s t • d ree of regi tat1on 

of cell division y vary ln lffer t pl t. In riate tic ti•• 

of 1gh r plant• (fl. 7) cells are typically f nd in v rious stegea 

of ait 111 at any glv t1 of ay or night (H h•s 1952 and ch a r 

1~3)• but peak ln t • nu er of nuclei in kary kinesls may • ••en 
at a c•rtain tie t roug ta 2, hour per10d (k lllcott l 04, 

Lu 11n 1919, pNse 1939, roc,m 19,1, Lenee 19~ and Jensen an 

avaljtan 1958) hich y be te ed an asynchronou rhyt of c 11 

divi 1 n. Synchrony ln cell 1v1ston, 1ch is the occurrence of 

ewry aitot1c lly actlv utl s ln t •• p e of 1t011la at any 

one t1 e (H•sHng nd ~ ney 1~), hed not •• y•t bean f in 

n turally occurring plant la tons whether lcellular or ltl-

cellul r. Ho ever, certain untcellul•~ 119 • xh1b1t a aynchr y 

in cell div1s1 en giv n he ro r culture conditions (T lya 1966). 

- l • 
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I type f kary 1netie regi •~tation al llar to synchron ua 

cell ivislon is evi ent ln • fe• unicellular algae en cell dlvlslon 

tak s place at a p ci Uc t1 e every 24 houn in only a cei-ta1n 

perc ntage of the it tic lly active cells. H 1ti • nd nney 

(1964) have te ed tlls type of peri~j1c1ty ~ph eed c•ll divisioft 

and it 11 the r sult of cells h ving a itotic eneration t 

t an 4 h urs. 

ln • naturally occurring population of 

long r 

the environm nt l conditions of ove r 2-3 (Table 8), a tatlstically 

11 nificant rhyt in karyokin ab was p ent. It as not the type of 

cell d1v1sl rhyt f nd in igher pl ts, for cells in cert 1n 

stages of karyokln sis, re founi nly at a p clfic ti• f ay, 

ow ver it do follo« the type of r gl nt~tion ou lined for the 

r1n• inofl ell te, Gonyaul ___ (Haattngs an S eeney l9M) 

w lch ts th •pha ed" typ of cell rllv1a1on ytt • Inf.:. 1 ne o\ata 

th pe It in the .. rly• an.➔ mid- tages" of It ry kin s1 s found t 

1630 hrs. 1 h • 1totlc index of 9.4 ·• The p kin t • lat t lo-

phas tage s n n O\US 1 ter at 0230 hrs. end a a ,1.milar 

p k, 9.33~, tot rly st e of tary k1n sis. At the 1nor fixation 

ti of 1~ hrs. th N er• no cells e w1th nuclei in ny of • 

•t•"@~ of k.sryo inesis (I 19. 2) uggesting that, un er tl1e v1rorm1111tal 

condition of this jor fix t1on period, k ryok1n ais f early 

prophase to l t t lopha et approx1 tely 10 hours an the total 

t1 for keryok1nea1 nd cytokinesis, pproxi tely 20 ours. Late 

t l phase had the longe1t p 11e t1 of the eight stages f karyo­

Un 1t. Ten.,peratun aay ~v• been th• factor contrlbutlng to thla 
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prolo d I as;•• for • ca •t•9• of altosh has ita o..n t eretun 

c04tffic1ent ( ~ ader l l). 

L l nceolata, col acted !n u b th 1n ovellber and January 

sho a perlo 1c1ty in cell division wit ks at alall1r tlMe of 

day, (Pi. 9 a ). Tis striki ai larity ia reurkable al.nee 

the jor fix tion p rloda were s prated by two ~ 1 "•• envlronmenul 

conditions differed, end t pl nt terl l aa pl .as slightly 

bd Uar. The plants ti.d gro.m an avepge of aeven aa. between 

av r and J nu ry (Table l) nd d ~•loped npi-oductlve 

structures fr hich the quantltailv data for altoals •• aequlred ln 

the January •t•rial. In the latter pec1INI\S the gradation ln a1tot1c 

riodidty 1a ult• de~ going from the • of t..._ tb.allua toward 

the centre (Tabl 9). f rectangle two to rectangl• four, in the 

reproductive aaterlal (fig. 1 O). Even thou h the altottc in•• per 

pl t (in the Jenuary uterlal) dS deri ed by cOllblnlng t • qu ntitatlve 

data fro111 recta gles t o, t ree and f0\11' 9 he 1nltlatlon of karyokin•la 

occurred approxl tely the, ... ti.ae of y •• lt dld in Nov r 

( lg. 10). In the January J.!l J.ll». material k zyoltinetb waa first 

observed at 1430 hn. 1n rectaAgl• tlllO and thrN tin• Uon four 

1t occurred at 16 l'a. wh ch 1a the .... tl .. of day •• kary lneda 

•• initiate 1n ie _..r .. tedal. The occurnnce of the "early• 

sta •" of karyok1nesia t noun earner ln rectangles two and thn 

in Janvary then 1n ov r uterlal (Fig. 9 • & b) could !>tt the 

~ult of the evident gradation of the altotle periodicity fl'Oll section 

two to four (Tabl• 9). H~•r then are ottw.r variables such 11 tidal 

patt•zn• photoperlod and 119ht 1atlftS1ty, which ••t be consld red ~fore 
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..,,_ • tentative conclu.lon on th• utun of \ha rbytia, ••ed • thls 

•t••l•l, can be •d•• 
The d611y lhythtl of the tidu cl .. zly b~ about tlgolflcant 

changn tn the habitat of lntertlda1 organl.- and play• 1•1'9• ~l• 

1n \bit dlstrlbutlon of lnt.rtldal •lo••· Aloa, ••t of 'the hclflc 

Cont of Horth Merl~ taeNt 1• a •tllll•dluul rbythrt 1ft tldu whlcht 

for t.be aajority of lntertld•l ozwul ... , bnng about •ned CMng .. 

1ft habitat four tleea la 2A houn. f ll'IN1' Ind W1111111& (1898) and .Rao 

(l~), working on the cytol09y ., lpttGln of Ul'W •lv•• feli tldal 

patteJrl& arut the 1.ncldence •f bryokln••l• •n nl,ated. The foner 

worken observed that 1taryo1tla.1l• could only be feuftd ln plant• of 

fugg Just 1fw• the pleats had bee covez9d l,y the flood tlde. The 

l1tur work•r would only fix plants of PeixJdn Cftllm!I wha th•Y 

wn tuburged, tbua ltlplying that karyokln•tlc tlguna wen aoN 

aluKtant und•I' thne condltlon•• The pn1•t ••then bouvel' showed 

tbat tlo level appeand to have bad very U.:ttle aft.et '1ft pna•c• oa­

absence of karyoklndla la L itm (AGatln & Prlfttl• 1968). 

ta. l!Bittl•tf occun in the aopra•ll tt•nl whltn tbe pleat• 

would be ... nad •• often •• tMy wovld be •--ntkt wh• ••• an 

m,t atomy. Thul lt wta felt llkely that tl• •Y play a role lo 

1afluenc1119 pblftOUU1 web•• eltotllt 1n thla plant altho'1gh Blinka 

and Glvan (1961). did Mt flnd a pboto.ynt.hetlc rhytba ln !& lfM,alfM 

collectld 1n C.llloinla. Ila the -~r Mt.fflal karyoklnnla -

flnt obaeJ'Yed at. 16.30 nn. UMS 11Uat have co■■anc-4 MM tlN bet ... 

1430 and 1630 br9., however, th• plants becue ltlh'l-1 NtWffft tll••• 
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hours •• the tide had been ncedlng alAc• 1330 bn. Funhemore, 1n the 

utez-1•1 collected Ja J1w lo January, karyotlanl1 ••• flnt observed 

in 1119• l'lUllben •t 1430 hft.. and b.lgb tlde for the day occuned •t 

101~ hn. (f19. 10). At 1~30 bra. in January the plant, ••n covend 

with alx lnchH of water. but vader lHa 1toray condltlona they •Y 

have bffft ... ned. Slnce then•• a two hour dlffennce 1n the peak• 

of karyok.lnetla for the two a Ill¥ ujol' fixatlon periods and a three 

hcMn' dlffennc• ln tM OCCUJ'ffnCe of high tl~ (fig. 8 and 10) then la 

the poaalblUty t.hat the t14H could be the •xtemaJ. synchronb.•r for 

altotlc ped.odlclty ln_t. lannol•U• If the per1odlcity ln cell 

d1v11lon 1n fa. ltneeol•:t• 1, an endogenous on• •ftd the external 

aynchzoruz•i- la the tlae of blgh tlde ol' ii uogenou1ly controlled by 

•t•r cover then the 1blft 1n th• lnltiatlon of uryokine1l1 froa 1630 

hn. ln Hoveaber to 1430 bn. f.n J anuazy can be accounted for by tb• 

sblft 1n tld•• 

Other lllpoztant RO•loglcal factors such •• photo,»l'iod and 

light lnten•lty varled stonificantly throughout th• day during botb 

•Jor flxatlon tl•• of Nov ... r and January. Tb• lftlt1atton of th• 

l19ht period, the end of ~ dart pa-1od or the length of th• photo­

perlod could ln1ttate, ln th• cell, proc•aH which lead to karyo­

ltlftnlt • given l'lUIM)ff of houn later. Tbla la piobably not the ease 

ln f.a., l!J!ff!\!S•, for the ,un n•• •• hour .. ,..uer 1n NovaNr than 

ln January and th• .... rly-stage" of karyoklneala waa ONewtd two 

bou.1'1 later ln Hovtllber. 

Light intensity varied con11denbly thJOU9hout the day for 
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each •Jor fixation period• and there waa alto• urked dlffennce ln 

total light lntenalty betwecrn Nov.,._1" and Ja ry (Tablff 8 -.d 10). 

1.Ndal• (lm). found that photoperlod contl'Olled •n exogenous rbytbll 

1n ■ltotll 1n apecl• of Euglenopbyta cultured under condltlOfta of 

natural U. ht (fl9. 7 and T•bl• 16). He reports that karyokln•ls 

ould begin one to two bour1, after the lnltlat1 of the darlt perlod 

if t e pl•nt• had aeen avbject to 12 noun of ll;ht but IIOUld not 

t•k• pl•c:e under GOndltlona of constant 11ght, ~ stant dark or lf the 

plant• wen a ~•cted to light one hour after the oo:aet of d•~•• 

In a d1ru,f1~ellate, Y9PJ!Y\!I e9lx,dp, c-.tant ll9bt of high 

int ity (900 f.c.) ha• been found to lnblblt th• endogenous rhytha 

ln aitoala (ttaattnsi- and s. ... y 1964), although under o 1tant 

llitlt of 1 lntenalty (loo t.c.) ta. z:bytha • ulntalned for 10 

days or•"• furthenon, the endo;4Hl0Ua l'hythll of 1 1neseence 

(Haatln9• • Swttn4tY 1-.), and phfloeynthesia ta ocmx•uly ;,o\yedra. 

(Haatlngs t al 1960) •• •l•~ lnhlblted at hl9h light 1ntena1t1es. 

1t1•• over coo f.c. lnhiblted the enc:logeftou1 photoaythetlc 

l'hytba in a •~~1" of di t end 1noflagellate ( a ez 1964). 

Rayna end G rd (1~). found an asynchnino rhyt of cell d1v1sion 

1n cultuna f EW19.J:ina 1lpp1 ich, whtn cultured under• Ught 

lntenalty of 200 to 300 f.c. 1n • 16 hour' ltgbt and 8 hour dark 

photoper1od ld. &:.gin d1vls1on about two houn before the dark 

period. 

rtuaa. t e¥1dent J'hytba of alt.oat• ln ?.& l•ncct.ol•S• could 

very 11 contiolled by the fluetuatton or rhytbll l.n Ugbt lnt~alty 

whlc:h occ:un @ily under natunl condlt1on,. The be9lnnlftg of the 
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light period ■igbt 1n1tlate a stage (a) of ■1tot1a leadiftg vp to 

karyokl ula and the high light lntenalty of ald•day, could 1 blblt 

• stage precedln9 kary klne1l1, thu1 the cells ould n tenter ff ly 

prop •• untll the light ln\enalty had decreased. Thu hypot ••ll 

could account for kaiyokine•la in January, 1Mln two n ah d 

of taryoklnni, in o r, (Fig. 9 a and b) •• tne llgnt intensity 

th hout the day 1n Jan ry I c aiderably leas1 the t tlgnlfl• 

cant difference in light 1ntens1ty the two daya being at 14 O 

hn. hen 1n ov er it waa 1371 f .e. and 1n January 430 f .c. (Tablea 

8 and 10). A • hat •1•11 r explanatl 1a provided for the control 

of cell division 1n hlordla ell ptold , (Tamiya 1966). Japanese 

ken have found• eth of 1ynchz i~lng culture, of £.a. •lllpa 1 91, 

by o trvlng t t ffCh cell oea tlu'ough aev dhtln~t orphologlcal 

chan •• lffdl up t karyok1n ,1,. Each stage requiru either light 

or dark to 1 t• 1t• particular 1erl•• of ev ta and proc to 

the next 1tage. l a by correlating a at& e of cytokln sis with t e 

llgbt•~ark regia, aynchrony in cell d1vla1 can be effected. 

Figure 11 c parff the dlstdl>utl of cell lvldon found both 

1n t • f1el and su ned under condi 1 • of constant an alternating 

U9ht card• out ov•r the :i:• hour period in January. There wat no 

a1gnlf1c.ant occurrence of k ryokin•~i, in the fi•ld Mterlal until 

1•30 hrs. but ln both culture experi enta karyoktnnll •• ncordtd at 

the flnt •lnor fixation period of JO ra. Under the altematlng 

photoperlod no pffk 1n karyoktnea1 a evident and cell division 

occurred at every •1nor fixation period butt 1eh re 0230 nd 

0430 hn. However the plant• cultuNd under constant llgbt • a 

atatlatlc.ally algnlflcant peak ln k ryoklneals at 1630 hrs., January 12 
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and the -early• and ■ld••t•9••• of karyok1nH1a wen not evident ag•ln 

until 0630 hn., Jamaary 13 (flg. 11). 

In an att.-pt to relate tbe nsult1 from the lab terlal wltb 

ja Jll!l • review of t • event• leedlng up to thelr belng 

placed 1 tbe lab la r uir • The plants were collect January 

11 at 2®0 hra. while th•Y re .. ned, and uana rt tot • labora• 

tory en they re kept eu er•ed under condittona f elther darknesa 

or c t.ant llght. Aft•r ~1n placed 1n t~ aquaria the plants n 

not a lid untll 0830 hrs., January 12, thu.t 1t 1a not known lf 

t•ryo1ttnn11 appeared ln t cell• dvrlng the 12 hn. bet,..en 2000 hn., 

Ja ary 11 and 

tnitlated .rl 

hrs.• J nuary 13. Karyoldl\ ala covld hav bten 

this tt.a. by either of two event, tow lch the pla ta 

er su ~ec:t, rev1ous to t • initial ftxatlon, t.e. the audd 

a rgence u n c Uec:tl nd the exposure to U9ht ln the culture 

chamber. It h unlikely t t karyoklnesla • tnltlatttd by au ergence 

fort plants 1n the fleld dld not ah any evl ce that ,u t!'9 nee 

initiated t • pxocess, (Tabl• 2, 1 9, • d 10). Placing th plants 

under Ulual tlon tbne oun lnto the dark period uy have lnl tlated 

k-r, .. uAlftffl•· If t • latt•r occul'nd l(lllettae bet 2000 hrs., 

January 11 • 0830 bra., Ja ry 12, 1n the plant• er eons nt 

llgbt, nd th• pattnn f dlvlalon ru led t t found ln tho1e under 

t •lt•in&ting photoper1 1n the laboratory then th• appar nt 

1Ut1at1cally s1gnlf1cant ~•k ln cell dlvlslon d scribed for th 

plants under con1tant li9bt condltloR• y • rbyt at all. 
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1 f, h ever, t • pattern of kary 1 ••11 • 1i111Uar t that ln plant, 

under altern l~ 11 ht (1t a 1 ut constant 1.,,.1) th • ld 

upect a ,oae,.nat a1a11 r pattem f karyokin•d• to be f f r 

pl• • er const t 11 t, nd th1a • t erved (fl9. 11). 

Karyo lneaia •• not ncor again until 1 oura lat r, at 0630 hn. 

th•• t lt is unlikely that the aignlficant 

peak t 1630 n. ld av p red. 

Th pattern f taryoklneala evident und•r t lt in ting 

pho op riod 1• conalderably dlffennt to hat f d or 

nd r conatant light t • labontory (f 19. U). n c rison of 

rcniuntal condltl between t plant• collecttd and 

tho• in the laboratory undar an elght our- 11 nt d 1• ho r ar 

p toperlod point• out that to ujor acol~1ca1 conditions re 

al n1f1can ly dlffennt, l.e. 11g t ln lty an ... ..,~, .... of t r 

coverage. The plant, Jn hid ter a d t t of the y 

ut at tl 1t I only • few lnc n deep where•• in t • 1 

the plant ere under a t 1 lnch" f t•~ c t ntly. It ls 

likely that the a nt of ter coverage over the plant• has a 

ai nlflcant effect on karyo in ls f p result• ahown. Light 

1 t slty •Y• • dlscuas d previously. have• sl n1f1cant eff t 

itoab. If t • pl ta are I ject to a dark perlod, then hlgh 

light lntenalty ••Y required to phase karyoklneal•• oth 11e • 

1 level f kary kl Hi niats lu'Oughout he day, at •• fo d 

in the laboratory v er alt•rnating 11g t e dlttona. 
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TABLE l 

Numbers of plants userl pPr experiment anrl their average rli~ensions. 

Month Plants 
Collected 

January 

January Total 

Experiments 
in January 

Experiment #1 

Experiment 1/2 

Experiment #3 

Experiment #4 

Experiment #5 

January Average 

November 

Number of Plants 
Measured 

24 

36 

11 

24 

24 

119 

39 

Average Plant 
Length for each 

Experiment 

19.52 cm 

10.5 cm 

13.10 cm 

11. 71 cm 

19. 73 cm 

74.56 cm 

14.91 cm 

7.23 cm 

Average Plant 
Width for each 

Experiment 

3 .72 cm 

2. 76 cm 

3.42 cm 

2.78 cm 

3.65 cm 

16.33 cm 

3.27 cm 

1.13 cm 



T ABU: 2 

Numbers of nurlei invarious c;taqes of karyokinesis and mitotic 

inrlex per minor fixation periori in plants samplerl in November. 

Staqe inrlex shown in italirs. 



TABLE 2 --
Nwnber of 

Mi nor Number of Cells in Var i ous Stages of Karyok i nes i s Active Cells Mitotic Index 
Fi xat ion Prophase Promet aphase Metaphase Anaphase Te l ophase Per Minor Per Minor 

Time Ear ly Mid Lat e Earl y Lat e Fixation Time Fixation Time 

0830 0 0 0 0 0 0 0 0 0 0 . 0 

1030 0 0 0 0 0 0 0 3 3 0 . 27% 
100% 

1230 0 0 0 0 0 0 0 2 2 0 . 18% 
100% 

1430 0 0 0 0 0 0 0 0 0 0 . 0 

1630 17 7 20 23 10 7 9 13 106 9 . 42% 
16. 04% 6. 60% 18 . 8?% 21 . ?0% 9. 43% 6. 60% 8 . 49% 12 . 26% 

1830 2 2 17 8 4 4 3 26 66 5 . 87% 
3. 03% Z. 03% 25 . ?6% 12 . 12% 6. 06% 6. 06% 4. 55% 39 . 39% 

2030 5 2 2 9 4 2 3 54 81 7 . 20% 
6. 1?% 2. 4?% 2. 4?% 11 . 11% 4. 94% 2. 4?% 3. ?0% 66 . 6?% w 

---J 

2230 0 0 1 1 0 0 1 68 71 6 . 31% 
1. 41% 1. 41% 1 . 41% 95 . ??% 

0030 0 0 0 1 0 0 1 58 60 5 . 38% 
1. 6?% 1. 6?% 96 . 6?% 

0230 1 0 l 1 3 l l 0 88 105 9 . 33% 
9. 52% 0. 95% 0 . 95% 2. 86% 0 . 95% 0 . 95% 83 . 81% 

0430 0 0 0 0 0 0 0 29 29 2 . 58% 
100% 

0630 0 0 0 0 0 l 0 4 5 0 . 35% 
20 . 00% 80 . 00% 

0830 0 0 0 0 0 0 0 2 2 0 . 17% 
100% 

Total 34 1 2 41 4 5 1 9 1 5 17 347 530 



ti.nor Fixation 
Time 

0830 

1430 

0830 

1230 

1030 

0630 

0430 

0030 

18,30 

2230 

2030 

02.30 

1630 

- 3S -

T BLE 3 

tl. totic ndex Per 
ti.nor .nxation Bour 

o.oo 

o.oo 

0.17 

0.18 

O.'Zl 

0.35 

2.58 

5.38 

5.87 

6.Jl 

7.20 

9 • .33 

9.42 

i,nificnnce Rating 
t 5 Lovel 

a 

a 

a 

a 

a 

a 

ab 

b C 

b c 

b C 

b c 

0 

C * 

Nove~ber in~ fixation dat, showing the en valu s for thr e 

plants er minor fixation time and its rank in relation to other 

fixation times. Statistico.1 significanc between mens at the 5P 

level is shown. 

* those followed by the same letter are not dir,nificantly different 

at the 5% level. 



fo·1emb<>r in r.i.tu fixallon rlatd snowinq the time of rlay the plants 

were fixel, he ~itotic in ◄ e~ mean for Pa~h plant ani the stan· ard 

rleviation for Parh •ixatiur ti~<>. 
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TABLE 4 

Minor Fixation Time Mitotic Index Per Plant Standard Deviation 

A 0.00 
0830 B 0.00 0.00 

C 0.00 

A 0.27% 
1030 B 0.53% approximately 0 

C 0.00 

A 0.53% 
1230 B 0.00 approximately 0 

C 0.00 

A 0.00 
1430 B 0.00 0.00 

C 0.00 

A 12.53% 
1630 B 10.13% 3.51 

C 5.60% 

A 4.80% 
1830 B 8.53% 2.32 

C 4.27% 

A 2.13% 
2030 B 11.46% 4. 71 

C 8.00% 

A 6.13% 
2230 B 5.33% 1.08 

C 7.47% 

A 5.60% 
0030 B l. 87% 3.40 

C 8.67% 

A 6.40% 
0230 B 16.27% 6.03 

C 5.33% 

A 5.33% 
0430 B 0.55% 2.48 

C 1.87% 

A 0.53% 
0630 B 0.53% approximately 0 

C 0.00 

A 0.00 
0830 B 0.00 approximately 0 

C 0.53% 



Yd.nor Fixation 

Od30 

1030 

1230 

1430 

OOJO 

0430 

0630 

0830 

2230 

2030 

0230 

1830 

1630 
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TABLE 5 

Mean 'umber of Colla in 
rophaso por Fixation Time 

0 

0 

0 

0 

0 

0 

0 

0 

0.33 

3.00 

4.00 

1.00 

14.67 

~ignificanca \Sting 
at 5~ Level 

a 

a 

a 

a 

a 

a 

a 

a 

ab 

ab 

b 

C * 

3tatistical data for tho "ea.rly-staeen of ko.ryokinesis in the Novembar 

1a o,itu fi ld materitl. 

* those followed by the aamo letter are not significantly different 

at the 5 level. 



Minor Fixation 
Time 

0830 

1030 

1230 

1430 

0430 

0830 

0630 

2230 

0030 

0230 

2030 

1830 

1630 

Stat ist ica l data for 

situ fi el d mater i a l. 
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TABLE 6 

Mean Number of Cells 
in the "mid-stage" of 

Karyokinesis per Fixation Time 

0 

0 

0 

0 

0 

0 

0.33 

0.66 

0.66 

1.66 

6.00 

6.33 

16.33 

the "mid-staqe" of karyokinesis 

* significant difference (5% level) at termination 

of each series of small letters. 

in 

Significance Rating 
at 5% Level 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

b 

b 

C ~': 

the November in 



TABLE 7 

.linor :'ixation Mean Number of vells i.>ignificance 
Time in the late Telophase t 5% Level 

Stage per ti.nor 1ixation rime 

08.30 0 a 

14.30 0 a 

1230 o. 66 a 

0830 o.6S6 a 

1030 1.000 a 

06.30 1.330 a 

1630 4 • .330 ab 

18.30 8.660 a b c 

0430 9.660 ab c 

2030 18.000 b Cd 

00.30 19.3.30 b c d 

22.30 22.60 o d 

0230 29 • .3.30 d • 

tatistical data tor the "late telophaae tage" of karyokinesis in 

the ovember 1n 11W, field material. 

* those follow d by the same letter are not significantly different 

at the 5% level. 

ting 
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TABLE 8 

Time of Plant Submerged Temp. of Plant Light Intensity Relative 
pH 

Photo Period 
Day or Emerged Environment Sea Cell Humidity Rise Set 

0830 emerged 7.5°c 7.06 f.c. 75% 7:02 4:52 

1030 submerged 9.5°C 30.59 f.c. 100% 7.8 

1230 submerged 9.5°C 2548.24 f.c. 100% 7.8 

1430 submerged 9.0°C 1371. 76 f.c. 100% 7.7 

1630 emerged 7.o0 c not sufficient 66% light 

1830 emerged 6.5°C dark 71% 

2030 emerged 6.0°C dark 65% 

2230 emerged 6.5°c dark 64% 

0030 emerged 5.0°C dark 74% 

0230 emerged 5.o0 c dark 71% 

0430 occasional 7.0°C dark 100% wetting 

0630 occasional 8.5°C not sufficient 100% wetting light 

0830 occasional 8.5°C no reading taken 100% 
wetting 

Environmental parameters measurerl durinq the November in situ major 

fixation period. 



TABLE 9 

Time Number of Cells in Karyokinesis 
of Pro:ehase Frometa- Meta- Ana - Early- Late- Mitotic Index of Sections 

Day Early Mid Late Phase Phase Phase Telophase Telophase Section 2 Section 3 Section 4 

18 30 0 0 0 0 0 1 0 2 7.02% 1. 60% 0.00 

2030 0 3 5 2 1 7 11 60 20.80% 26.40% 24.00% 

2230 0 0 0 1 0 4 0 29 14.28% 14.40% 2 . 40% 

0030 0 0 0 0 0 0 0 4 5 .5 0% 0.80% 0 . 00 

0230 0 0 0 0 0 0 0 3 5 . 30% 0 . 00 0 . 00 

0430 0 0 0 0 0 0 0 4 3 . 20% 0 . 00 0 . 00 

0830 0 0 0 0 0 0 0 0 0 .00 0 . 00 0 . 00 

1230 0 0 1 0 0 0 0 2 4.70% 2 .40% 0 . 00 

1430 7 5 4 2 6 3 0 0 16.00% 5.60% 0.00 

1630 2 2 9 3 6 3 2 33 17.50% 33.33% 19.20% 

Numbers of nuclei in va rious stages of karyokinesis for three rectangles taken from the 

~- thallus per minor fixation time in January fiel d material. Mitotic index per plant shown 

in final column, the plants all bore spores. 

Plant 
Mitotic 

Index 

2.87% 

23 .73% 

10 . 36% 

2 . 10% 

1. 77% 
I 

1.07% 
+ 
+ 

0.00 

2.37% 

7.20% 

23 . 08% 



'.me of Plant Submerged Temp . of Plant 
Day or Emerged Environment 

830 submerged 7.5°C 
(2.5 feet of water) 

1030 submerged 8.o0 c 
( 3 feet of water) 

230 submerged 7.75°c 
(2 feet of water) 

r430 submerged 8 . 25°c 
(6 inches of water) 

630 occasional 9 . 0°C 
wetting 

.830 occasional 8 . 5°C 
wetting 

1030 emerged 9.0°C 

1230 emerged 9 . 0°C 

1 030 occasional 8.o0 c 
wetting 

230 submerged 8 . 0°C 
(1 foot of water) 

430 submerged 8.0°C 
(2 feet of water) 

pt. for January 12th - 0.26" 

pt. for January 13th - 0.15" 
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TABLE 10 

Light Intensity Relative Ppt . pH 
Sea Cell Humidity 

no reading taken 100% 7.8 

1065.88 f.c . 100% 7.8 

1207.06 f .c. 100% 7.8 

430.59 f.c. 100% 7.8 

dark 100% 

dark 100% ) 
(rain)) 

) 

dark 100% ) 
(rain))) 0.26" 

) 

dark 100% ) 
(rain)) 

dark 100% 

dark 100% 

dark 100% 

Environmental parameter measured during the January in situ major 

fixation period. 

Photo Pe 
Rise 

8:03 



TARLt 11 

Numbers of nurlei in various stages of karyokinesis for three 

rectanoles taken from the thalli of two plants per minor fixation 

time in January lab material submersed under constant light. 



TABLE 11 

ime Number of Cells in Karyokinesis Plant 
~ 

Plant Minor Fixation Sex of 
of Pro:ehase Frometa-Meta-. Ana- Early- Late- A or Mitotic Index of Sections Mitotic Mitotic Index Plant 
ay Early Mid Late Phase Phase Phase Telophase Telophase B Section 2 Section 3 Section 4 Index 

830 0 0 l 0 l 3 2 20 
A 12.96% 4.00% 0.00 5.65% 

4.24% 8 
B 2.50% 2.78% 3.20% 2.83% 8 

030 3 l 3 0 l 2 3 21 
A 8.80% 6.40% 3.20% 6.13% 

4.53% 8 
B 8.80% 0.00 0.00 2.93% 8 

230 0 0 3 2 2 l 0 19 
A 17.58% 0.80% 0.00 6.13% 

5.30% 8 
B 10.99% 0.80% l. 60% 4.46% 8 

l430 0 l 6 l 2 2 0 11 
A 25.68% 3.20% 0.00 9.63% 

9.63% 8 
B 0.00 0.00 o.oo 0.00 Cl 

1630 4 2 19 9 4 5 4 30 
A 14.40% 15.20% 0.00 9.87% 

8.54% B 8.80% 10.40% 2.40% 7.20% 8 

830 0 0 0 0 0 0 1 4 
A 2.40% 0.80% 0.00 1.08% 

0.76% B 0.00 1.35% 0.00 0.45% - + 
CJ) 

A 37.50% 19.78% 15.74% 24.34% 8 I 
030 0 0 l 0 l l l 31 B 0.00 0.00 0.00 0.00 

24.34% 

~230 0 0 0 3 0 0 0 2 
A 2.70% 0.00 0.00 0.90% 

0.90% 
8 

B 0.00 2.40% 0.00 0.80% Cl 

1030 0 0 0 0 0 0 0 0 
A 0.00 0.00 0.00 0.00 

0.00 
8 

B 0.00 0.00 0.00 o.oo Cl 

1230 0 0 0 0 0 0 0 16 
A 0.00 14.86 4.00% 6.29% 

6.29% 8 
B 0.00 0.00 0.00 0.00 Cl 

1430 0 0 0 0 0 0 l 15 
A 27.50% 12.16% 4.80% 14.82% 

8.16% 
8 

B 3.70% 0.80% 0.00 l. 50% 8 

630 l 2 2 2 
A 4.05% 15.00% 10.00% 9.68% 14.67% 

Cl 
3 4 2 44 B 23.20% 13.60% 7.20% 14.67% 8 

830 0 0 0 0 l 2 4 
A 6.48% o.oo 0.00 2.16% 

2.16% 0 B 0.00 0.00 0.00 0.00 



Minor Fixation 
Time 

1830 

2230 

0030 

0230 

0430 

0830 

0830 

2030 

1230 

0630 

1030 

1430 

1630 

- 47 -

TABLE 12 

Mean Number of Cells in 
Prophase per Fixation Time 

0 

0 

0 

0 

0 

0 

0.50 

0.50 

1.5 

2.5 

3.5 

3.5 

12.5 

Statistical data for the "early-stage" of karyokinesis 

plants kept subrners ~d unrler constant light. 

* significant difference (5% level) at termination 

of each series of small letters. 

in 

Significance Rating 
at 5% Level 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

b ~·, 

laboratory 



Minor Fixation 
Time 

0030 

0230 

0430 

1830 

2030 

2230 

0830 

1230 

1430 

0830 

1030 

0630 

1630 

Statistical data 

- 48 -

TABLE 13 

Mean Number of Cells 
in the "mid-stage" of 

Karyokinesis per Fixation Time 

0 

0 

0.4 

1 

1. 5 

1.5 

1. 5 

2.5 

2.5 

3 

3 

5.5 

11 

for the "mid-stage" of karyokinesis 

plants kept submersed under constant 1 ight. 

* significant difference (5% level) at termination 
of each series of small letters. 

in 

Significance Rating 
at 5% Level 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

b ~': 

laboratory 



TABLE 14 -

Time Number of Cells in Karzokinesis Plant Plant Minor Fixation Sex 
of Pro12hase Frometa-Meta- Ana- Early- Late- A or Mitotic Index of Rectangles Mitotic Mitotic Index Plan 

Day Early Mid Late Phase Phase Phase Telophase Telophase B Rectangle Rectangle Rectangle Index 

1830 0 0 0 0 0 0 0 31 A o.oo 10.19% 7.20% 5.80% 
4.50% s 

B 9.60% 0.00 0.00 3.20% 

1930 0 0 2 2 4 0 1 20 
A 25.27% 7.20% 0.80% 11.09% 

11. 09% s 
B 0.00 0.00 0.00 0.00 

2030 0 0 0 0 0 0 0 4 
A 0.00 0.00 0.00 0.00 

1.06% s 
B 0.00 1.60% 1. 60% 1. 06% 

2130 0 0 2 0 0 0 0 21 
A 35.00% 6.48% 0.00 13.83% 

10.91% s 
B 17.58% 5.60% 0.80% 7.99% s 

2230 0 0 0 0 0 0 0 0 
A 0.00 0.00 0.00 o.oo 
B 0.00 0.00 0.00 0.00 

0.00 

2330 0 0 0 0 0 0 0 14 
A 10.19% 4.05% 0.00 4.75% 

4.75% s 
B 0.00 0.00 0.00 0.00 

0030 0 0 0 0 0 0 0 4 
A 17.50% 0.80% 0.00 6.10% 

6.10% s 
B 0.00 0.00 2.40% 0.80% 

0130 0 0 1 1 0 2 0 43 
A 20.00% 5.26% 9.60% 11. 62% 

10.08% s 
B 0.00 20.80% 4.80% 8.53% s 

0230 0 0 0 0 0 1 0 48 
A 10.40% 10.40% 4.80% 8.53% 

6.53% s 
B 6.40% 7.20% 0.00 4.53% s 

0330 0 0 0 0 0 0 0 37 
A 6.76% 12.04% 20.00% 12.93% 

12.93% s 
B o.oo 0.00 0.00 0.00 

0430 2 2 2 2 6 2 0 3 
A 0.00 0.00 0.00 0.00 

4.80% B 4.80% 4.00% 5.60% 4.80% 

0530 0 0 2 1 1 1 0 24 A 10.99% 4.80% 2.40% 6.06% 4.82% s 
B 3.51% 4.00% 3.20% 3.57% s 

Numbers of nuclei in various stages of karyokinesis for three rectangles taken from the 

thalli of two plants per minor fixation time in January lab material emersed under constant liqht. 



TABLE 15 -

Time Number of Cells in Karyokinesis Plant Plant Sex of 
of Proi2hase Frometa- Meta- Ana- Early- Late- A or Mitotic Index of Sections Mitotic Plant 

Day Early Mid Late Phase Phase Phase Telophase Telophase B Section 2 Section 3 Section 4 Index 

0830 0 0 3 0 5 12 4 3 
A 0.00 20.80% 0.80% 7.20% B 
B 0.00 0.00 0.00 0.00 a 

1230 0 0 2 l 6 3 l 9 
A 15.74% 0.00 0.00 5.25% B 
B 0.00 0.00 4.00% l. 33% a 

1430 0 l 6 5 8 2 l 2 
A . 4.80% 6.40% 7.20% 6.13% a 
B l. 60% 0.00 0.00 0.53% a 

1630 0 l 4 0 6 10 2 7 
A 1.85% 3.20% 0.00 1.68% B 
B 12.16% 12.00% 1.85% 8.67% B 

1830 0 0 3 0 8 4 8 44 
A 14.04% 22.40% 15.20% 17.21% B 
B 3.20% 2.40% 4.00% 3.20% - (.l 

C 

2030 0 0 3 2 3 7 0 52 
A 24.32% 13.60% 7.20% 15.04% B 
B 21.30% 0.00 0.00 7.10% B 

2230 0 2 8 4 11 8 0 11 
A 0.00 5.60% 15.20% 6.93% a 
B 10.19% 4.00% l. 60% 5.26% B 

0030 l 2 l 0 l 0 l 99 
A 23.20% 20.00% 7.20% 16.80% B 
B 0.00 27.78% 9.60% 12.46% B 

0230 0 0 0 0 l 0 0 14 A 8.80% 1.60% 1.60% 4.00% B 
B 0.00 0.00 0.00 0.00 a 

0430 0 0 0 0 0 6 0 17 
A l. 35% 11.11% 2.40% 4.95% B 
B 14.04% 4.00% 0.00 6.01% B 

0630 l l 2 2 0 0 0 2 
A 0,00 0.00 0.00 0.00 B 
B 6.48% 0.80% o.oo 2.43% B 

0830 0 0 0 0 3 3 l 2 
A 35.00% 15.79% 6.59% 19.13% B 
B 0.00 0.00 0.00 0.00 a 

Numbers of nuclei in various stages of karyokinesis for three rectangles taken from the 

thalli of two plants per minor fixation time in January lab material submersed under 

• _ _ 1,_-1,. 



TABLE 16 

Listinq of previous workers and oroanisms investigaterl with reqard 

to mitotic- periodicity. This information is illustraterl in figure 7. 



No. Author -
1 Laughlin, Harry H., 1919 

2 Jensen & Kavaljian, 1958 

3 Brown, 1951 

4 Kellicott, 1904 

5 Lance, 1952 

6 Speese, 1939 

7 Sweeney & Hastings, 1958 

8-10 Sweeney, 1959 

11 Braarud & Pappas, 1951 

12 Jorgenson, 1911 

13 Gough, 1905 

14 Soroken, 1959 

15 Braun, 1851 

16 Famintzin, 1867 

Table 16 

Species and Details of Mitotic Periodicity 

Roots of AZZuim cepa. Peak of cells in various stages of mitosis at 
approximately noon at 30° C. 

Roots of AZZuim cepa. Two peaks of miotic activity: 1. 12:00 a.m. 
2. 12:00 p.m. 

Roots of pea seedlings. Photoperiod from 10:00 a.m. to 10:00 p.m. and peak 
of cell division occurred from 12:00 a.m. to 4:00 a.m. 

Roots of AZZium. Two maximum periods of cell division: 
1. Primary at 12:00 a.m. 
2. Secondary at 1:00 p.m. 

Shoot apices of Vicia faha. Two periods of maximum mitotic activity: 
1. 9:00 a.m. 
2. 9:00 p.m. 

Leaves of SrrriZa.x. Two periods of maximum mitotic activity: 
1. Shortly after 12:00 a.m. 
2. Shortly after 12:00 p.m. 

Populations of the dinoflagellate GonyauZax poZyedra. A circadian rhythm 
in cell division which takes place one hour before the beginning of the 
light period under natural conditions. 

#8 Gonyaul,a,x sphaeriodea - end of dark period 
#9 Prorcentrum rrricans -during light period 
#10 Gymnodinium spiendens - end of light period 
Photoperiod: 12 hours of light and 12 hours of dark. 

Dinoflagellate Peridinium triquetrum. Mitotic activity during the dark period. 

Dinoflagellate Ceratium spp. Mitotic activity during the dark period. 

A dinoflagellate species. Mitotic activity during the dark period. 

Cultures of ChZoreZZa pyrenoid.osa. Photoperiod of 9 hours light and 15 
hours dark. Mitotic activity during the dark period. 

Cell division takes place to a greater extent in Spirogyra sp. during the 
dark period. 

Cell division in Spirogyra takes place at night. 

<I 
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17 Sachs, 1874 

18 Strasburger, 1880 

19 Kurssanow, 1912 

20 Goj dies, 1934 

21 Leedale, 1959 

22 Leedale, 1959 

23 Dangeard, 1902 

24 Baker, 1926 

25 Ratcliffe, 1927 

26 Hall, 1931 

27 Johnson, 1934 

28 Chu, 1946 

29 Rayns and Godward, 1965 

30 Iyengar & Balakrishnan,1949 

Nuclei of Spirogyra, Vaucheria, Hyd:r>odictyon and UZothrix divide during the 
dark period. 

Cell division in Spirogyra takes place during the night. 

Cell division takes place during the dark period in Zygnema with a greater 
number of mitotic divisions occurring between 9:00 p.m. and midnight. 

Cell division in EugZena deses takes place during the night. Cultured in 
0.1% beef extract. 

Hyd:r>odictyon sp ., UZothrix sp., Mougeotia sp., Spirogyra sp., Zygnema sp., 
CZosterium sp ., Cosmarium sp. and Staurastrum sp. have a periodicity in mitosis 
where nuclear division takes place almost entirely at night. The rhythm is 
exogenous. Some species of Spirogyra and Zygnema undergo mitosis when 
cultured under continuous light. 

16 species of Euglenineae were found to undergo cell division during the 
dark period. In all species the rhythm was exogenous. Mitosis began one 
to two hours after the onset of darkness. 

In EugZena sp ., Phacus sp. and TracheZomonas sp. cell division occurs during 
the dark period. ~ 

In EugZena graciZis cell division takes place during the dark. 

In EugZena spirogyra cell division takes place during the dark, when cultured 
in modified Doflein's medium. 

In EugZena ZeucZops cell division takes place during the dark period when a 
parasite in Stenostomum. 

In CoZacium vesicuZosum Ehrbg. Cell division takes place during the dark. 

In EugZena sp. cell division takes place during the dark. 

Eudorina eZegans cultured under conditions of 16 hours light and 8 hours of 
dark showed a primary peak in cell division two hours before the dark period 
and subsidiary peaks occurred to a greater extent during the dark period. 

PoZysiphonia pZatycarpa was fixed, both in the lab and in the field at 
twenty-four hour intervals; more nuclear division figures were observed in 
material fixed between 9:00 p.m. and 1:00 a.m. 

N 



31 Mullahy, 1952 

32 Rao, 1956 

33 Yabu, 1964 

34 Yabu & Tokida, 1963 

35 Yabu & Kawamura, 1959 

36 Yabu & Kawamura, 1959 

37 L¢vlie, 1964 

38 Krishnamurthy, V., 1959 

39 Wolfe, 1904 

Lemanea australis fixed over a period of a week may yield no division 
figures. The author states that cell division occurs mostly at night and 
sexual shoots fixed at 2:00 a.m. show the greatest number of mitotic figures. 

Polyides caprinus fixed, when submerged, in both the lab and in the field 
yielded a greater abundance of mitotic division figures in situ between 
12:30 p.m. and 2:30 p.m. 

The author implies that more karyokinetic figures are found at midnight in 
Agarum cribrosum Bory and Alaria praelonga Kjellman. 

The authors imply that more mitotic division figures are found at midnight 
in Arthrothamnus bifidus. 

Polysiphonia japonica was fixed between 7:00 p.m. and 4:00 a.m.; active 
dividing nuclei were found between 9:00 p.m. and 3:00 a.m. with a peak in 
cell division between 11:00 p.m. and 2:00 a.m. 

The authors feel that karyokinesis peaks in the middle of the night in 
r:hondria crassicaulis. 

Cultures of a mutant strain of Ulva mutabilis divides synchronously during 
the dark period. 

Porphyra umbilicalis (L.) Kutz. var. laciniata (Lightf.) J. Ag. divides 
at any time during the day but light is not required as division digures 
were seen in material fixed in the lab at 10:00 p.m. 

Nemalion when cultured in running seawater were observed to have a greater 
number of cells in karyokinesis during the night. 

(.n 
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fig. 3 Mulaber of nuclei 1n karyotine1ia, grouptd lnto 
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fig. 8 lstributlon of 1tot1e in u, ti levels natural 

p otop rlod and t peratu throu i QUt the 24 hour 
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fi. 11 Ccmparisona of nu r of nuclei 1 k ry tintsis 

in plants s pled from the field and f two 

laboratory situations. 

lte = field 

Stl pled - alttrn tlng li ht su t td in lab. 

lac = constant 11 ht a e:rged in lab. 

upp r figure - "early•1tages" of kaey kin ·•1• 
lower fi9ure - •atd•atag 1" of k1ryokines11. 
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lfftla>UCrlCli 

f!Dbyp 11 • widely dlatlibutecl , .. weed whlcll ls ued 1n 

•- parts of the world •• • suppltlllefttaay souae of food. Ja,-n ha• 

been cultivating the tenua for 300 , .. n and by lffl had~ 111111on 

•••n •ten under cvlt.lvatS.on (T11119 and Cbog 1~). Mafty werk•n 

(S..rtbold 18821 Isblkaw 1921! Dan;•rd 192'11 luAJ.ttda 1939) hact 

atvdled various ••P"t• of tbe blol09y of P9181ra1, but lt •• not 

until 1949 that •11 the theo appannt ate9" lft the llf• ld1tozy e.f 

the t•• had .,._ deraoMtnted (er. lNt). and even today nl•tively 

llttl• U.t•ntun l• avall.al,tle on th• cytolot,1cal stat• f the 

various stag• and tMlr ret,pectift npl'Oductlve cell•• 

Tbe moat econ.oadcailly illl)Gl'tant. and eoolo;lcally dOlllnan\ 

phase of Popbxe C011$l1ts •fa 1-f•llke ~ or d1-atl'Gllllatlc 

thallua that 11.bffat" various types of repzoductlve c-11• ••• 

fvnctlOA bad only be• auniaed ud nuclear cytology lftd cbNlosCNle 

e-,1 ... t1 ignored ln th• aajorlty of apecl••• <ae of the typea of 

repnductlv• cell• la fo,-d ••packet.of 64-128 cell• whlcht when 

•tvn• conatltute • white edge anund the plant and have .._ des• 

rlbed few aoat speclH of Pft'RbJD• Thae cells have bMn t•Jllld 

Spelllltl• (11bJ.kawa 1921, Kwtldea 1939, DNW 1956) • although t~ 

have not betn dlnctly llnktd wlth f•Jt1111at1an. Slallarly, 

cai,osporn Mve been clucrla.ct fo• apec1H of flnbxn (Butheld 

18821 Kunleda 19391 labllta.a 1921) althOU9h little evidence exllttd 

that fertlllutlon bad taken pl•c•• nor •• th• chl'OIIOUM coap11Uftt 

9lven. other l)%0bl- cantaed U1Nftd the ph.-enon of fert1Uzat1•• 

••I'll and how it \akff pl•~ and whffe nductlon dlvlalon occ.un an, 



•• yet, uneolved for forphyre or for the Bangloideae. Fert11lzatlon 

as flret reportld aa occurring ln Poghxra by Berthold ( 1882) • and 

later by Joffe (1896), but neither author actually observed the proc•••• 

tater Knox (1926), oanyeud (1927), Magne (19!)2), and Tseng and Chang 

(195~), gave evidence that fertilization occurred 1n certain apeo1•• 

of p9rphvr• and other auth~J• (Ithlkawa 1921, Kunledl 1939), stated thet 

lt takes place in ta, tenett, wt give little evidence of heving 

obaerved lt. Those author, thet have dHcribed the fertlllzatlon 

procen ln Porphyp vary in their deaedpt1on of how and hen lt tak•• 

place. Bertheld (1882), end Dangeard (192'7), both felt t~t lt take• 

place within the f41f181e thallua but Knox (1926) deaerlbed the 

liberation of 9uetes lnto the culture lliedla and observed fertilization 

taking place aoae d11tance from the thallu1. It la unlikely that two 

totally dlffe~ent Mthods of fert1l1zat1on exist ln one genut, 

althOU9h fllnt (1953) conaidtrs that t•o typ s of sexual reproduction 

occur ift. related genus, Ky11n1ella, but hlt nport 11 not well 

dccwraented. Hus (1902), working on tht texon y of• number of 

1peciea of PorpbyJa frOll tht taatem Paclf1c atated that no •vldence 

of fert111,at1on wa1 procured 1n any one of the&• epecl••• 

Kriahnaaurthy (19~9) carried out tha only complete cytological atudy 

on a apac1•• of Porphvra but the proceae of ftrt111zat1on ••• not 

obael'Ved nor dld he flnd any evidence th t sexual reproduction takes 

place at all in tb11 species. Due to the lack of def1n1t• evidence 

that sexual nproduct1on take• place in Po4:Pbyra, Conway (1964 b) 

1'1tClaaaif1ed the auppoe d sexual r produGt1v• cells removing the 

lmplic.tlon they an aexually oriented. The new elaeatfic.ation 

includes the terra1 d-. apor-ea for the carpospores and ,.A apons for the 



1pe tla. Th••• t:A nd /3 ,pores re a further breakdo ·n of the 

Type Ill spores of Drew (19~), o had previously clas 1fied the 

eporea of the Bangiop ycid eon the basia of th ir formation an not 

tr eir function. 

o ver, in dd1t1on to the reports off rt1l1zat1on by the 

older orkers ( erthold 18821 Joffe 1896J ngeard 1927)• recent 

orkera suggest that fertili ~tlon ay occur inc rtain specie•• 

gne (19~2), working on£.:. linta it, describes• prophase nucleus 

1n • fine tub which connect, a 1tructure on the 1urf•ce of the 

thallus with a cell inside the thallus. Furthe ore, he found the 

re ulting ca aporea to b• diploid. ito (1966), atu ylng the 

cytology of a species of orphyra pip ytic on Grateloupi, observed 

•• in the ve<,etative and ntheridial cells and eight 1n 

tt,e itotically active c.rpo1pore1. Thus, in the latter pl nts, 

ither fertill%~tion or polyploldy had taken place. 

At• ing fertili at1Qn• certain workers (Berthold 1882J 

Iahikawa l 21) flt th t eio is ccurred ln the tygote 1 d1ately 

following fertilization, ut n vid net 1n the form of lllustretlona 

was presented. gne (19 2) nd Kito (1966) both tate thet eloait 

does not take place previoua to tn p duction of earpoapor••• The 

' latter authors at 1 t g ve v1d nee to b ck up their atat .. ent,. 

•• they baerved cell divi ion ft r fertili~ation and receding 

carpoapor• fonati n and foun it to b 1totic and the eh 01oae 

COllpl nt to be diplo1. 

Other aapecta of cytology in Forphyr 11ve not, r v ry 



rarely, been denaonatNted. Qualitative and quantitative data on 

steges of m1tosl•• ata9e1 of aeioai1, nuclffr size and cell •lie an 

alilOtt totally licking tn th• literature. Krishnamurthy (19,9), whilst 

preaentlng drawings of the variowa stages of mltoals, did not give 

coinplete photographic evidtnee and Japan••• workers (Klto 19661 

Yabu nd Tok1da 1963) de&crlbe the varioua atagea of ■itoa1a but 

illuatrate these 1ta9e1 with lnadeqvate photograph•• 

The prestnt work ls a aeg,nent of a larger &tudy on the 

~r1odtc1ty of c•ll d1v111on in various species of •••tern Pacific 

intertidal red •1~•· (Austin and Pringle 1968) Porphyra l•nseol•t• 
(S•tchell and Hus) G.M. Smith• was chosen as• igh sho~e species 

and quentlt•tive data on a1toa1• throughout 24 hour periods wen 

obtained (Prln;le and Auttln un.published data). In conjun~tion 

with thla work, aapecta of the cytol~y •rut life history of f.&. 

l•PifOJ•t• were 1tudled •n~ are pre1en.ted below. 



A!ERlALS AND METHODS 

f.s. t1n,1ol1ta was collected at th• O;den Point Br••kwater 

in Victoria, B.C. on Nov..i:..r 22•23t 1967 and January 12•13, 1968 

and the plants placed 1n C41rnoy's fixative ever:y two hour& for each 

of the two 24 hour periods. Further details on the methodology of 

sa pllng the plants throughout all tidal phases is presented in 

another paper on mltotlc periodicity of the species (Pringle and 

Austin unpubli1hed data). After 24 hours the plants were r oved 

from the fixing olution and placed in 1~ lcohol for l~ minutea 

after which they were put in 7 ' alcohol and stol'ed 1n i refrigerator. 

The aceto-camlne squash technique of Austin (1959), with 

minor modifications. was aployed 1n prepering the materiel for 

cytologlcal atudi••• Obse1Vatlon1 on the 1qua1hed and stained 

material~•• acconapllshed using a Zeit1 wt microscope employing• 

green filter and a lOOX Zeiss Planapochromat oil iffllllenlon 

objective. Phot011lcrographs were taken with Reichert VbX plate 

camera. 

·easurements of c:ytologi~l cc.ponent, wen carried out 

using en occular ■1crometeJ' and are given for both vegetative and 

reproductive st:uc:turea. Nioat lt.Nct.ural al.ea given wen obtalned 

by acquiring an average frora a varying n~r of plant,. this l ttor 

number depending on the structure be1n9 caeaaured. 

Tte intact plants wen sceMtd under an Olympua trl-nocul•r 

db1ectlng mleroacop• and each plant sampled was •ketched and its 

llnear •••ur911ent1 recorded. 



OBSERVATIONS ANO DISCUS ION 

P, lans;eohta occurs 7. ~ feet above tero tide at the 

Ogden Point Breakwater and elsewher on adjacent coastlines in semi­

exposed •nd exposed locations. The orphology of the plant,, th ir 

s1ie and reproductiv• sttucturea varied between Noveaber ,nd January. 

November Plants• r produetiv bodies present. 

In November 39 pl.ants were proctsaed whiGh ranged ln dxe 

frOfl 3.~ c. to 12.0 c11. ~Uh an average sh• of 7.2J cm. x l.lJ om. 

(Tabl 1). Reetangl•• of thallu1 were .reeoved from vtr1oua loc tiona 

on a nUJRber of rand0111ly selected pl nts ln an a\t8PIJ)t to obtain 

vegetative division. ~t thia time of year the moat fllitotically 

active groups of cells oec:11r:re.J id-way along the length of the 

pltnts 1~ a peripheral location. 

Certain reproductive atructures were evident ln Novtatbitr 

and MOst peripheral locatlo.na on the ujorlty of the phnta revealed 

"globular c•ll•" (flg. J), which were 1n contrast to tne oval ah ped 

vegetative cell• (fig. 4' and f>). Two types of 9lobular cells ,vere 

found and both Ny exlat 1n one plant• The two types are very 

s1 ilar in shape and al&•• but they differ 1n formation, 

Iype I Spor•s! (Dre_. 19!)6) 

The most ebundant type of globular cell h1a the follow1n9 

chn·actari t1c1, lt h thin walled, ata1na lightly, av rages 24 x 20 

microns 1n sh• nd is fol'ffled by the dlvhion of a mother cell. 

Th••• particular cells •r• found adjacent to large oval celh which 



are approxi ately J7 x 18 icrona. These l tt•r cells are surrounded 

by t lck gelat1nouc . trial nd divlde long1tud1nally to form to 

ov•l cells (Flg. 1) ach of which d1v1dts tr nsversely to form two 

globul r cells (fig. 2). 

These round c llt relate to reproductiv• cells found 1n 

other species in that ti,ey closely rese le the 1Uustrat1on of 

e rpo por I for :...1. t nera given by Kunieda (19 9), butt i author 

ivee little et 11 of the1x formation xcepi that they are thought 

to follow fertiliiation nci ruult in bate ea of 8-16 cells. There 1• 

no evidence that these round celb of f.c. lanceolf $ are c rpospores and 

only two are formed fr ach mother cell. They also reaeinbl ~ pores 

foun1 in • u~billcalis, but the fol"lft6t1on of the latt r la quite 

different (Conway 1964 b). lt ls plausible that earpospores. 

describ d for -t. \enera ( unleda 1939), are ol.. spor s. Ore (1956) • 

in .er cl t if1cat1on of an~iophycldae 1por s, describ t e cyto• 

kinesi of a moth r cell retulting 1n th form tlon of two daughter 

cells of unequel h•, one ot which becomes a spo angiuin whic:1 

liberate, tts. nttre contents ~s 1n ono$por f rmat1 n. Drew 

ebssifl•• thb type of spore production as Type I. nlthoug t ls 

type of 1p re fori:o tion has not been recorded pr viously for peel•• 

of otphyr•, it h v r; tlmUar to that &Crib d ab Vt .t... ltnc101ata. 

• iff•renee being th t ln E.:. l•n,eol t bot cells ec • 

.. porang1um" (fig. 2 and 3}. These Type I spores, a, d scribed here 

for f.t lanc9olata, are easily distinguish d from the ve etitive c:ellsa 

the fo er are globul r ln thape s opposed to tht latter'• oval 

snape, during fomatlon they are embedded in thlek gel tln us 
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••tel'lal and the spore mother cell 1v1 • 11\ e tr1nsv•n• fa1hlon 

(Fig. 2), which ls not the caae with v-.ietatlve eella which dlvld• 

1 1tudlntlly. 

ono1pore1 

T • lns CMIIOR type of 9lobular cell• (Fl9. 8 and 9). 

f 1n fa la9£19lata in ovetlber, dlff•r fro11 the Type 1 .. cribed 

above in appearance and unner of fonation. They an not thin walled 

and eebedded ln • looae aatrix of 9elatlnou1 uterlal but an cell• 

with xtremely thick walla (fl9. ), whose cytopl••• staina v•ry 

d aely. The average a1z• of th••• cell• 11 26 x 21 tcrona and they 

an found the extNM ed9e of the thallua 1ft only one or two 

icb 11 slaUar to t • l t1on of pons on tballl off.:. ien n 
(K led• 19 ) • The 1n d11t1ncti bet theae _.,"'' cell• and 

those prevloualy dncrl d here s T~ I por•• 1• their fol'IHtl 

(Ftg. 10-14). The fo1S11er dnelops by th• roundln u of typical 

vegetative cells,• p cess •••lly foll ed in• section of thallu, 

for there 11 • gNdatl in cell rphology bttW4ten t • thick lled 

r nd cell• an the ne.tr st v etat1ve cell. lnlt1•11y, the 

v~etatlve c 11 becOll • re, spherical 1n aha (Ftg. 11), than 

deer sea in 11ze (Fig. 12 and 13) and• th1ck cell all 11 l•ld 

o~ (Fig. 1'4). The eyt la of th spore 1ncna " 1n its capaclty 

for absorbl stein as• ch of he• steps prognssn. Infnqu«1tly 

t •• c•ll• y deig dlv1a1on (ftg. 9) to glve r1 .. t. two 

slllilar thlc:Jc walled celle. Drew (19~) cl•••lfled spore• of this 

d•rlvation •• type 11 1porea or 01pona. SlaUarly thti- work•n 

(Ts g and Chan 1~~, K llenberg 19581 Con y 1964 b) t•:ra thlt type 



of pore• 1&ono1pore. They are spores that are derived from• mother 

c ll without the ineid nee of cytokineail and germinate in a bipolar 

f shlon" 1ch ultimately giv s ris to a plant si ilar to the parent 

plant. Although culture st1.1dies were not earritd out on this typ of 

spor described t er for£.,. lanee9lata, it can be inferred that they 

re onospores due to th ir morphology, size and fol'Ulation. 

In this study lllOnospores were relatively a undan on most 

plants collected in Hove er but in January only a fe of the s r.11lle:r 

plants poss Hed th • hu1 th re h t e pos&ibil i ty only young 

plants form onospor•s and that the &m ller plant of J&nuary, ,lch 

posies, monospores• were initieted from either mono1por s or the 

Type I por • shed in l t• ~to~r or Novtalber. i 1larly hollenberg 

(19!>8), culturing ft. 9erfo1•a$ C-ii>llected in 1Al1fom1a, auggasts that 

monospores y not be libez•ated thl'OUghout a plant'• lif apan, 

Type III Sp res (Drew 195.6) 

The third type of spor fomed by t.!. l•nseolat in November 

b liberated from • packet uf 16 ctlll. Th••• packets of cells 

r sult from the repe1ted division of~ pale spore mother cell, 

hich 1& quite distinct from darker, typlc•l vegetative celb {fig. 

l!:>-26). l'he spore mother c•ll flntly undergCNts • tranavene 

division (Fig. 16} after typical mitosis which re•• lea that of 

vegetative cell•• The two daughter tellt incre se in si 

longitudinally bec011ing wedge shaped, and eventually 11 side by 

.lde (fig. 17 end 18). Th~ second division results, not in w dge­

&h p•1 growth nd parallel arrangoment, but is some~h•t d1fforent 
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1n that ch d1ughter c 11 grows evenly at each pole 1ncr .. tin9 the 

si2e of the p ck t of four cells by l o&t h lf (fig. 20). The "h1rd 

ivi ion (F1 • 21) producer, p cket of eight c 11& (F 19. 22) and thia 

ti, e. as in the very fir t division, the dau hter cells extend to uu:ds 

e ch oth r ag in forr ing t ch racterlstic ~edge shape it, oblioue 

,. alls {Fig. 2J), and ev ntu lly lie in parallel fashion (Fig. 24). 

F lnally a fourth livi ion occurs (Fig. ~) in ll the cell proJucing 

ixteen c lls (Fig. 26), th ultimate number of sporta 1A tho c0111plete 

p cket. The cytQplasm of the indlvidu l cells end tlle gelatinoua 

• -tr1x, ,hich urrounds the p cket of c; lh subsequent to the second 

divi ion, do not &tin darkly and thus the haplold numbe~ of 

chro .. oso~ea are e Uy seen tlrO\lghout spore formation. The pecket 

of cells ,a& obsorved to increase in sire with ach cell divi ion 

and is eventually pproximat ly 1/3 larger than lts original size 

(Fig. 1~ nd 26). When llberated the sporei; re similar to the 

sexual sores described by Con,ay (1964 b) for f..a. ymbilic•llt• 

. ccordlng to Dre (1956). the1e apor a woul be classified•• Type 111. 

lthough in hor escr1pt1on of a5oxu1d Typ III spore& there h very 

little chinge in total sla bet.,een th• ori9inal. other cell end that 

of tie ult1~ate pack t of l~ cella. 

The she and th.a~,• of th cells found in .e.s, laneeolata vary 

epending on their location in the tiallus and preaumably their 

function. In November, the extreme peripheral edge of the tnallu1 h 

made up of Type 1 spores adjaeent to large oval cells hich h ve an 

averege size of 36 x 18 microns. Thee c 11 typically have a large 

c ntrel pynnoid ~h1ch aver~ges 8 x 10 microns 1n size and• nucleus 



... 11 -

loc ted ir • m1d-pa~1etal loc tion having an av r ge size of 7.0 x 

2.l icrona. ring cytokinesis theae c lls divide long1tud1nally 

Qiving ris to the sporo lllOtber cells of tht Type I sr,oree. 

V~getetive Cells Qd Mitosi§ 

~ rectangular •eetion of ~terial, • mm x 2 mm, removed 

fro."n the peript,ery of t 1e plant typically contains, in ddition to 

tne Type I tporea and the large oval cells, small oval cells ,h c.1 

~v rage 26 x 19 micron$ in site hlch re the typical v get tive cells 

of the November plants (rig. 4 and 5). The pyrenoid ii cent.r lly 

located, averagea microns in hrnet r and its app ranc fluctu.tea 

markedly througnout 2, hour p riod. In $ta1ned material, at c rtain 

tim I of day, it is very d~rk and granular nd res a nucleus 

whilst at other time 1t 1s. a p le yello·· o:r w, in color. Tho 

nucl@us is located in a mid-parietal location adjacent to the pyrenold 

(Fig. 4 and~). lt is frooi these vegetativ cells that ~uantltatlve 

data on 1tot1c periodicity waa acquired. 

Karyokin tis haa be n observ in the vegetative cell f 

L. l ngeolata •nd eight dhtinct stages have been dhcerned (fig. J;8 •3!>). 

The interp as nucleus (Fig. 27) ls characterized by e larg * solid, 

dark nucleolus hich is surrounded by a narro,, distinct ring of light• 

staining nucl•opl sm ,mich delimits tho granular appeedng .cytoplasm. 

rne nucleolus gra u11ly bec01n s fainter ~s propha e proce ·sand by 

prometapnase 1 t is no longer in evi:l nee. Prophase cons 1 ts ot three 

di tinct stages, th fir1t of 1h1ch i& early-prophate wh re three to 

five irr 9ul r str nd& of chr matin of different lengths appear 

(fig. 28) and by 1111d•propha1e th••• have shortened, becoae more 

regular in •PP••r•nce end unite, fol'lling thl'ff distinct chl'C)l'IO&Olles 
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(F1g. 29). The chroaoac.e, continue to decnaae ln length and ln• 

crHte ln wldth and by late•proph••• appear•• atubby rod• and 

frequently a bifurcation 1n the chromoa •• ls evident {fl9. 30). In 

the interval between •1d-proph••• and Mtaphaae, the chl'OII01onte1 

gradu.lly ve toward the llid•polnt of the nuclear an• when they 

line up adjacent to one another and fora 1 1"419Ul1r configuration (Fig. 

31) which h11 been dnlgnated proaetaphase. At thl1 1tage the 

chrcno1oae1 lle parallel to th• l0ft9 axla of th• ctll. They continue 

to 1hortM1 until at •et•phaee (flg. 32) they have reached thelr 

... 11e1t size and, due to their close cluap1ft9, the dlacemaent of 

lndlvldual chl'OIIOtOIDel 11 r1rely possible. Anasm-te (flg. 33) la 

flrat evident hen a apllt 11 obterved 1n the •taphaee configuration. 

The dlvlalon of the ch:roaoaous into two chrocutldt appean to occur 

1l11Ultaneoualy aa the two groups of cbrocutlda, aovlng 1n opposite 

dlrectlon1, are parallel to one another. But thla parallelity doea 

not penlst, for•• the yroup1 IIOYt farther apart they .. ch typically 

t•k• an a crescent 1hlpe and at thla point th• 1nd1v1dual chroaatlda 

can frequently be seen. Each group aoves rapidly toward oppo11t• 

pol•• in a direction parallel to the long axis of the cell. As thty 

110Ve toward their rnpectlv• pol••• the cbrolutlda coalnce to fora 

a 1olldly ■talnlng 1t1"Uct\lH (Flg. 34) hlch la typical of the early 

telophl1e figure. The group• lncrNae ln •lze and aove to• ■ld• 

parietal location on opposite 1ldt1 of th• pyrenold (f19. ~). The 

cell and nuclear aaterlal r ... 1n ln thl• atagt, late teloph•••• for 

an extended period of ti .. , flnally the pyrenold apllt• and cyto­

klnnla 11 1n1tlated. The cell dlvld .. longltudlnally with the 

lnltlal cl .. v•g• furrows appearing at both tndt of the rectangular 

cell. 
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Under the environmental condltiona of Nov.-er 1967, L, 

lanceolata exhibited a definite, ,tatlatlcally algn1f1cant per1od1clty 

in cell divlalon. Details on th• perlod1c1ty are given ln another 

paper (Prlngl• and Auat1n unpubliahed data). Furth•r data on aitotlc 

lndex, aitotlc rate and atage index will alto be presented elsewhen. 

Janyary Plant• - reproductive bodiea pre11nt. 

The plants collected in January were slgn1flcantly different 

morphologically (Fig. 46 and 47) frOIA tho•• collected ln Novtllber 

(Flg. •~). Furtheraon, the avtr•g• length and width of th• plants 

had increased to twice what lt waa ln Novtllber (Table I). In January 

three dlatlnct types of plants were ob1ervedt 

1. plants oblanceolate ln shape and t1•11ar in alze to tho•• 

plant• collected 1n November, 

2. larger oblanceol•t• plants wlth an entire outline which 

has a regular, pale whlte UJ'91n. from l·• • wlde, on the 

1lde1 and dittal end of the plant (Flt• 46) and 

3. large oblanceol•t• to 1patul•t• planta with an irregular 

sinuate urgln (f1g. 47). 

The letter two typn of plants were found ln approxlutely equal 

n\lllbera. 

The objective of the orlglnol work on Porphy[• was to 

accuaulate quantltetive dau on the Hcurrence of ka:ryoklnesls in 

vegetative cells but the m~jor1ty of plants 1n January had formed 

re roduct1ve structures, d1••1•1lar to the 1pore1 produced on plants 

in November, and th••• structu~t wtn located 1long the edge of the 
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thallua when the plants w•n aampled for vegetetlve growth 1n Noveaber. 

Thus, ln aearch of uxlmum vegetative dlvhlon• plecfl of tha111 wen 

r4tll0Ved fro,a variou1 •re•• on the plant oiner than where the reproductive 

atruc:tunt ere found. oat of the aupl•• wen reraoved approximately 

3•4 nn lnwarda frm th• edge of the thallue on both eld" of the plant. 

In 39 plant, 11 pled (thrff plants fl"Olll each of 13 collectlona taken 

every two hours for 26 con1oeutlv1 houn). no vegetative cell dlvltlon 

waa found. Thl• supported the author,' observation that vegetative 

growth •• leH than 1n November and lt was daclded to aupl• 

reproductive areaa 1n 1n att pt to locate cell• undergolng karyoklnesla. 

The white margins (Flg. 48) whieh occurred on certain of the 

Porphyra plant• ere found to be ude up of packet• of cells which 

wen thought to be 1pan1t1• by certain previous worken (Hut 1902J 

Kunieda 19391 Drew 19~). Recently Conway (1964 b) recl•••lfled th••• 

celb •nd te11NO them ~ tporet •• 11\tle evidence wH available that 

they partlclpated 1n • eexual proc•••• A pnl1Minary aeries of 

squashes of uter1al reraoved from the extrNe periphery of tbe white 

edge of .f.s. l1nc10&1ta revNltd individual paclt•t• (fig. 6) of f>.1•128 

cell• which ultimately fonatd haplold ft apor•• (Fig. 7) 2-4 elcrona in 

size. Adjacent material ~a• then r ovtd from the edge inward toward 

the lddle of the thellua. The paekett of cell• w re stlll evidfnt 

but there was a gr datlon in the nUl'lber of cellt per packet fl'Ol'I 

approxiutely 130 eell& 1n tle xtreme outer iuteri l to 2-4 cell• 

in terial 2•3 m 1n frora the edge. Neigh ring these I ller group• 
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of cell• wen lai-ge lndlvlduel cells,~ x 20 •1cron, 1n size (Flg. 36), 

which wen much larger than th• average vegetative cell and •r• tened 

hare j!i apore ther oella. The /J spore aothar cells off.a. umb\US lh 

were alao found o be raueh larg•r than the v~etative cells (Krishnamurthy 

19~). 

Although the ;J 1po,re1 resemble in appearance on• of the types 

of asexual apores (Ftg. 1~26) foned ln NovMber, their forasatlon 11 

dlaal Uar (Fl9. 36•40). lhe asexual 1pore1 of Nov_..r are for,aed 

in • regular pattern but /3 spore formation 1• re ll'regular. Th re 

t aaong worken .as to the direction in hich the f1Nt 

wall b laid down after karyolc1nea1a 1n tht ;J spore the:r c•U 

(or .. 1~). Dangeard (1927), GNbb (1924) and Iahlka a (1921) dflCl'ibe 

th• prlury wall•• bisecting the aother cell 1n a transverse fashion. 

Convenely, Hua (1902) found, for 12 1pecle1 of Potphqa located on 

the eat co.it of North erlca, that the flnt ll laid down la 

longitudinal. lm11arly the flnt •11 1• longitudinal in the rut•~l•l 

d•scrlbed here for f.a. ltnc19lata (F19. J7 •nd 38) nd th• second wall 

it pe%pendlcul1r to lt (Flg. 39). The follo· ing d1v1 ion, occUI' 1n a 

random fa1hlon (fl9. 4'0), wh1c ultlutely rnulta 1n packet 

cona1atln9 of approx1ut•ly 130 cella. 1totic d1vb1on 1n / spore 

formation 11 •1•1l•r to that d•acrlbed for vegetative cells and 1• very 

.. ,11y followed•• the cytopl111111 lightly ata1ned and the chromo1e111es 

an dark. The la1t nuclear dlvlalon it not coaapleted and teninatea 

at late proph••• (Fig. 7), •hicb la 1llallar to ts. t,o•n (Ishikawa 1921J 

Yabv and Toklda 1963). Th• ;S epore1, when liberated frcxn their packet• 

expand ln aiae to approxl-.tely • Alicrons 1nd the chromo1om become 

I 
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eore proal-nent, tranafonlng froa • circular shape to aquare con• 

fl9uratlon which uy npruent Chl'Olllatld fo1111tlon. 

Krlthna urthy (19~9) found 1t dlfflcult to lo~•te the initial 

dlvltion of the /J apor 

• • stained poorly and very few th r cell• were ln evidence. 

A further •xplenat1on for this ay b \hat the mitotic periodicity 

found ln f.a. hnceol ta (Pringle and ustln unpublhhed dat•) uy 

prevail 1n f.!. Ulftbilicalls; thus if th latter apecl•• were not fixed at 

the tille of day karyoklnttlt •• 1n1t1 ted it uld be difficult 

to locate /3 pore ther c.lls wit, dlvldlng nuclei. The Aaitotic 

perioiclty of the vegetative cell• of f.t. l a 1• rzsatntalned in 

the lnltitl cell dlvlaion of all type• of mother cell•, but 11 

gzadually lott 11 the nullber of cell• per packet increases. 

o<. Spo (Conway 19M b) 

Plants of Type J (flv. 47} ere sectioned 1t al tlar 

location, to the plant• that produce /3 1poi-e1 a thua four adjace t 

pleeea of thalll wen rtnaoved. There wa1 no unlfo lty in cell struc• 

tun and 111• 1n thla region •nd .. ch aqUaah exhibited a wlde r•ng• 

of cell type•• Thia d1v•n1ty in cell types 1• ln c plete contr11t 

to th ••- regions of the plant• hich bear,,B aporea here there ia • 

c plate h ogenlety of cells. s of the cell typea tontalned ab 

Chl'OIIIOI •• the diploid n r, and thua the posalbUUy exhted that 

fertllizati takea place ln this apec1 • f Porphyra. review of 

the llt•r tun NY led that very little 11 kno.n about the reproductive 

structuna 1n f.a. \anceolatf but r ant .orken (Con•y 1~ &, b• 
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Krlahnaaurthy 19~9) auggfft that fertlllzatlon uy not occur ln all 

•pecln of Porphvra. The few 111uatrat1ona pre•enttd 1n the literature 

of the atructuna involved ln fert111zat1on for Porp xr• were not 

alm11ar io those atructur•• conti uoua tot• cells •hich contained 

1lx c1romo•ome in uterlal of tie present work. Hence, reprnentatlve 

cell type• re dr and their reape tlv• mea ure11ent1 recorded in an 

attapt to identify t1e c rpogoni and dasc 1be the f rtlli1ation 

procesa for this 1p cl s. 

The raoat abundant structuru in the•• latter typn of plant• 

ar distinct groupa of dark at 1n1ng, wedge shaped cell• (Fig. •3 and 

44) h1ch •rt preatnt on at plant■ collected in January which do not 

contain /31porea. 'fheae "groupa" of cell• are, at ticaH, located adjacent 

to the cells witt, • iplold nl.llDber of cnromQ101H• but there d~• not 

appear to t • direc conn etion ~tween th•• The ther celle, 

lch give rise t theae group• of cella, •r• large, dark and are about 

•~ x 30 microns in sl •• The nucl ua gon through the var1oua atagH 

of karyoklnuta and cytoklneaia resulting ln the flnt all being 

layed don parallel 1th the lon 1tud1nal axia of the cell (Fig. 41), 

giving rite to two daughter cells 4 x 10 elcrona in 1l1e. The 

nucleus of e ch daughter cell ivies• ain and. cytokinHls take• 

plat~ in tr navene direc 1on (fig. 42). Cell dlvlllon then occun 

in • Hnd fashion until approx1 tely sixteen cells have b4ten formed 

with obll • cell lls (F g. 43 and 44) and rt11Uln •• auch for• 

con iderable period of tie. Aa each cell d1v1tion take• place 

the cytoplasa tins ore darkly nd the cell• remain in thelr 

in ividu 1 roupa lt oug t,e~• la no visible enveloping uterial. 
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The• groups of cell• do not give rite lilllledlately to 1pore1 at this 

ti of year, if indeed they do at any tlu, but nu1n ln groups for 

a p rlod oft a in thia respect they y rea le whet unleda (1939} 

termed carpospur fo t.l n in .u. tenera. The latter auth<>r 

ob rved th t pi ff of t••ll cont ining group, of carpoapore other 

c lla ould rop aw y f the th llu fore carpoapores ere form d 

and, to find ure pores, the l•tt•r auth r sug ested picking up 

drifting ghun t of 111. 

The fol'IIAtion of th••• group• of cells with obli • 11 

(Fi. 43 and -44) in!:,, 1ancn11ta re, le, the ducrlption glvtn for 

ol apore fo tion by Conway (1964 b). The latter author describe• 

globul r apor • f n in large proportion, on th• thallut of f.t.. 

Y!b&llcallt• T ••e spores •r• for11ed fr a aother cell which under­

gon repeattd division •1th tbt 1nit1&1 div1a1on, in st c4sff, 

taking pl•c• lon ltudinallyJ the following dlv111ona taking place ln 

a r ndom faahlon fo111ill9 • packet Qf cells of no more thin 16 in 

nu r, each of which wten 11 er tee.I IN 10-12 1crons in dia eter. 

The group• f c•lla scri d l 1tly for£.:. lanceolata 

could conceivably give ~1•• to apor e aimilar to t>( aporeaa thus, in 

thla apeciee, the fo tion of o<' aporea it inferred. 

Ind f le Cella 

Stru~tur••• quite distinct fl'Olll the group• of o( •Pore ther 

cell , occur abund nUy 1n the periphenl three mU11 tre of the pl nt,. 
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n of the e consists of lerg , lightly st ining c 11&, 50 x 2~ 

icrons in aiz (Fig.~), •hich t tim•• eontein the diploid number of 

s. It as felt that thes cells ay be carpogonla, thus 

ag eing 1th the description given for carpo oni in l!.t, .1 .................... ..-

(U rt old 1882). Celli containing fro. one tot n densely tining 

atructur 1 • found in close association it, th c rpogonie nd, 

al though • 11 r I Ncture1 have not be n rel ted to f ertili ation in 

J.·otphy • nor have tney been d acrib u. th y ·Ul b referred lo h re 

as l "g etangiophorea• ( ig. 50, l nd · ). 

f rtili ti n 

The "9uaetan9iopb0re11 is initblly observ containin mall 

mal g etangia noae nucl 1 divide repe tedly (Fig. l). 

Nucle r division continue, until the 9 tangi 

of auffici nt ah to fill the s utaat xpanded ga n iop!1or (Fig. 

5 ). In I e instancea hat y be f rtili ation tub d v lops f 

th g metangium w ich penetrate& the ,all both of t e g m tang1ophore 

and also an djac nt carpogon1U& (Fig. ~ and 54). The al g m tea 

are seen in th ''f•rtilh tlon tube· &nd m y be d1 charged into the 

carpogoniurn {Fig. ~4) · \ere, af r dbcna:rge, on le nucl us in-

er ize and la contain d by dietlnc nucl r br n 

(Fig. 4). The l t er ch ract rist1c diltinctly 1eperat 1t from 

typ1c l veg tativ nucl 1 hich hav indi1tinct nuclear membrane. 

0th r structure er ob&erved (Fig. 55•57), hich my be 

no her form of the .. lo sexual c plex" of :...s. hnceol ;t and re 

ore numeJ'Ous th n the above de1cribed gaae angiophore which bear 
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g eun.b 1th "ftrt1lizat1on tubes • Thia "other type'' of gilmetangiwa 

doea not increase in 11ae 1nalde the guw,tangiophore ea d••~ribed 

above, but continues to divide until tnt ~•aetang1ophore ia filled with 

, ny mall gameUn91 (Fig. ~). Thue gametengia art then libereted 

from th• gemetan 1opnore (Fig. 5!>) to an 1ntel:'-c•U.ular po&it.ion, wn•n 

they increase in di enaion {Fiij• ~) and become funnel au.ped a the 

nucl 1 lth1n multiply in number (fig. ~7). i \ t thi• stage the g•••t•• 
are int.enaely ata1ned and 1·esemble ••11 nuclei. 

It is not clear a, yet why the male reproductive complex 

ex1ata in two fo s, but it could b& that if the gametangiophure 

develops adjacent to a carpogoniu • then the gamet ng1a m turt 1ntra­

cellularly. due to female normon l influence, which may also induce 

t • proliferation of the fert1liiatlon tube. Othe:rwia• the gametangia 

are libera ed, develop 1nter-cellula~ly and take on• funnel shape 

wnen in cont ct 1th a carpogon1ur~ or e hormone derived frOlll uch. 

Carpospore Development 

The post•fert111zatlon process. as obseNed ~•r•• doe, not 

1n~lude raeios1s. which agrelff with th• f1nd1nga of r cent wo~kern 

(lii.gne l9~2i KltQ 1966}, although older wQrk•n {Berthold l882J 

D.ni&ard 19~7) claimed tha\ reduction dlvbion takea place 1" tt,e zygote. 

· ny carpogonla were obsened to contain a single, globular, dark 

1ta1n109 structure (Fig. !,$), which hat been interpr•ted here ,, the 

fusion nu,leus. If the latter interpret•tlon 11 correct, then it h 

a prolonged tote. as many carpogonia were found to contain this 

ttiucture. · ltos then proceeds in th diploid cells (fig. 65-73), as 
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d scribe for the eploid vegetative cells, exce t that tne n1ult no 

d1u9 ter groups of chromatin re a1n at the poles of cell• (Fig. 72) 

and cytok1ne1l1 tak•• place 1n a tranav r fashion. The carpogonl\.111 

h then dlvld d into two ual daughter cell (Fig. 59 and 60) nd cell 

division y procud in eit.h r oft t,o halv s or both of tte. 

Th second nucle r lvl1i reaults in the cell ll bw1ng laid o,n 

p r Uel to th longitudina.l axis of U1 cell (Flg. l) an tr nsv rs 

division ten ensue to fo1 ulti t c rpo ore-cont lnlng 

1tructure (fig. 6 ). Q pores, 8-14 icrons in lz, are lib rated 

(fig. 63) •1th• few ge in in ~nil ill in the ttallus (ti. 6~). 

Conway (1964 b) al o obaer.ied c1rpospor a germinat1n in th t llus 

of f.s. J,Blb1Uc;alb. •• th y harl become en tied in the 9 1 tinous nv st-

■ent which surrounds t,e cell. 

The •·fertili tlon" process, a eacri here, iffers 

dgni le ntly frOi tit t pr viou ly descri 

or rs ( rt1ol 18821 

e ne 19 2) aint•1 ed t t the 1p ti 

J for the nus ..................... 

eard 19 7; I1hika a 1921, 

t ed /3 spores (Conway 1964 b). 8 rthold (l 

he c 11• that are now 

), inf rst dncribing 

f rt111zat1on in orph·v·a, ob rv d nu ber of •~ ti adnering to 

to tn 111 of£.:. leuco1tictt nd elow t can la rou , ti , ucilage 

re observed wn ch temina te t w I t ,e term d c rpogonia. Tl•••• 

c n ls - re toug t to f netion a fert1l1tation tubs. thout 

nav1n observ ga, • p• a on the canal, rthol · felt tnat tnia 

repN1entej t • le reproductive c plex of Po[Rhyra. her authors 

(I 11ika11W 1921; nie a l9l9J agnt 1~2, rhhna rt y 19!>9) ha 

observed t • round :ructure 1tt ched to th surf ce of ti& h llut 

but very few oft••• ~utnor1 pre, nte ~onvlncing evident• of 
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fert111 t1on. HO\ ver, egn (1952) 1llustr ts prophaae nucl us 

in f1ne tube wh1ch connects a structur on th surf c with cell 

in th thallus. Conversely Hus (1902) did not find any ev1denc 

fertilization took place ln lJ species of Porphyr although h · id 

observe structures. on th surface of t · e thallus and cen ls projecting 

fr m them throu h the mucilage but stated tn~t th structure, were 

fungal in odgin. Si Uarly, Kuniede (1939) describod similar 

structur a on J!:. t n ra and f lt they were th• result of an infection 

by oomyc•t••• The latt•r author roe rded other stl'Uctures on t • 

surhe. of the th Hus .•,hie I he f lt ·,ere apermat i • and suooe ta y t 

anot1 r type of fertiliz tion for Pore yr. He cl ims th carp ~onia 

extend a pr1 itiv trlcn gyne through the surface of the thallus .which 

engulf the apermat1a, and men ions that• ore compl ta description 

of tho fertilization proc•~• would be fortncoming at a 1 tr date; 

a& fr a1 the pr sent auth~rs •re aw H• it was never publlsned. In 

contra t lshika a {1921) egreed with the int rpr tation of ertholci 

r~ard1ng fe:rti.Uution in .f.a. ten .ra es he saw runy spermati& on the 

s rface f the thallus n1th a few of tt attach a tot prim1tiv 

trichogyne. ~g•in, f•rtlltzatlon was not observed. but subsequent 

work was pr01Dlstd which,•• f•r 11 the pre ent author, ere a are, 

never a p red. ' risnn murthy (1959) sa~pled ?>O plants of~ 

umb1lic•l1t in en attempt to locate the fertilization procesa. In­

frequently, h• ob rved plants with sper-Htia on their surface but 

fur her evidence of fert11iz•t1on was not procured and a coaprehenaive 

cytological 1tudy 1howed a complete lick of dtplold cells. 

Plan I off:. Aanc ol ta, a describ here, forra /Jspore, 

or~ ~th v been emed sp atia but t no tie nre t eae apor 

obael'Ved in connection wltb the plilnts that bear cerpoaporas. 
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A possible reason fo~ tbt lack of evldenct ln th• literature 

n9al'dln9 1exual reproduction ln folPhYP uy be due to tht existence 

ln the genus of marked periodic rhyth111 in lta dtvelopaental proc••• 

which y well be linked to environmental conditions. "' statistlc.lly 

1l9nificant per1od1c1ty of mitosis (Pringle and Austin unpubllah d 

data), exi&ts in ...!. 1 and the rnythm 1s such that karyo-

kine• s ls initiated only bet een the hour& of 1430•1630 in both 

haplold and diploid celli., Thus, if thes plants were fix d at n 

hour of the day hen cells were not undergoing the early Gt gea of 

■1toris, th~ diploid cell& would not be seen and therefore, u umed to 

be lacking. 

The marked periodicity evident for c•rta1n cytol0g1cal a1peet1 

of P, lanceolata 1U99ests thet other activities, such as the in1tiatiQo 

of aexual rep~oductlve structures, might be a periodic phenomenon 

controlled by an •Mogenous factor. Such ts the c~s• for ~rasiole 

(Frl.cman 1963) and Halicyatis (Page and Kingsbury 1968). If the 

1n1ti•tion of r•pl'Oductlv• structures ta controlled by en exoganous 

factor, there is then the po-ss1billty that all plants of th t &pecies 

in a particular ge0gr1phic&1l area, or even in an aasoc:htion, may 

not .ave been subjected to the ccmdlticm required to initiate tbe rt• 

1pon1e. For instance, meicals in I mutant of filn mutabilif (Thieden5 

and Leuthen 1967) ia lnlti~ted by change in culture media and a 

et~1lar phen01Benon control~ the occurrence of meiosis in Prasipla 

(fdedman 1963}, when under 1!l situ conditions. Similarly, eiosis 

in Porphyra coul be influenced by environmental factors ~hich could 



explain the flndlng of .. 1oa11 at the &ygote at•;• by ,.. rken 

(Be old 1 2a DI eard 1927) end aot by othen (1119 • 19~1 nto 

l ) • cau1e •1 la ... f 1n caipospon fonaatlon 1A 

Jan ry for uterlal of !!.a. l1ngolat rlbed n. 

that 1t •Y not occur at thl■ locatl l eb ry or March. It la 

t el to • nt t t lt •Y not be aolely 10 • en f1ctor 

lch lnltlatn t cell to u ezgo • ural change r • at un 

to ergo a pnenoa1enc111 1a •1otllt but that , en •Y be an 

lnterectl et..,. the physlolo;y of the cell and tnvlron1N11tal 

fac on. In • plant • •• Porplwp. en • nmu»•r of types of 

np1roc1uct1 • 1t.ructum an foned coulstently lt la po111bl• t t 

t elr foiaatlon uy be at l•at partly g •m y t • caprlcl 



L. e.trfor t , -hein coll cted ln November, 1111 found to 

verge 7.0 c. x 1.1 cm. in size bnd most plints had an extern l 

. orpflol y hie could be · escribed aa obl nceolat1h Three type of 

por , ,, re pro uc d 

·ho tated tl t 

hie 

hey 

tnos dt&cr1bed y previous authors 

re as xual. o evidence existed that ferti-

1 i ion d occurred prlo, to tl,e collection of plants 1n Nov , ber 

e all cell$ tudied con ained thr • chrom some&, the haploid nutl\ber. 

Plant collected in Janu ry coul b classifi into thrff 

1 tinct groups on th baair. of their morphology. 1he ind apor 

production. T ver ge she of th plant ~- double that of thoi.e 

collect d in Nov mb r. C rtein larg obl nceolat plent had a pale 

yello' p rlpheral edg ·hich ><t nd d fr th <iht 1 end of t 1 plant 

to ard th holdfa t. The pale yellow r as con 1 t~ of pac et of 

haploid cells whic ultimately produc Q pprox1m tely lJO /J spores. 

Ot er lants re patul tlll to bhnc olat and h d an irregul r 

tnuate ::ige hich wa teirog ous as r gard cell type, and ah 

cont ind groups or packet, of c lls. ·ost fr uent among t t ,e& we.re 

pack ts of approxim.at ly 16 dark • • .iedg sh p d cella ·hich :re thought 

to give rls to o<. porec:. Intermingled among t th . • g oups of c lh 

re l r e, pale carpo onh, o of t,ich cont in d h diploid 

numb r of es. Follo 1ng · it mi ht be int rpre ed a, fer 1-

11 tlon, cytokin ia take pl ce in the carpo onin number of time1, 

r suiting in tl, f rma ion of c rposporua. f rtiliz tion i tiought 

to bo eff cted by ''male gemet cells" ( p rmatla), micl are formed 

- 2 -
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ln la • n n withing tangia. T latter -•re 1th r ll nted 

f a g etanglop ore or tty tur ithin the ga tanglo ore. In 

t CIG , fe 1!1 hich 11 ere•• g te 

If r p ito 11, during which the iplol 

s erved, •• foun to s1aUar to that 

oft• veget tlve haploid cells. ltosls ln f& lancltOl ta ••not•• 

hhik• (1921) escrl~ 1t for • tenera, en he felt lt res ltd 

1n rt ait.osi and 1n J)lrt aeltoala, t aimilat' to that of...;.;;;:.=_.,. • 

._r..1a ( u tin and Pringle l ) and no unlike that described for 

igh•i- pl nts. 

T~• 11 blanc olate plants collected in Janua.ry us led 

t .e plants coll cted in ovember and y ~• ult f the ge 1nat1on of 

ue ual spores produc~ 1n he Fall. Thes• plants were not observed 

to give d • to d or /J pores but dld produce asexual spore lcl 

ere al•ilar in •1~• and 01~hology tot sexual s re produced 1n 

OV 81'• 
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flg. 4 

fl • ~ 

F1g. 6 

Flg. 7 

F19. 1 •pore IIIOther cella. 

fl9. 2 tnnaven• dlvlal of mother cell. 

fig. 3 three 1pona aurrounded by gelatlnou1-llk• uterlal. 

Vegetatlv• cell• t.n ""rly-" and ••id•" stag" of karyoklnesla 

(X600) 

field of vegetative cell•• 

!nucleate cell• an ln the late teloph••• I karyoklneala (X240) 

Broken packet• of /3 1pol'ff. (X660) 

Ll rated /J apor••• (X2660) 

fl. •9 Typical 

Flg. I Thick alled spores. 

Flg. 9 d and oval ahaped 

The oval thaped apor•• dlvlde to give rl•• tot 

oapor11. 
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flg. 10-14 oapon fo11111tl • 

Unclrcle fl urea reprntnt ahe of cell ln llicrona. 
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Fomat1on of Type III eporea. 

unclrclH nUllben npns•t the •lze of the atNCtun in 

alcrona. 



fl;. 27 Vegetative cell wit • ranular pyrenold (P) and 

•n lntezph••• nucleus (N). (Xl400) 

Fl• arly roph•••• (X4'000) 

Fl • 29 Mid p •••• (Xo4000) 

F19. Late p hi••• (X«>OO) 

P etaphaae. (X4000) 

fig. 2 Metapb••• (X4000) 

fig. 3 Early anaph••• (X4000) 

Fl • 34 Early telophaae (X2000) 

(N) nucleu1 (P) whit• pyr.nold 

Late t1lopha1e (X2000) 
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Fig. 36-40 /3 spore fo tlon. Unctrcled n 

,tructun. Black circl•• nucleus 

lte clrcln = pyrenold 

Fig. 36 /!> spore aother cell. 

Fig. 37 Lon91tudlnal dlvillon of the /J spore 110ther cell. 

Flg. 39 Tr navene divlslon. 

fig. 40 
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flg. 47 

Fig. 48 

Flg. 49 

spor fomatlon. 

F1g. 41 Large mother cell foll lng longitudinal 

cell d1v1t1on. Pyreno1da of ach cell have 

split whic prece s he aeeond divitlon (XlOOO). 

fig. 42 Group of four cells folio in<J transverse d1vlt1on. 

Thi ~itotic dlvlsi proce (,<.1000) • 

fig. 4 Packet& of cells hich may lve rlae to spore, 

(X~). 

Flg. 4"' Packe of cells (Xl 00). 

Typical ov er pl nt. (Xl/3) 

Iypical Janu.ary pbnt which give :rise to /3 spor e. (Xl/3) 

Typical Janu r; plAnt which H exu 1 repro1uct1ve 

struct.ures and o< 1p0r s. (Xl/3) 

Peripheral white edge (bet en rrowa) of January plant 

hleh b ars; spores. (X4) 

Tranap ren p rip er l r s {bet n rrows) of the 

tuallua of pl nt hie; 9ive ris to d spor • in January. (X4) 
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Fig. 58-62 The poat•fert111zat1on process. 

Fig. 64 

f lg. 58 A Ught•sta1n1ng circular carpogonium (C) 

which bean a black n"1cleus (N) ahich My 

•lther be the male or fusion-nucleus (XlOOO). 

fig. ~9 first division (transverse) o.f a earpogon1tt11 

(XlOOO). 

fig. 60 Two lightly•stalnlng carpogonia one of which 

had unrl ~one c 11 division (XlOOO). 

fig. 61 T1.10 c1rpogonla one of which ha1 undergOR• two 

cell divisions (xl200). 

flg. 62 A carpogonium wh1cll continued d1vh1on on only 

one side, tne ark side (Xl200). 

Possible earpospor s (Xl~}. 

Carposporea which bave geffllnated in the t ~11us (Xl:.,00). 
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Fig. 66-7J Th st•ges of diploid karyokinesis. 

fig. 65 Interpha e nucl us 1th a prominent nucl~lus (NS) 

(X4000) 

fig. 66 E rly prophas (X«>OO). 

Fig. 67 ld propha1e (X4000). 

Fig. 68 Late prophase (X.4000). 

1g. 9 t ( 4000). 

Fig. 70 · taphas (X4000). 

Flg. 71 napbase (X4000). 

Flg. 72 1 elophas (Xl300). 

Fig. 73 Telop~a,e with distally loceted nuc1•1 (N) 

nd lightly staining pyrenoida (P). The latter 

avifli juat d1v1ded prior to cytoklneais (Xl200). 
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over th• year• ao1t nuclear cytologist, working on intertidal 

marine algae, have collected their plant material at low tide when the 

plants become readily available. Other workers have stated that 

environ:aental conditions affect the ttmporal occurrence of mitosis 
' 

and collect their plants •t specific ti••• of day or night and at 

variou& combination, of tidal level. However to the authors' 

knowledge no attempt has been made to acquire quantitative data on 

the distribution of karyok1net1c figure• over a 24-hour period 

.either in the lab or .!!l ~. Evans (1), working on three species 

of Fucus, apparently fixed hi• material throughout all seasons, 

at ,all times of day and night during which ti••• the plants were 

subject to varyln9 environmental conditions. No periodicity in the 

occurrence of mitosis wa1 evident although the author did not use 

quantitative methods. 

However, quantitative data on diurnal mitotic patterns 

have been obtained for varlou1 higher plant apical and root 

•eristem1 (2). Certain of th••• plant, thowed peaks in karyoklnesls 

during a 24-hour period, but ■ost stag•• of mito1ls were observed at 

all houn of the day and nlghtJ a synchrony in mlto1i1 was thus not 

evident. 

Dally patterns in the incidence of mitotic fl9ure1 have 

been studied extensively in unicellular algae (3), and the cells of 

most species maintain• natural periodicity which can be 1ynchronlzed (3) 

under rigid culture condition,. The dlnoflagellate Gonyaulax 

polyedra (4), exhibits an endogenou1 rhythm ln cell division, but 

each cell in the population does not divide every day. This partial 
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synchrony of cell division is referred to as phased cell division. 

Thia short note reports the initial findings in a progra111111e 

involving the sequential sampling ind fixation, over 24-hour periods, 

of aelected marin alg1e from various levels of the littoral end 

aub-littoral, using aqua lung techniques, together with the monitoring 

of gross environmental factors. Reported here •r• preliminary data 

on Porphvra lans•olata (Setchell & Hus) G.M. Smith, a high•intenldal 

plant and RhodorneAa .l!.!l! (Turner) c. Agardh, a •1d•lntertldal plant. 

The plants were fixed and atained eccord1ng to the pnctdure of 

Austin (5). 

f• lan,eolata was collected in situ every two hours for a 

24-hour period on November 2·3, 1967. Quantitative d ta on the 

occurrence of mltoai1 in th••• plants was obtained from three, 

¾ 11111 x 2 •• squashed and stained rectangles of uterlal r•ovtd 

from the peripheral edge of each plant. The cells from each 

individual aquash were sampled using a Zeiss Integrating Eyepiece 

which randomly designated 2~ cells per high power microscope field. 

The nucleus of each of these cells was e1te9oriied •• either 

interphaae or•• one of the stages of ktryoklne11s and since five 

fields per squaah were sampled, 12~ cells per squash or 37~ cells 

per plant were scored. Three plants per fixation hour were sampled 

in this m•nner in an attnpt to acquire statistically 1ignificant 

data. A plant mitotic index was calculated and cOllblned for the 

three-plants taken per fixation-hour, yielding one mitotic index 

per fixation hour. 



Tbe vegetative c•lla of P. lanceolata exhlblt • dlstlnct 

perlodlclty 1n cell dlvl11on (Fig. 2. P•rt 11). Ind tu ,,.aka an 

atatlatically aignlflcant at th• - level (Table 1). The J'hythll 

la not of the type found 1n higher plants, aa all stages of ■lto1l1 

an not found throughout the 24•hour period, howevel" it doff reaenibl• 

th• phased cell division rhythl1l found in Gopxaulu pglyedra (4). 

Karyotlnetle was lnltl ted s •~bat later than 1430 and at 1630 the 

propbat• 1t•9•• of mitosis together wlth prOlletaphase, etapha••• 

anaphaae and early telopha•• _,.re observed ln far greater numbers 

than at any other tlu during the entire 2•-hour period, (Fig. 2, 

Pirt l, table& 2 and l). The cella obsel'Yed ln th• t•early-.. 

and "llid••• sugea of karyok1nesis J'apidly decnaaed in number 1ft tbe 

fixation , un 1alned1ately follo 1ng 1630 until by 2030 there are 

virtually none ln evidence. the interval between th• completion of 

karyoklnN1s an the 1n1t1at1oa of cytoklnealt h prolonged 1n thl• 

partlcul•r ut rial. tbue th•n were far re cells obs rved ill tbe 

late telopha1e stage (fl9. 2, Part II), than ln the other phases. 

The late teloph••• stage reached a uxlllNll at 0230 •nd then decreased 

rapidly •no •t 1430 not on11 single cell wu observed in any one of 

the stagH of k1ryoklne1la. 

& larlx was collected .1!! !ll!! on July 27-28, 1966 and aft.I' 

a prelt•lnary cytologlcal exploration young raaull at the apex of tM 

pl nt were chosen for itotlc tnve1tigatlon throughout the study. 

Thffe small, apical r 11, when capa:ted to the larger nauU found 

tbi:~hout the nst of the plant, contained• fu 9nater l'Wllber of 

cells with nuclei ln k•,:yok1AN1a. There was no 9r1dl.n.t ln eltotic 

Index throughout th• flnt allllaeter of thn• raau11 but the distal 



2!K> lllcrona of each ch.oaen naulua ••• naov8d and dlacarded due 

to tu ... 11 cell 11z• end the adjacent !JOO elcron, was squashed• 

atatn-,:t and quantitatively ••••••ed for mitotic index. Squaahts wen 

ude from thr• ramu11 per Flant, and three plants per fixation hour 

••r• sampled for cells w1th nuclei ln karyotlneah. Th• 1aapll119 of 

individual 1quaahe1 and the nuaber of cells counted were•• described 

for Pore yra • 

A periodicity ln aito1l• 11 evident for !ia \ar15 (fig. 21 

Part I) which 1 statistically aigniflcant at the,~ level (Table•>• 

and NS.Olea the , 1tot1c i-hythnla found 1n 1gher plants, thus 1t la 

asynchronous nd not a pbaaed type of rbythra. C.lla an found at uch 

fixation period with nuclei in all stages of ltoals, but at certain 

times of day there is a gnater number of nuclei ctively engaged 

ln lcaryokln•sls. 

furth•r atudlff froa collKtiaaa ude both la Ill» and under 

l1bor•tory condltlons are under way in an att-,t to lnv•tlgate the 

nature of the rbytnraa. Varloua envlromtental panMten wue 

IIOftltond during the work and data cornlatlng the app .. rance of 

■ltosla with certain gro.a tnvlrona ntal condltlon1 wlll b• nported 

•11• hare. 
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Table 1. 

f• lanc,olata fixation data, ahowing the Hin values 

for thrH plants per fixation time and its rank in relation to other 

fixation t1•••• Statistical slgnificance between meana (Duncan's 

test) at the~% level is shown. 

Minor Fixation Mitotic Index per Rank 
Time Minor Fixation Hour 

0830 o.o • 
1430 o.o a 

0830 0.11 • 
1230 0.18 a 

1030 0.21 • 
0630 0.3~ • 
0430 2.!)8 a b 

0030 !).38 b C 

1890 ~.87 b C 

2230 6.31 b C 

2030 7.20 b C 

0230 9.33 C 

1630 9.42 C * 

* elgniflcant difference(~% level) at termination of each seriea 

of letters 



- 7 -

Table 2. 

The rank of the treat•ent •••n• for the number of cells 

with nuclei in a stag• of prophase observed per minor fixation time. 

Statistical significance between aeana (Duncan's test) at the 5% 

level la shown. 

Minor fixation Treatment MHn1 Significance Rating 
Ti■e ranked in she at ~% level 

0830 0 • 
1030 0 • 
1230 0 a 

1430 0 a 

0030 0 • 
0430 0 • 
0630 0 • 
0830 0 • 
2230 0.333 • 
2030 3.00 • b 

0230 4.00 • b 

1830 7.00 b 

1630 14.67 C * 

* significant difference (S% level) at tenination of each 1erie1 

of letters 
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Table 3. 

The rank of the treataent means for the combined totals 

of cells in pr011etaphase, metaphase, anapha1e and early telophase 

stag" (mid-11itotie stages) observed per minor fixation time. 

Stat11tic1l significance between meana (Duncan'a test) at the 5% 

level is 1hown. 

Minor Fixation Treatment Means Significance Rating 
Ti•• ranked in size at 5% level 

0830 0 a 

1030 0 I 

1230 0 a 

1430 0 • 
0430 0 • 
0830 0 • 
0630 O.333 • 
2230 0.666 a 

0030 0.666 a 

0230 1.666 • 
2030 6.00 b 

1830 6.33 b 

1630 16.33 C * 

* algn1f1cant difference (5% level) at tel'lllination of each series 

of lettera 
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Table 4,. 

E• larix fixation data, showing the mean mitotic index 

values for three plants per fixation time nd its rank in relation 

to other fixation times. Statistical significance between means 

(Duncan's test) at the 5% level 11 shown. 

Time of day Mitotic Index per 
Fixation Time 

(three plant mean) 

1100 hrs. 42.56% a 

0100 hrs. 51.42% • 
0~ hrs. 68.16% b C 

144~ hrs. 68.7!>% b C 

204~ 82.67% C * 

* 1ignifieant difference(~% level) at termination of each series 

of letters 
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