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INTRODUCTI O~ 

Experime~ts measuring productivity of aq~atic plants usually 

cetermine changes in pH, radioactive carbon dioxide assimiJ<ltion~ or 

oxygen production for short: r,:criods of time. These shoTt-term values 

are then prOjected to give daily or ot/Jer lnng-tel'w va:ues (Nagui-ce 

and Neill 1.97J.). P.O'ilever? extra.polating a short-term productivity 

value to c;ive a daily or 10nge-::--'C2:::T.: value does not take periodicity 

of prod~ctivity into consiQ2r~tion (Doty et al. 1967). 

A diurnal d:fierence in productivity of a~~atic plants was first 

'observed in a pO;Julation of r.,a::-ine pi,ytoplankton by Doty and O~;uri 

in pDpu12tions of beth fresh wa~e::- and rn2~ine ~hytoplankton (Yentsch 

Ryt~-:e:: 1957; S:1:'L:':::'C.~ - -- ,. ,..... "\ 
.i.':JOj) • . 

i~ productivity always occurred during the ni~ht hours. Bel~kov and 

Motorina (1961) reported a similar periodicity in productivity of the 

stringless Saks bean. The existeuce of a similar diurnal pro~uctivity 

rhythm in these two extremely different groups of plants sug~~sts its 

possible existence in all pl~nts. 

Several investigators ha ve at~empted to determine the presence 

of a diurnal periodicity in productivity in macroscopic al~ae. 

Conflicting data have resulted fro:-:: these studies, hm.;ever. SHeeney 

and Haxo (1961) in their .:; tudy of /l.c2tabularia major detected a 

\ 
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diurnal difference in oxygen prodcctio~ in plants measured under a 

iig~t intensity of 1500 foot C~~d~2S at i2aO a~d 2400 hours, and 

subjected to either ccnstant lieht or elte:~ating light and dark. 

The higher point in productivity was consistently at 1200. 

There are severa: hypotteses which can be prcposed to explain the 

differences in the activi~y of the plants at these different hours. 

One hypothesis is that the chan3e in the photosynthetic rate is a 

resu:t of a change in the respir~ticn rate. It is possible that the 

;;hotosynthetic rz. ·::~ at 2L,GO is 10"(-]2r than the rate at 1200 because 

, t ~2 respiration rate at ~~~C is gr2~~er th~~ the rate at 1200. 

a:ld respiratio:1, is constc:nt throughout the day. but its Cov.p0:1i?r.'.: 

parts have synchronized altern.:::.ting rapid and slow rates. Frcm the 

study by S~veency and Haxo, it is unknm.n if the respiration rate at 

2400 is different from that at 1200 since no respiration ~easure~ents 

~.;ere made. Another hypothesis 'ilhich mizht ex;>lain the difference in 

productivity rates between the hours of 1200 and 2400 is that rapid 

rates in proC::uctivity might alternate "ith slovler ones. Since only 

two measurements were made in a 24 hour period l the productivity is 

not proved to be diurnal. 

Blinks and Givan (1961.) atte~pted to look for the existence of 

a rhyth.i11 in productivity by monitorin~ oxygen production in 12 species 

of te;nper<".te marine alga.e. The productivity measurements were all 

made during the daylip,ht hours at a light intensity of 900 ft-c. 

The investigators reported that they were unable to find a diurnal 

\ 



~~ ~~oc:c ~~y i~ a~y cf ~he 12 s pecies. Several p03sib:e 2xpi~naticns 

h~ve r eport2d a p~o~~ct ivity rhyt:~) the r~ythm was in p~otosyn:h2tic 

ca",:Ji:city. The pl"lOtoSynthi?tic capacity of a plant is the rate of 

photosynthesis which takes place u~der conditions in which the bio

chemical apparatus of the plants is the limiting factor. To wcasure 

the photosynthetic c;:pacitY9 the li£,~t intensity must b0 above the 

"saturation ,oi~t of the ?la~tsp which is ~hou~ht to be 1500 ft-c. 

Since tte light inte~sity in this experiment was well below 1500 ft-c, 

the P~lotosyn'.::-:etic c;:paci'::y ,-:'::3 .:ot fllC;&st:red. In this stt:d~r l~y Blinks 

C~ly when the bioc~e~ic;:l ~p?~r~~es is ~.~ li~itin~ f~ctor in photo-

synthesis should a r;,yttm in productivity bE: expected. In ::hc studies 

which have reported a diurnal rhythm 1.'1 productivity, the low point 

in productivity occurred during the night hours, and the peak occurred 

cLring midday_ By the selection of their sampling times, Blinks and 

Givan may have failed to observe a productivity rhythm. The times 

selected for observations m~y have been on opposite sides of a peak 

or 101.,t point in p~oductivity, thus depicting similar rates. 

BU0~eln ( 1965) reported a diurnal ppriodicity in oxyr,en production 

of the ~:-01m alga PadinG'. crass?. In this study the plants l.,tere 

incubated for 60 minutes at a light i~tensity of 1200 ft-c. ~easure

~ents made at one-hour intervals demonstrate a peak in productivity 

at midday and a low point in ~roductivity during the middle of the 
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T j rec sets of plz~ts were used on an alternatin~ basis to cake t~e 

, , 

0 .)$(.: :"'\ ·.,,: :..:. \"" ... : ..... 3 • th~s technique~ it 

is necessa ry to 3,Ss;.;.r,:2 t~ ... J. t. all cJ: '': :-. .;! ~:; :;;,:· • .:s ilo.ve the same 2.ctivity 

rate. This assumption has not 1:;012n ::'::'.0' .. :. 'CO b2 co:::'r2ct: by tGe 

investigator. 

An interesting p:'enor:.enon reported in the periodicity studies of 

s e veral investigators is the i!1r.i bition of the rhythrn by exposing th2 

~la!1ts to a constant light intensity. This reaction tas been reported 
~ 

by ~{arren and lh:kins ,_, .~' ( 1) in the rhythm of radioactiw~ carbon 

dioxide assimilation of excised leaves of Ea yoDl:yllu:TI fedsc~~nl\:oi.9 

which is inhibited by constant exposu re to ~ light intensity of about 

300 ft-c. This same ,:; : . .:!:l onenO:1 l·;as also reported (Hastings, Astrachan, 

(lnd S'ioleeney 1961) in the dinoflagella te Conyal:lax l.Jhen exposed to a 

constant li~ht intensity of 1500 ft-c. This phenomenon has not been 

reported in an intact macroscopis alga '-0 the Imm.Jled~e of the author. 

The diurnal periodicity in tr.e pho"Cosynthetic capacity of 

C;',;.llerpa r a cemos ::! is examined in r:his study. Caul p. rT)3 :.~a(';",.!os a. 

(Fi~ure 1) is a gree~ si phonaceou s ~l ~a w~ich is f ound in almost all 

trcpical or subtropical '...raters (Dawsc,rl 1966). ':his p1ar,t was selected 

for t he stllr. ', · because of its abunda:1ce on the reefs of Guam9 'ehe ease 

with which it could be used in the techni~ues of the experiments. and 

background information provided by previous studies (Peterson 1971). 

\ 
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METHODS AND MATERIALS 

The photosynthetic capacity of Caulerpa racemosa was measured 

by monitoring oxygen exchange at two-hour intervals for 24 and 48 

hour periods. The productivity of the plants is most frequently given 

in terms of .gross productivity, which is the sum of net productivity 

(oxygen'production of plants incubated in clear bottles) and respir

ation (oxygen uptake of plants incubated in darkened bottles). 

Dissolved oxygen was measured using the azide modification of the 

Winkler technique (APHA 1965). 

In . order to test for a diurnal periodicity in photosynthetic 

capacity, it was necessary to monitor productivity under controlled 

conditions for at least 24 hours. In this work, temperature and light 

intensity were controlled in a chamber which was supplied with flowing 

sea water and banks of fluorescent and incandescent lights. Each plant 

was exposed to two banks of fluor~scent lights and one bank of 

incandescent lights. Except when noted otherwise the light intensity, 

as measured by a GE type 213 photometer, was 3000 ft-c; hence, 

photosynthetic capacity was the variable being examined. By regulating 

the rate of flow of sea water through the chamber, it was possible to 

limit the temperature rise in the water bath to an increase of one 

degree Celsius from ambient temperature (290 C) during the incubation 

period. 

The control chamber was also equipped with an agitating apparatus 

which supplied constant motion to the incubation bottles. Preliminary 

, 



plc..n;:s s~~jected ~o constant motion 

col:ccted from the same field population during the months of 

February throu~h April, 1972. This population was grovling on coral 

heads expos~d to full sunligh~ in 1.5 ~eters of water at hiRh tide, 

~er, h1eters fro:n shc-.:-e at San Vitor2S ;:'eacr-I, Gua;';). IlTu'!:e c:ic:tely after 

epiphytes ~·:cre rl:?r:1oved. Sc:ne speci::-.ens Here hel.d before t.he init:.a·;:ion 

ir::rnediately after collec-cior .• 

UP0:1 initiatiOIl of an expcrilT,e:-.t, sp€: cimens r.leasurin~ bct'·:E:C:1 

20 and 25 centimeters fro:n the apical end to the severed end, and 

therefore of comparable a ge, Here placed in 435-ml blackened inct:bJ.tion 

00ttles (dark bottles) ~ ·7ith rubber stoppers. Five replicate 

blackene d bottles and a con~rol (boccIe with no plant) were fillAd 

Hith mC!w brane C .l t crcd s ea Ha te r col lec t ed fron behind the surf,0 at 

higi"l tide. Vacuum fi lterir, ,3 sea Ha ter at a pressure of 8 mm of mercury 

decre c: s ed the oxygen concent ration by 20%. l'Jhen the blackened 

incubation bot~les and control we=e filled p a water sample was also 

tal<e n for im;nediate oxyg2n dete rnination. The five dark bottles and 

control 1·!ere then placed in the incubation chamber. for 30 minutes. 

\ 
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j: ::- i or ;~ xp0.rir~ents Hith incur.::,'.::io:, pe;:-iods of 15, 30, L.S? ~';.:-.d 60 

BOD bottles for ox}'~~en ci2'Ce":;'::1.r:'2 . .-.:ivr:. 'ine )l<::.nts ~'leLe then immediately 

transferred to a set of clea;:- i~cuba t:on bottles (light bottles) and 

the process \.;z.s repeated. At the co;npletion of each light and dark rung 

the clea r incuba tion bottles still cont~ininE the plants were filled 

with sea ~ater and stored under a low light intensity of 400 ft-c until 

the experiment was repeated an hoer l~ter. During each run all of the 

plants were exposed to three differpnt light intensities: Oft-c during 

the respiration measurements, 3000 ft-c ~uring the net productivity 

measurer::ents, and 400 ft-c during the holding tine betvlC~en n.:ns. The 

light intensities of 0 ft-c and 3000 ft-c both lasted 30 minutes 1 Hhile 

the light intensity of 400 ft-c lasted 60 minutes. 

Upon ter:nination of each cOTo":)"l.ete eXperil:1ent~ the plar,'cs Here 

placed in pre-weighed containers and s~ored in a dryin$ oven at 10SoC. 

After a drying pe~iod of 14 hours, the dry ~Jeights of the plants were 

deterrr.ined to the nearest .001 eran. These values Here used to 

correct differ~nces i:1 biomass of c~ch plant; thus, final productivity 

calculations Here in te~s of milligrams of oxygen per gra~ of dry 

weight per hour. Prelimir.ary results indicated that 14 hours \-1as s1.1ffi

cien~ time for the saaples to reach a consta~_ w0ight. The final 

productivity calculations were plotted on graphs versus ti~e. The net 

\ 
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;~c~uctiv~~y ~casurcne~ts9 which ~~2an o~ thc even hours of t he 

cX92ri~ents an~ co~tinued for 30 mi~~tcs WGrc plotted en the ~ra~~s 

minutes before the even hours of ~~e experiments, were also plotted 

9n the gra~hs at the even hours. 

To reduce experimental uncertain~y, replicate tit=ations were 

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

"- .: ~ ~ ... - .:,.. -, 
\ ....... L. __ l ...... v._.:.. 

." - -

Fewer than 20% of the 

''':.",2 bottles after 

variation. This va::-iation .,. ~ .; never g::-eater th3.n 7% and Gid not sho~." 

a consistent i~crease or decrease. 



RESULTS A:'-iD DISCUSS-;:OX 

In the initial experiment net produc~ivity was ~easured in plants 

which had been held ove~Di~ht in outdoor aquaria for 12 hours prior 

to the ini~iation of the expEri~e~t. The experimen~ be~an at 0800 

a~d continued for 48 hours. 

.. ...... . : ... ./ ~-j .' .. _ ... : 2.t . o~oo. 

'- ... ~ ... '- _ •• '. _ ... \.,.0 ,/ 

.W· 'O r -
... ~ v ... 00\.)\) 

.- , .. , '. 
.v ........ ~ -' ~ ...... . .... _ 

- ..:. ... .- "- ::> 
I".. •• c 

\ . : -'::. 

. .. -- .. -....... 1... V::'j.: .. .:.:. ........... . ... ..... v_v._ "-~.- -' '\_'" ~ .... "- .L .... ->-'-" .... 

i:.·.\,,:' .. ~ .... ;, 

..... ,.,. ........... 

_ .... .I \.00 ....... 

c-. 

- / '" "'\ 
.l.. ... v\'" 9 

':.-.. 2 

lO~·J2st 

\ 

During the 

i:. [l::,oc:.uct ivi'cy 

1<'.;00;) 

cata 

'-: . . , .... 

. . . 
ce, l.i.~'C'C\:: ....t 

',)vint 



10 

secc:-.d 24 hOl~:"S 

of the exp0rinent, pro~uc~ivicy inc=eased from 0800 u~t~l 1000 with 

remainder of the experiment. Likewise, the hi~hest po~~t in respiration 

pOlnt (0.4 mg 02!z/tr) occurred at 0400. On the spco~d day. respiration 

increased from 0600 to lOGO. Respiration for the re~ai~~er of the 

experiment variea on~y sli~htly f~0n the 1000 v~lue of 1.2 n~ 02/g/h:. 

Thus • .:. d'~uL;:al rhyti:r.1 in resjji"Z'Z!.t ion "Jas evident for the first day but: 

was erased dur~cz the scccn~ Gay. 

day two of the experime~~, this change in respiration does not ~ccc~nt 

In bot:h experiments, a ~iurn21 periodicity is seen during the first day 

of the exper~ment~ but: not for the second day. One exp12catio~ for this 

observation is that pla~ts under co~ditions of stress) i.e' 7 te:~ ~~der 

laboratory conditions, de;;~onstrate alt2:.'ed p{j.oto~~Y71thetic and respiLatio:'l 

rates. ~~e plant rhyt~~s disappear after 42 hnLr~. 

In ordeL to test this hypoth(~sis, the pl;:nts of t:.0 U'_ird cX;,)2riment 

(Fi3ure 5) were collected 60 hours before the experiment be~an a~G were 

held in th2 ourdoor aquaria. Both respiraLion and net proQuctivity 

measurements beean at 0730 and 0800~ respectiveiY1 and co~tinuad for 48 

hours. DULing the first 24 ho~rs of the ex-periment, the highest point 

\ 
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point 

On the second day of the experiment, 

r h(:: -;:,c \-no.s aT, :'ncT02se in ;;ct prGdll;::'ci\'i~y until 1200. ThcTe Has little 

variation from this 1200 r ~ 4- M~ 0 I""n- r OJ. -I" "·0 2 o.J l r ..Lor t:1e remainder of 

tile exoeriment. Tile respiratio:"l curve and the gTOSS produc-civity curve 

paralleled the net ~Toduc~ivity cu~ve. If the results of the second 

~~d third experiments aTe compareG p it can be see~ that regardless of the 

length of the holding period, the chan~e in the ~ctivity rates always 

occurs after the f i rst 24 hou=s of -cna axperime;;t. This observa-cion 

s~~~e s -.::s that it is not the stress o~ holdine the p lan~s which causes the 

chan ~e in 'Chc activity rates, but SOrile o'cher stress factor. l'he plants 
\ 

of the three experiments h&d been ex?osed to a light intensity of 3000 

ft-c during the last 48 hours of each experi~ent. The chan~e in the 

plant ri-qthrns from day one 1:0 d;:y two of tr,e experiments might be a 

response to the stress conditic:1 imposed by ;: cor.stant light intensity. 

To test this hypothesis, the plants of the fourth ex~eriment 

(Figure 6) were collected 60 hours before the experiment began and 

\.;ere held for 12 hours ove-:niGht in outdoor aqt:.al'ia, follOl"ed by 48 

hours in tte laboratory under a CO:1stant: li3ht intensity of 3000 ft-c. 

Respiration and net productivity measurements oeean at 0730 and 0800; 

respectively, and continued for 26 hours. The ini~ial net p::-oauctivity 

value for the first day of the expp.ri~~:Gnt \-las 1.35 fii3 02 / r,!hr. There 

was :i-.::'C1e variation from this product i vity value for the duration of 

the experiment. The::- . . "~;ira-;:ion rhytiLr., which paralleled the net 

productivity rhyt:hm, also failed to exhibit a diurnal periodicity in 
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constant exyosure of : .., ~-.:. 
, .. .... . ' ~ 

for 48 hours. 

The activity rhyth .. "ns of the p~ancs in Exp2:cir.:en [ s or.e tr.rcuf,;l fou::-

were all erased when the ?lan~s were exposed to a constant !ight intensi-

ty of 3000 ft-c for at least l.2 hours. The change in t he rhyth~;1S? 

howevar, might be a result of the li~ht intensity to whic~ the plants 

,,'ere exposed) or it cou:d could be a result of the duratio:l of the 

ex?osure. To detarmine which of these variables influenced the changes 

\1n the activity rhytrulls of the pla:1ts~ '(he plants of t;}e fi:~-th experi-

ment (Figure 7) were collected 60 hmlrs before the be8innin~ of the 

expe-.ciment and Here held for 12 hours overnigrlt -:n outdoor ac:ua::-ia, 

~ollowed by holding for 48 hours in :he laboratory under a constant 

light intensity of 1500 ft-c. Measu::-ements be~an at 0730 ~nd 

continued for 28 hours. DurinB the first day of the experiment, the 

hi~~est point in net productivity (2.0 me 02!3!hr) occurred at 1400; 

the lowest point (0.7 m~ 02/~/h=) occurred at 0400. Th~re was a diurnal 

rhy~hrn in net productivity a~d re~Diration during the fi : st day of the 

experiment. Exposing the ;-~nts to a constant li~ht intensity of 1500 

it-c did not erase the ?eriodici~y. Apparently pcriodici~y is erased 

only when the plants are subjected to a constant lieht intensity hi~her 

than l500 

When the results of the first five ex?eriments are com)ared, it 

can be seen that rhy-chms in rcsp~::-~tion and proc:.uctiv-ty can be er:,s2d 

\ 
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f~-c. These experiments, ~owevc~, t&ve not shown whetter the plant 

i~duced in the plants by the techniques of the experiments. 

The piant rhythr.;s in four of thr-? experinents are sjmilar. If the 

plant rhythms are induced by the techniques of the experisents, ~hen 

the similarities in the rhy:hns of the experlments might be eXDlained 

c: :.1 0f ~te )l~~ts used in the 

exper~ments were collected ~p)roxisately the t:me of Gay. 

Another si~ilarity was that a~l of the experiments began at the S~22 , 
time of day. The similarity in plant rhythms could he a result of a 

respcnse cf the planes initiated by either collection time or initiation 

~ime of the experiments. If the plant ·chythms are dependent upon the 

time of collection or the initiation time of the experiments, chen the 

highest and lOHest points in activity should be independent of tbe ti;ne 

of day, but dependent u·~")on the lenGth of time si<1ce the experiment began 

or the length of time since the plants were collected. 

Experinents six through nine ~ere desig<1ed to m2asure the 

pro~uctivity differences betweGn freshly collected algae a<1d algae 

w~ich had heen held for 12 hours overnight in outdoor aquaria. If the 

plant rhY'cbri1s are induced by collec;:ion tir:1<2, then the rhythms of 

freshly collectc plants should be 12 hours out of phase fro~ the rhytr.ms 

of plants Hhich had been held for 12 hours befo::-e the initiat io,1 of the 

expcri~ent. 
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I' .. ' ~. '\ 
\ I' 1 G i .... ::-(~ \.) ,} 

0 :;' diffe'I"ent d.:1tes. In both 

sa~ples of plants he ld f or :2 hours overnilht were uscd f07 the respi-

ration and net productivity measurements 7 ~hich be~an at 1130 and 1200, 

respectively, and continued for 24 hours. Zxperi~ents eiEht (Figure 

10) and nin~ (Figure l ~ ) were also conducted under identical laboratory 

the plant rhytr1f.is are initiated a-;: tiie s':art 0-: each 0-: the experir.:2,-,ts, 

then the,: plan~ rhythms of experimen.ts six and seven ,-:ould be Qxpected 

to be six hour..> out of phase '.Jit:h the plant ri:.yt:ur.s of ex,erbK'nt:s 

eighT: and nine. 

In all four of the exper5~ents. the ~roductivity and =espir~tion 

mcasurenents of freshly co11ec~ed algae were averaged t03ether w~t:h 

the productivity and respiration neasurernents of ~1ants which h~d been 

held for 12 honrs b€:fore the i.nitiati.on of t he eX!.Jerime:1t. Plus ?nd 

mjnlls one standard deviatio:1. is given f or the me<:.:; 0-:0 the s ix se!x.:.-cate 

plants at e2-ch data point on the ,,_-.:. phs. I f the standard devi~tio:1.s 

from Figures 8-11 are compared with the stand~rd deviations of the 

p~evious figures} it can be seen that the vari~tion i n pro~uctivity 

and respiration between freshly collected ? l ants and pla:1.ts he l d for 

12 hours before the initiation or the expe riment in experinents six 

\ 



::0 grc a tc::- t h:":1 ti.le 

Fr~~ t~is 00S2~V~:io~ 

it can be seen th~t ~herc is n0 mcasu~~blc diffe rence in 2i~h~::- ~~t 

productivity or respiratjon between freshly collected plants and pl~nts 

held for 12 hours. 

tivity occurred at 1400 ~~d the lo~est poin£ at 0400. The respira~io~ 

curve paralleled the net ~roductivity cu::-ve in all of the ex?cri~ents. 

Thf~ peaks in -:'"espirat:"'on occurr2d 2 .. t lq,OO~1 c:.nd t:r.~.; ~O\.J points occuLTed 

Re~ar~less of w~en the p1a~~s were collected or wh~n t~c 

e:.:pe-:~Ti12n t s i:-"Gi.c2.~e c[-,e t ir::e 

in\'est ir,<:..r:ci.-s .'- -;.- - ~-
..... lO" .... 

- .-.- ... 
• ;. c.~" ! l.-

,... -~... . .... - - -
(.;:'h.L.~ ..... .. (...- S "': :.. . . ".i; ... ~ ... , -,,-. 

...... _ '-I 1 '''::.2 

\ 



:'0 

before the . ... f 
l.n~'Clc...t:..C:--" G" 

bcei~ni~~ at 0730 ~~d O~OO) resnectively. and continuin~ for 43 hcurs v 

.war2 ~ade ecder ~ constan: liBht i~~ensity of 1500 it-c. 

pcint 

G ~./ "_"'~·.-~) 

\... - , vv a J '_ ..... _. 1 .... ; of C!xperirr:en t, the 

- -.. - - .. ... -)_v · ___ ..... I.- ..... occ~rred at l400. and 

:n ti:is 

_.. . _. - - - ... 
::.--',,;,,, .... u .... _ .......... .... J. is 

the results of t~2 ten of study' a:ce 

i~:e~sity of 1500 

p,:'~iod ic:. ty 

\ 
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Holding the plants under a constant light intensity of 3000 ft-c, 

however, does erase the productivity rhythm. 

17 

In all of the experiments, the respiration curve parallels the 

net productivity curve, with the highest point in net productivity 

and respiration of the first day always occurring at 1400. The lowest 

point in net productivity and respiration occurs at 0400 in all of the 

experiments. Gross productivity, which is the sum of respiration and 

net productivity, has the same curve as its component parts. While the 

plant rhythms of all of the experiments were similar, the amplitudes 

were not always the same. The high points in net productivity in the 

experiments ranged from 1.2 mg 02/g/hr to 4.1 mg 02/g/hr. Some 

investigators have interpreted similar data as evidence for a lunar 

periodicity in plant activity (Brown 1962). While this explanation is 

possible, it does not seem probable, since the variation in amplitude 

of the productivity curves did not follow a lunar pattern. The differ

ences in the amplitudes of the productivity curves can probably best 

be explained as being a result of individual differences among the 

plants. 

The results of this study are similar to the results of several 

~ other studies in that diurnal changes were observed (Sweeney 1961. 

Buggeln 1965). One difference between the present study and the 

studies previously mentioned is that the peaks and low points in 

productivity do not occur at the same time of day. The peaks in 

productivity of Caulerpa racemosa occur at 1400, and the low points 

occur at 0400, while the peaks in the rhythms observed by Sweeney and 

" 



.:qJeci;~s ..... .... J. . ....... . tt,e 

1 r, ." 

rtv~ h~ s cou:d also ba ~ue to ~he lcc2ti ~ns of the cxpcri~0ntal sites 

within th~ir time zoces. The ~ours reco~jed in all of t t 0 studies 

lolcre not the correct tirDe as r:1 0c..Str ·~"(:d by -ene locatiol:' 0'= t~'""!e st.:n, 

but were the approxif.1at:e 'c:mes 

It was not the Hhether 

it was impossible to eli~inate all external stimuli fro~ tna experi-

~ . ...:: nt. Severc:.l qt:cstions concerninf, rhyth:ns in plarlts ::-2:1.;::'::-:' un;:~,-~sVlered. 

Do all plants have productivity rhythms? h'"hile rhytr,;~,s have been 70und 

in a wide variety of plants, not all of the groups of plants have yet 

been stt:died. Some investigators have stated that certain ~lants do 

not haVe rhythns (Sweeney 19~3). It is possible that these pl2.nts do 

have rhycLr.,s, but tr,&t the investi G2tors 'He::-e unable to n:easure tile 

rhythms bec:l.use of the expe::-im"ntal conditions employed. 

Several suggest~ons have jeen proposed to explain the Significance 

of these rhytTh'1ls to the pla!'"lts. Tr:ese proposals suggest that thE' 

rhyt r-,,'1ls synchronize cell division B:ld plant g::-m.;;th and also alloH for 

be tter u t ilization of the biochl"lTlical apparatus (Sweeney 1963; Cumming 

and h'ag;Jc:- 1968). Probably the i!:1,;)ortance of t1:e rhythm is not yet 

It w~s not the intcn~ of this study to exan:ne t~e significance 

of 'C l":e diurnal rhytt.m of p:-oductivity, but to deter;:,ine the presence 

and factors affecting a productivity rhythm in a n:acroscopic a132.e. 

\ 
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rn~~YJ if not all, plants. Th~S, all previo~s productivity studies 

sh0uld be n~-exan;ined to deterr:li:1:2 if a periodicity of productivity 

W2S t2~en into consideration when hourly rates were converted into 

d2ily or other lODf,-term prGd~ctivity valu~s. 

\ 
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Figure 1. C a~lDrpa r~ce~osa growing in the field 
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I'"::.. .. -, . ~ S ::-)·.:-c;r~ ·, 1C t i vit: y;, --;' '".! ~ :' ·_"'C)(~uc~.~. V~.t y ') 2~nd r c:-sri ra t i OIl 

Cl:!:,'VI~S of (:::::. : .!1·::·_"' : '1?~ c0:~eci: ~~d a:·.C: ~'1eId in Qu-::aovr ac:u2 ria 
--------

:~ hours b2for2 initi~rjo~ of the ex)eriment. 
were made 2t 3 CO~ ft-c. 2~ch vertical line repr~sents 
1 s.d. frc2 t~~ rne~n 0: five separate plants. 

\ 
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in outdoor aquaria ----------
for GO hc~rs ~c~o~e ~he initiat~on of 

. . tnc ex)cr~men~. 
~easure~ents were ma~e at 3000 ft-c. Each vertical line 
represents + 1 s.d. fro~ the ~can of five S2?arate plants • 

• 

\ 



L 

.d 

o 
s: 
~., 

r"'-.. 

J 
r " 

t j 

_.v 

, 
I. 

... _--.--- .---;----.---.----:. .. ---.---~ .. ---•. -.------.-.-1 

./ 

~,,<-,/: 

\, . - ---
. '- -

, ,-- "- . 
, / . . -- . 

, ' .,/' . --......... ?_--- . .,--.~~ . j • to -.------..;,,---.,~ 
'. • t 

--' 

.... _ .. '""'-" ~-----------.-.----------

.. --....,! 

\! 
'--' .- ~.J-... 

i 

\ 

.1 
! 
) 



29 

GTC .. .:::=.; : ,· ... CC·J.ct:. \:~ C~·l? ; ... :~r. -:- ";"\:iC!i.1Ct". 1.\l'}.t y; ar.r1 r e spi rat i.on 
C i.:-,:'V":; c,.;: U.~ " -· ~-:;.~ CG-l-... c c ·t.:·d 60 nours befo-.:-e the initiation 
o 'i~' ~:~ ~~\.... c~ x·),:-: ·~-G.~:--; ·c-==:~:-. ,- ~ :>r. ():.: ... :~ (~ 12 h Oll~S ~ n outdoor aqua ria 

'~~or~tory ~t 2 liRht intensity of 
-~ :s we re ~ade at 3000 ft-c. Each 

.-,t:" -- '-- s.d. from the mean of five 

\ 
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inte:1sit), of 

~ S.Q. frem the mean of five 
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~lants W25 fr~ s~ly col:cc~cd ~nd the or~2r s o: ~i ~ : -~~ts 

;,/h~.ch had b2en col~.cct.,::-c 12 hOl.:i. ... s bG'::o~::-~:: tr'~' -: :.:1:.1-_ :. ~~ l·:. -:-:. 
c.'C ti"le i..:xp(-.!ri:;.~·;-:t (-fN~c:. r:c:l(~ :.~;. cut~:'OG:~ ':"(1'.12.~ : C~ :\ r:- ;- ~:·.· .. ~::'~·:ient.s 
\o.:"\~r(~ m<ldi:-~ at :.,C~O -r -c -c \-.1G. ~:'2,._~,-· ';: a:: 12\J'') hCUT.":).a ~.~ "";.1 .... 

vertical line represen~s 
sepc:rate pLants. 

1 s.~. from the ~~~n of s~x 
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One Set 0: 
~:a~t h . . S fr0s~:y col: ct~d a nd th2 other set was nlants 
~.!:: ~- C:1 ,j.-~d bc~(;:-: cc 1.10(;:"-: .-.. -_2 ~:o:": ·"5 bE f O::P. t :--l(~ i;'"'l i t i2. t ion of 

~~t-!3.surGr.1ents 

were made at 3~G~ fc-c &~d j2;~~ at i200 tours. Each 
v;r~ic~l li~e re~~ese~:s 1 s.~. from the mean of six 
sep.::.1. ... at~ p:ants v 
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