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Experiments measuring productivity of

cdetermine changes in pH, radioactive carbon

oxygen production for short
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reriods
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of

time.

milation, or

These shorit-term values

are then projected to give daily or other long-term values (Maguire

and Neill 197i). FHowever, extr short~term productivity

vaelue to give & cdaily or longer-term value does not take pericdicity
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of productivity intec consiaarztion (Doty

4 diurnal difference Toductivity of agquatic plants first

phytoplankton by Doty and Oguri

—

observed in & ponulation

(1957). This phencmenon confirmed by other investigators

shytoplankton (Yentsch

and marine

midday,

in productivity ceurred curing the night hours. Belikov and

Motorina (1961) reported 2 similiar periodicity in productivity of the

stringless Saks bean. The existence of a similar diurnal oroductivity

rnythm in these two extremely different groups of plants suggests its
possible existence in all plants.

Several investigators have attempted to determine the presence
of a diurnal periodicity in productivity in macroscopic algzae.
Sweeney

Conflicting data have resultea from these studies, however.

and Haxo (1961) in their study of Acetabularia major detected a




c¢ilurnal difference in oxygen productiocn in plants measured under a
iight intensity of 1500 foot czndies a2t 1200 and 2400 hours, and
subjected to either constant light or elternating light and dark.
The higher point in productivity was consistently at 1200.

There are several hypotheses which can be proposed to explain the

differences in the activity of the plants at these different hours.

>

One hypothesis is that the crange in the photosynthetic ratce is a

o

resuit of a change in the rtespiraticn rate., It is possible that the

400 is lower than the rate at 1200 because
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the vespiration rate at %430 is gracter then the rate at 1200.

Pozsibiy the gross productivicy, waich is the sum of net procuctivity
and respiration, is constant throughout the day, but its component

parts have synchronized alternating rapid and slow rates. From the
study by Sweency and Haxo, it is unknown if the respiration rate at
2400 is different from that at 1200 since no>Le spiration measurements
were made. Another hypothesis which might explain the difference in
productivity rates between the hours of 1200 and 2400 is that rapid
rates in procductivity might alternate with slower ones. Since only
two measurements were made in a 24 hour period, the productivity is
not proved to be diurnal.

Biinks and Givan (1961) attempted to look for the existence of
& rhythm in productivity by monitoring oxygen production in 12 species
of temperate marine algae. The productivity measurements were all

made during the daylight hours at a ilight intensity of 9060 ft-c.

The investigators reported that they were unable to find a diurnal



in any of the 12 species. Several possible explienaticns

fer thelr results. In the studies waich
have reportad a productivity rhythm, the royihm was ia photeosynchatic
casacity. The thotosynthetic capacity of a plent is the rate of

‘ photosynthesis which takes place under conditions in which the bio-
chemical apparatus of the plants is the limiting factor. To measure
the photosynthetic capacity, the light intensity must be above the
.saturation woint of the plants, which is thousht to be 1500 ft-c

Since the light intensity in this experiment was well below 1500 ft-c,

che photosynthetic capacity was not measured. In this stuay by Blinks
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Cnly when the biochenicel auparzius is
synthesis sheould a rhythm in preductivity be expected. In the studies
which have reported 2 diurnal rhythm in productivity, the iow point

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

i=]

curing midday. By the selection of their sampling times, Blinks and
Givan may have failed to observe a productivity rhythm. The times
selected for observations may have been on opposite sides of a peak
or low point in productivity, thus depicting similar rates.

Bupggeln (1.965) renorted a diurnal periodicity in oxygen production

of the Lrown alga Padina crzssa. In this study the plants were

incubated for 60 minutes at a light intensity of 1200 ft=-c. Measure-
ments made at one-hour intervals demonstrate a peak in productivity

at midday and a2 low point in productivity during the middle of the



daTk perisd Respiration measurenents were macde in this study.

Threc sets of plonts were used on an alternating basis to make the
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yrocuction observetions, and the thizd piant from each set was used
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TOT Lo TeSEITEIL0oNn O95ETVaLiLLas., In CoGLET tOo use Thlis technique, it

i5 necessary to assume taat all of tne slants have the same activity
rate. This assumption has not teen sic.l ©o be correct by the
investigator.

An interesting phenomenon reported in the periodicity studies of

several investigators is the inhibition of the rhythm by exposing the

lants to a constant light intensity. This reaction has been reported

=

by Warren and Wilkins (.761) in the rhythm of radioactive carbon

dioxide assimilation of excised leaves of Rayonhvllum fedschenkoi,

which is inhibited by constant exposure to a light intensity of about

300 ft-c. This same sacnomenon was alsc reported (Hastings, Astrachan,

and Sweeney 1961) in the dinoflageliate Convaulax when exposed to a

constant light intensity of 1500 ft-c. This phenomenon has not been

reported in an intact macroscopis alga to the knowledze of the author.
The diurnal periodicity in tne photosynthetic capacity of

Czulerna racemos2 is examined in this study. Caulerna racemosa

(Fieure 1) is a green siphonaceous 2iza wnich is found in almost ail

tropical or subtreopical waters (Dawson 1966). This plant was selected
tor the stua because of its abundance on the reefs of Guam, the ease
with which it could be used in the technicques of the experiments, and

packground information provided by previcus studies (Peterson 1971).



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 gfoss 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 fluorescent lights and one bank of
incandescent lights. Except when noted otherwise the light intensity,
as measured by a GE tyﬁe 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 (29°C) during the incubation
period.

The control chamber was also equipped with an agitating apparatus

which supplied constant motion to the incubation bottles. Preliminary



woTK coniitmed thaet plants subjected to constant motion exhibited a

greater rate of productivity than plants with no motion.
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ALl specimens of Coulerna TICEMOSE used in this STUQYy waer

coliected frcm the same field population cduring the months of
February through April, 1972. This population was growing on coral
heads exposed to full suniight in 1.5 meters of water at high tide,

rom shcre at San Vitores Beach, Guam, Immedlately aflter

ot
®
3
=3
®
s
®
H
(0]
Hh

il R A e v el Tem S e - 1

Ll DOLULNE WoTecuon YenZec VIl . Lo &L OouThH, Giépandaing upoil tne
S e Y e T e ok o = 3
JATLLCUIaT eXDelTLLLElT, woias e B WD e Lol LU GA::/\:A. inentation

Upon initiaticn of an experiment, specimens measuring between

i

20 and 25 centimeters from the apical end to the severed end, and
therefore of comparable age, were placed in 435-ml blackened incubation
botties (dark bottles) with rubber stoppers. Five replicate

1

kened botties and a control (boctie with no nlant) were filled

fo}

blac
with membrane filtered sca water collected from behind the surge at
high tide. Vacuum filtering sea water at a pressure of 8 mm of mercury
decrezsed the oxygen concentration by 20%. When the blackened
incubation bottles and control were filled, a water sample was also

taken for immediate oxygen determination. The five dark bottles and

control were then placed in the incubation chamber for 30 minutes.



Frior experiments with incubaticn periods of 15, 30, 45, and &0
inutes showed that a 30 mirucae incubation wes sufficient to observe
& noticeabils chonse in OuyTen concenvrition without Gemonstrating
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bottle effect. Upncn conpleticn of the incubztion period, the water

BOD bottles for oxyzen deteri:iniiici. ne plants were then immediately

ps

transferred to a set of clear incubation bottles (ilight bottles) and

A

the process was repeated. At the compietion of each light and dark run,
the clear incubation bottles still containing the piants were filled
with sea water and stored under a low light intensity of 400 ft-c until

- the experiment was repeated an nour later. During each run all of the
plants ware exposed to three different light intensities: O ft-c during
the respiration measurements, 3000 ft-c during the net productivity
measurements, and 400 ft-c during the holding time between runs. The

IR}

light intensities of 0 ft-c and 3000 ft-c both lasted 30 minutes, while
the light intensity of 400 ft-c lasted 60 minutes.

Upon termination of each compiete experiment, the plants were
placed in pre-weighed containers and stored in a drying oven at 105°¢.
After a drying per of 14 hours, the dry weights of the plants were
determined to the nearest .00l gram. These values were used to
correct differences in biomass of cach plant; thus, final productivity
czlculations were in terms of milligrams of oxygen per gram of dry
weight per hour. Preliminary resuits indicated that 14 hours was suffi-
cient time for the samples to reach a constar.. weight. The final

productivity calculations were plotted on graphs versus time. The net
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the initial samples, cnly 107 of the bottles were found to have any
variation. This variation w.s never greater than 77 and did not show

a consistent increase or decrease.



In the initial experiment net productivity was neasured in plants
which had been held overnight in outdoor aguaria for 12 hours prior
to the initiation of the experiment. The experiment began at 0800

and continued for 48 hours. During the first 24 hours of the expder—
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(1.7 g 0,/z/hc) egain occcurred at G430 During the seccnd 24 hours
of the experiment, productivity increased from G800 until 10600 wi

1ittle variation from thi
remainder of the experiment. Likewise, tne highest point in respiration
(1.2 mg OZ/g/hr) occurred at 1400 on the first cGay, and the lowest

point (0.4 my Oz,b/nr) occurred zt 0400, On the second day, respiration

™

increased frem 0800 to 1000. Respiratiocon for the remzinder of the

-

experiment varieda oniy siightly
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was erased during the sccend aaye.

taile thevre was a change in the respiration rhythm fron day one to
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cut the day, bdut parallels the rhytins in net wvroductivity &and respiration.

ot the experiment, but not for the second cday. One explenation for this
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observation is that plants under conditions cf stress
laboratory conditions, demonstr altered pnotosynthetic and respiration
rates, The plant rhythns disappear after 42 hours.

in order to test this hypothnesis, the plants of tae third exneriment

(Fizure 5) were collected 60 hours before the experiment Dbegan aad were

g
(]
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the ourdocr aguaria. Both respirarion and net productivity

h

measurements began at 0730 and 0800, respectively, and continued for 48

hours. During the first 24 hours of the experiment, the highest point
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in pee wroductivity (3.0 mg O./g/hr) occurrad et 1400; the lowest point

by 2
(0.9 g O,/z/hr) occurred at (400. On the second deay of the experiment,

there was an increase in net productivity until 1200. There was little

variation from this 1230 vaiue of 2.4 mz Oz/g/hr for the remainder of

the experiment. The respiration curve ana the gross prcductivity curve

paralleled the net pnreductivity curve. If the results of the second

ar.d third experiments arve compared, it can be seen that regavdless of the

lencth of the holding pericid, the change in the activity rates always

cccurs after the first 24 hours of the experiment. This observation

sugeests that it is not the stress of holding the plants wiaich causes the

chanege in the activity rates, ovut some oiher stréés factor. The plants

of the three experiments had been exwvosed to a light intensity of 3000

ft-c during the last 48 hours of eeach experiment. The chanre in the

piant raoythms from day one to day two of the experiments might be a

response to the stress conGiticn imposed by a constant 1ight intensity.
To test this hypothesis, the plants of the fourth exneriment

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

were held for 12 hours overnight in outdoor aguaria, followed by 48

hours in the laboratory under a coastant 1iznt intensity of 3000 ft-c.

~

291
)

spiration and net productivity measurements began at 0730 and 0800,

W

respectively, and continued Tor 26 hours. The initial net productivity
value for the first day of the experiment was 1.35 mg Oz/g/hr. There
was little variation from this productivity value for the duration of
the experiment. The ¥ .7wiration rhythn, which parzlieled the net

productivity rhyrhm, also failed to exhibit a diurnal periodicity in
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constant exposure of tha pléncs Lo Ty iip

for 48 hours.

The activity rhythms of the piants in expariments one through

'

were all erased when the plants were expesed Lo a censtant light intensi-
ty of 3000 ft-c for at least 42 hours. The change in the rhythas,
howevar, might be a result of the light intensity to which the plants

were exposed, or it could could be a Tesult of the duration of the

exposure. To determine which of these variables influenced the changes

=

tin the activity rthythms of the plants, the plants of the fifth experi-

ment (Figure 7) were coilected 60 hours bhefore the beginning of the

experiment and were held for 12

3

hours overnignt in outdoor aquaria,
followed by holding for 48 hours in thne laboratory under a constant
began at 0730 and

light intensity of 1500 ft-c. Measurements

e

continued for 28 hours. During the first day of the experiment,; the
hiéhest point in net productivity (2.0 mg 0, /z/hT) occurred at 1400;

the lowest point (0.7 mg O /=/hr) occurred at 0400. There was a diurnal
rhythm in net productivity and respiration during the fiost day of the
experiment, xposing the [ &nts to a constant light intensity of 1500
Tt~c did not erase the vnericdicity. Apparentiy veriodicity is erased
only when the plants are subjected to a constant light intensity hisher
than 1560 ft~-c.

When the results of the first five experiments are comdared, it
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can be seen that rhythms



By exposure to a constant ligbt intensity of 3000 tt-c, but not 1500

ft~c., These experiments, however, have not shown whnether the piant

1iy cccurring dhenomencn or whether they are

P..

rvhythms are a nature
nduced in the plants by the techniques of the experiments.
The plant rhythms in four of the experiments are similar. If the

olant rhythms are induced by the technicues of the experiments; then
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the similarities in the chythms of the experiments might be exnliained
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Another similarity was that all of the experiments began a
¥

time of day. The similiarity in plant rhythms could be a resul

respcnse of the plancs initiated by either collection time or initiation

time of the experiments., If the plant rvhythms a2re dependent upen th
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time of collection or the initiation time of the experiments, then the
highest and lowest points in activity should be independent of the time

of day, but dependent unon the length of time since the experiment began

or the length of time since the plants were collected,
Txperiments six through nine were designed to measure the

procuctivity differences between freshiy collected algae and aigae

izad been held for 12 hours overnight in outdcoor aquaria. If th

’_) .
o
]

waick
pilant rhycthms are induced by collection time, then the rthnythms of
freshly collectc plents should be 12 hours out of phase from the rhythms

of plants which had been held for 12 hours before the initiation of the

experiment.
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CaLETEReNTS; ce sampies of freshly collected plants and throee
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sampies of plants held Tor 12 hours cvernight were used for the respi-
ration and net productivity measurements, which began at 1130 and 1200,

respectively, and continued for 24 hours. Experiments eight (Figure

10} and ninc (Figure 11) were also conducted under identical laboratory

in cihree samples of freshly

- S e & SF - 3 - o~
contitions, but on different dates.

began at 1730 and 1800, respectively, and continued for 24 hours.
the plant rhythms are initiated at thne start of each of the exoeriment

then the plant rhythms of experiments six and seven would be expected

to be six hours out of phase with the plant rhytims of experiments

In ail four of the experiments, the productivity and respiration
measurenents of freshly collected algae were averaged together with
the productivity and respiration measurements of plants which had been
held for 12 hours before the initiation of the experiment. Plus and
minus one standard deviation is given for the mean of the six senarate
plants at each data point on the _-aphs. 7T the standard deviations
from Figures 8-11 are compared with the standard deviations of the
previous figures, it can be seen that the variation in productivity
and respiration between freshiy colilected nlants and plants held for

12 hours before the initiation of the experiment in experiments six



T1C

(2%

v

d

Ly an
ovs

ivi

-
-

e
in

a

SEBLence

n prod
1y collecte

|

]

LG

sit

e

84

Vious ¢

D

B

the

10 greater thao

15 ar
seen thet

e}

BT

Rizh N
be

~ -~

productivity or

el

~

L]

» 054
(] ) s
) 3 ) =
< ~ o] = e} o3 A~
! C 5] 13} o > ko] [} (9] +3
9] -t 13 o] S o ™ -4 = 5] b
el 43 [l 1= Q L] - Q = ) ~ e L2
'S 0] (0] p (43} w (3] %] (o] < o det L
O - o Q s © F oy e = ) O (S} rid &)
L ved o O 43 L 3 ord I 0] (=] a)
o, L & Is) 33 © 0 %) 7 &3 < A3
2] 9} (] £2 o ot 3 ol w o i) 5
13 D [ 5] [\ Ly Q [¢J] o=l [¥] 25! 85
a i1 ] 8] o o] (&) > § () W o L3 &3 T
=] @ > = 5] 4 (9] = 5] 1 i U]
[J} o 1] ()] 2% 13 = kS ! rrd 4
 12¢ S o] [¢] ~ = 3 v N Ea] Q 13 e o
ot = s Y e} - o 2 4} o Y 3 L =
43 = Q (o] ) (o] =] Q 3]
13 = Lo} v 05] W $a (5 3} R
= ° Ges D @ [} [ 49 Wl > ¥ (9] v
e ¢ C -1 4 - a £l 0] 2E -t ol
Q <o o] 2 aih o o
o ~F o~ I} < ) V] 1o P e
(&) - L A = U 43 a1 1) . 3]
2 « 2 —i =~ e £ S el
O] ] o} [V] = > U] o1 &3
0} W £ 2] Q «“ il 13) 1 g s
o, o et ® o ] o] N
&0 (B} W D 0] oy o
ol % D 4 & 0N 2 n
¢} o > = [V} 41 = 9] 2 (2 =
0 ¢4 o = o G i Xt X ¢
12 s (o] [S] o ) 1 N 4]
Q <7 (5] W] BN L 5y <) A |
() i 2 < e 83 ] 3 R
& ™~ (= 42 § ) o 3E f £l 18]
[0} S| I8 o o g .ol A
= o ©3 — (0] 2 kS > 1] 13 s i)
C > o ~ < o) > e N
i~ ot L 2] [¢9] IS 4 W [} [
a 13 0] [0} = 4 [ )4 o) 18]
= Q) 9] §-4 Xy o o ] (e o]
o L =] ] 13 0 S 4 »)
fa 5] e} ) 3 a =5 13 ) 43 13
ar C ) = X5 L 13 = %)
(o T f O [J] 13 3 o 4 &3 ()] i3
=~ §a o, O £ > ) ] 13 5] )l
(U} 3 = W 33 o I
L o} 2] o o L] i £ o
Y o ] > Gy &2 Ly Q o (5] ] vird
S (@) (e i (&7 V] 43 £ i} o8 < 9]
4 ~T i8] £ & B n R V]
i~ a) [< n 4 (O] )] [0)] E] KO
Y= G 4 (%] 4 vy o3 o
(¢] 5] 43 or W o | e o~ 0 e, P D]
o (=) r— c (] 5] fa 7 V] v
f4 T 0 (S] ] ori el 0] O 3 3 b3
jo] o J] U] £ LY ] 4 oo £l i i e}
O 9] e f1 €, o £ 3 £ 3 3 v i)
Y i~ @ (3] 2 o 0 o & 9] O Q)
L = jal ¢ u ol o 7 )
~ =, e e X 0 w (o] o 3 el ol
— (] « 32 33 £ i ¢} w i (]
o] Q % (D] o [ 9] r= L [ o -
(o] © M . ) W )] ay (53 > 9 t o
(= =} o3 (o (i £ - e 4 " £ @ @ (i
L] = s¥] (v nrd sd ™~ o = 9] o i3 2 el
i} [U] o < = fu o e [ b bXl
u-d > (@] (5] & g D Q o L) 93] O] )
= ~ a 5% o, Ay jan 0] = > .
o = B 1] > B L s s - i 4 50 8ihy t I
13 Q -1 0 O, - 9 Q =] L ] ) s} K (53}



§4 N
> o ] o jo] . st
v 'S 5} ~ ’ 1€} Lo ] = €
£ 0 & (o)} <) [} 13 « @) 3 o} [} cj [s
3 %) L] L ~ ~ Ko 25 o) Y 4] “ 3 9] (&} ot "W 4 Py
< ] e} O [8] i [ « &0 3 iy £ a3} N L A [} o Ao
Kol e a < il o e w (s3] u] (o} £ A3 i 3 ) U= 3 K]
¢ oo > e B W3 & (o) (8] = »] O [o] [}
ol L3 o o [ i % 15 o 4.3 o pa] b )] fo) K] £ 5 o~
o M HE <5 s (5} = e = [»] 0 it 55 (4] 3 v 23
N} pas 3] Q o ~F 1 oo =S (o] 0 r i 0 ol
83 o 5] [ ¥ = o4 [s's} & - P4 13 i a1 ] 13 O] o 4.3 >
U] (! [ (o] fom} g » et o] W D) o 4 n bS] ] [ et
L 2 ] E] Q -4 = 18] ot o < @ a 53 5] J 4] 49
(6] Q = i Suf (<) [} s ot o = £ (a] = I — 8}
G = o3 . o (<18 S [l tt e >~ i ] 9] ¥ i oy o, 73
= > s » 0 IS “ e Q w0 Q « 3 ] 33 . I e} «
1~ 42 = ] 2 3 (o] o)) ol . 3 ) S/ {1 <) [ o} Q
o ey b 33 o e 1 [, {&] (0] 0) . 43 I U o e ~
5 -l P ) st (o] (0] i 4 ¢ ~ 9] =1 £ O i) 43 ™
& ord i 43 [ ooy ) 14 o 1 f3] (7] () el o o]
o) £ 28 T (@) ry ’ 43 9 « L Uy @9 [ % o a0 2
— © o o ol %) O @ e q = 9] {4 £ e
[} (1)) 5 C 78 (9] 5] = (&} 3 ) > 0 ot i o 33 W e &}
I S 3 #] v (@] U] 13 D 13 L (i (B3 o
(o] [ ¥ (o1 o1 6D 1 a o &) (b " 9}
N = i i) s i) L e W ) G g 41 Q < K] iN] ] i
o~ Q. o 6] fa 6 {3 £ Cc J I sl 82 (9] £ (0]
) e} I 21 ) 8] o4 Yt 5 3 L3 3 3 £ )
P 43 > Q [9) £ e | (6] i « = U o o b o
0] ) ~ ) s [} ) 3 ] Q 13 ol ] &
£ >y el J b L ™ < o 5 9 3 e
i I of o ] )} ] i) w ..\. Q ; «J 9}
] P ol > o | ) o 4 X 9 1
> [J] ] &L ) N &2 et 4 3 S 1
o ord [} 1 e 7 ] ) = €) 23 o) e
13 o] D) 13 - ) & V] o] J )
[ Q o i A Q 42 e (a8 0] o ] i (3]
o £2 [V} 2 b ced o e - i) [»] L
[¥) £ ] e IN] <F S 3 > il 9] w gl t Q o) T
19 o t3 ) Fe Nt 4 W o o £ X3 T v
W <3 [J] 3 4 " o 8] ) o 8]
13 L (¥ o )] P ) o M. 2ot o) . [J] o [ [w) L]
i ) et 4 k& 3 ‘ 3 e} n 1 ) V) L (8 <o
@ § el o ~ 13 i 5 (34 D o 0 i D] AL V)]
35 HE 7Y o i8] i (&} B B 1 o o ) ] o s 30 B
Ne| ; () 102 ) "J 3 i v R 5] ) 8 A ol x (5 18}
& 4] i 0 (6] N © % 2 ] 2] 12 z A N 5] Q 5 wl
Cs (5] (] 2 ) ] wi ) = w O L8] [ N (0] y v
o Mo 0] 3] 1y %) [R% ) Q a4 g L1 fon v H <
< = 13 ke o) Q vz 0 " w c O W o 13 1t )
[J] Q o] 34 [0} L (&} Y L) > 1 L - o 9] e i)
o £ W Q tJ (@] KR e of (5] r 3 w o W s o
Yt 32 6] TR N s G W - O ) 3 A 3 o
(o] It o Q3 Y el o o —i . (13 o
o o™ o 6 W B s 2w 9 © e
(%] L5 o3 ~ 151 O A +3 ol W =~ a3 0 ] [) A s,
I i, el 0] ) 2] S el &l o O Q <o () <« Y &g
£ [ 4 % &~ 3 > ) 3 r N ] (0] Q o =i verl
o ord o) [8) & 3 I$] ] o 2 (23] 0] ol e o
-3 = o8 3] o} - ) i o @ ] 0 t el 0
2. (] oy K] O s} 1 K5 = g a~ o) (97 "
- he o 9] % o N ) o) 43 D 2 = o)
9} IS = s < T3 €3 @ Q el
o = 1 e o 1 13 o} 4 ~ ta 33 Uy 1 &
e @ O 3 & 0 i 5] O . A4 ] « o
- o ] 32 Q) o i) 0 © o ¢ o
O 5] vl ) 0 L1 %} (o] [} Q 9] -
G IN] &) 13 ] Lo [ i) ] ) O £ = i
Q) o3 Q < A s (5 W o o < (] ER] - [9]
L o Q = 14 A3 13 e [aR Y @ () o J fra o




17

Holding the plants under a constant light in;ensity of 3000 ft-c,
however, does erase the productivity rhythm.

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 Ozlg/hr to 4.1 mg Ozlg/hr. Some
'1nvestigators 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 19613
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



of fthnese rhytr

»hvi s could also Be due to the lccatiocns of the experimental sites

wore not the correct time as measurced by the location of the sun,
but were the approximate timesg of the individual Time zZones.
It was not the purruse of this stuldy to determire vhether the

observed periocdicity was an endogenocus Or eXogencus rnythm, since

5

it was impossible to eliminate all external stimuii {rom ths experi-
went. Several gquestions concerning rhythms in piants remain unanswered,
Do all vplants have productivity rhythms? While rhythms have been found

in & wide variety of plants, not all of the grcups of plants have yet

been studied. Some investigators have stated that certai

3
73
fut
)
Lo
ot
w
o3
o

not have rhythms (Sweeney 1943). It is possible that these plants do

5

were unable to measure tne

cr
(G}

ave rhychms, but that the investigator
rhythms because of the experimental conditions employed.
Several suggestions have been proposed to explain the si
of tnese rhythms to the plants. These provosals sug
rnythms synchronize cell division and plant growth and also aliow for
better utilization of the biochemical apparatus (Sweeney 1963; Cumming
and Wagner 1968). Probably the importance of the rhythm is not yet
fully unGeTsTood.
It was not the intent of thiis study to examine the significance

of tne diurnal rhythm of productivity, but to determine the presence

and factors affecting a prcauctivity vhythm in a macroscoplc alpgae.



chUTRE Docductivaty shivtom bei
Ficigion 0 Ehgse pients kn ¥rac
LLe Susrestion can &galn be made
many, if not all, plants. Thus;

hould

7]
(i

was taken into consideration wnen

daily or other long-term praduct

8 TEPOTERG in CanieTna TRoemosd in

% a Thytnm was vreviously weported,
that & produdtivity whythm exisis in
211l previous productivity studies

hourly rates were converted into

ivity values.
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znd respirvation

in outdoocr aguaria
the experiment.

Each vertical line
five separate plantse.

Figure 5.
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Fioure G and respiration

' before the initiation
in outdoor agquaria
1ight intensity of
ot 3000 ft-c. Each

om the mean of five
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