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Abstract

Photosynthesis and respiration rates were measured in an intertidal green alga. U. indica
Anand under different stages of desiccation (0 - 70%) at 20°C. Gross photosynthesis and respira-
tion were initially enbanced and reached a maximum at 20% desiccation, however they steadily
decreased with increasing percentage of "desiccation. Net photosynthesis constantly declined with
increasing duration of emergence.

Introduction

Stocker & Holdheide (1938) observed that in emerged condition the rate of
photosynthesis in intertidal algae was higher than in submerged state. Laier observa-
tions, however, showed that photosynthetic and respiratory activities of en.crged sea-
weeds were either lower or nearly equal to those of submerged ones (Ogata, 1968§;
Imada et al, 1970: Kremer & Schmitz, 1973). Recent investigations poinied out that
in upper and mid-ittoral algae the gross photosynthesis increased and respiration
decreased with desiccation, resulting in an enhancement of nei photosynthesis. In
lower littoral seaweeds, however, net photosynthesis decreased due 10 retarded gross
photosynthesis and enhanced respiration with increasing water loss under emerged
condition (Johnson er al, 1974 Brinkhuis ez af., 1976; Qadir e al., 1979).

Our studies on the effect of salinity on rate of O, exchange have indicated that
Ulva indica, a green alga endemic to the coast of Pakistan provides an ideal material
for the study of photosynthetic and respiratory activities (Shameel, 1980). This is an
intertidal seaweed and grows in the upper to mid-littoral region. where it undergoes
desiccation during long periods of emergence. It, therefore, appeared interesting to
examine the relationship between desiccation and such physiological parameters as
photosynthesis and respiration in this alga.
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Fig. 1. The rates of gross photosynthesis, respiration and net photosynthesis in Ulue indica as
affected by increasing desiccation. measured at 20°C with or without 1.5 x 107 ub
m “sec * light intensity.
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Materials and Methods

Ulva indica Anand was collected from the ledge of conglomerate rocks on the
western side of Manora island, situated in the northern Arabian Sea near Karachi
during low tides in the months of February to May, 1979. Young, healthy, non-repro-
ductive and approx. | cm long thalli were selected, gently dried by blotting, scrapped
mildly to remove the epiphytes and were immediately used for experimentation. Com-
plete thalli were suspended by means of a thread in a plexiglass chamber of 3 1 capa-
city and desiccated by passing dry air over the algae in the closed system. The sea-
weeds were carefully removed every 15 min, quickly weighed. replaced in the plexiglass
chamber and the rate of desiccation calculated. When the algae reached 70% desicca-
tion, they were removed and the dry weight (dw) was determined by drying at 70°C
for 48 h.

In one set of experiment the plexiglass chamber was illuminated from both
sides by flourescent tubes with a light intensity of 1.5 x 10° uB m2 sec! for photo-
syathesis. In another set the chamber was covered with heavy black plastic for respira-
tory measurements. These were incubated for 2 h at 20°C. The release and uptake of
CG, were measured by an infra-red Beckman gas analyser of model 215, using 2 closed
system at 0% humidity. Each measurement reported is a mean of 8 replicates, standard
deviation has also been calculated and expressed diagrammatically.

Results

Ulva indica exhibited a high photosynthetic activity. Rate of gross photosyn-
thesis injtially increased with increasing desiccation. reached a maximum at 20%
desiccation and thereafler gradually decreased (Fig. 1). At 30% the gross photosyn-
thesis was still higher than the initial value (at 0%}, but it suddenly fell to a low level
at 40% and then declined slowly with further increase in desiccation of upto 70%.

Respiratory activity was similarly affected by desiccation. It increased rapidly
showing a sharp peak at 20% desiccation and then gradually declined (Fig. 1). Upto
40% the rate of respiration remained higher than the value at 0%. At 50% it was
slightly fower than the initial value and decreased further with rise in the intensity of
desiccation.

The productivity of U indica always decreased under émerged condition
correlated with increase in desiccation, since the alga showed a high photosynthetic
activity it exhibited a positive net photosynthesis even at 70% desiccation (Fig. 1).
The decrease in the rate of net photosynthesis was rapid upto 40% and thercalter i
stowed down. Net productivity however suddenly fell 1o a low value between 10 and
20% and another similar fall was found between 30 and 40% desicuation.
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Discussion

Gross photosynthesis of U. indica was maximum at 20% desiccation and upto
70% it was able to maintain a positive net photosynthetic tate. This indicates that the
alga is physiologically well adapted for its position in the intertidal zone. In similai
experiments with U. fenestrata, Qadir et al. (1979) also found that net photosynthesis
in emerged condition was 3 times more than for [ridaca cordata, which is a low inter-
tidal alga and is better adapted for submergence than emergence. This may be due 1o
the intertidal stress as the algae growing in the intertidal region display physiofogical
differences from subtidal seaweeds (Liddle, 1975). ‘

At 20% desiccation the gross photosynthesis of U. indica reached a maximum
value but stmultaneously respiration also increased fto a sharp peak. This has caused a
fall of net productivity between 10 and 20%. Another sudden fall in the rate of net
photosynthesis was found between 30 and 40% desiccation. This may be due fo a
rapid decrease in the gross photosynthesis and gradual enhancement of respiratory rate
U. pertusa, an alga of mid-littoral belt survived at spore stage for 16 h at 80% relative
humidity under desiccation (Ohno, 1969). Similar observations have also been made by
Qadir et al. (1979) on U. fenestrata, a low to mid-intertidal seaweed which exhibited
lower gross and net photosyntheses in the emerged state as compared to submerged condi-
tion. This indicates a clear relationship between algal habitats and the tolerance of

desiccation.

Fucus is a high intertidal seaweed and is, therefore. extremely 1esistant 1o
desiccation and other ecofactors e.g. hydrostatic pressure in its raie of O, exchange
(Gessner & Hammer, 1971; Shameel, 1973). Net photosyntflcsis of this “a]ga when
emerged reached a maximum at 20 — 35% desiccation due to increased gross photo-
synthesis and decreased respiration rates (Johnson er al, 1974: Brinkhuis ef al. 1976:
Qadir ef al., 1979). A comparison of these observations with that of present study in-
dicates that Ulve is not so well adapted for prolonged emergence as Fucus, since the
former occupies a position lower than the latier in the intertidal region when they
occur together. Algae growing in higher belt on the shore have thicker cell membrance
than those lower down, and a considerable amount of water must be retained in thei
cells (Ohno, 1969). Algal zonation could, therefore, also be explained in terms of rela-
tive net photosynthetic activity during emergence.
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