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Abstract

The effects of salinity and acclimation time on
of 3 estuarine red algae, Bostrychia radicans Mont.,
from Great Bay Estuary,

and Polysiphonia subtilissima Mont.,

vestigated. The algae were cultured in a series
25 and 35% S for acclimation periods of O,

15

the net photosynthetic responses
Caloglossa leprieurii (Mont.) J. Ag.,
New Jersey, USA, were in-
of synthetic seawater media of 5,
2, 4, 8, and 16 days prior to de-

termining their photosynthetic responses. All species were euryhaline, and demon-

strated photosynthesis at all the above salinities. B.
had a maximum photosynthetic rate at 25% S,
which were more common towards the head of

mon towards the mouth of the estuary,
whilst (. leprieurii and P. subtilissima,

radicans, which was more com-

the estuary, had photosynthetic maxima between 15 and 25%, and at 15%, respective-
ly. The curves relating net photosynthesis to salinity were usually similar within
a species at different acclimation periods, although statistically significant
differences were sometimes noted. The acclimation periods producing maximal net

photosynthesis were O,
whilst for P. subtilissima

2 and 4 days for B. radicans,
there was no significant difference in response for any

and 4 days for C. leprieurii,

acclimation period over the range of salinities studied.

Introduction

Previous investigations on the effect of
salinity on the net photosynthesis of
benthic marine algae have revealed a
variety of responses which suggest that
the interactions are complex. The in-
ability to define general trends stems
in part from one or more of the follow-
ing: a lack of sufficient replication
which is necessary with plant material
that may be heterogeneous; the ability
of different species of seaweeds to
thrive in a restricted (stenohaline spe-
cies) or in a wide (euryhaline species)
salinity range; differences in experi-
mental techniques, particularly with re-
gard to the acclimation of the plant ma-
terial prior to running an experiment,
Fromageot (1923) reported that the
highest rates of photosynthesis in sev-
eral green algae occurred in full-
strength seawater and that deviations in
salinity in either direction caused a
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decline in the rate of photosynthesis.
This response suggests a relatively
stenohaline group of algae. In contrast,
the euryhaline species Ulva lactuca, Fucus
virsoides, Porphyra leucosticta and Wrangelia
penicillata from the Adriatic Sea, studied
by Zavodnick (1975), were able to photo-
synthesize over a wide range of salini-
ties, from O to 42% S.

However, there are reports in the
literature that are more difficult to
interpret. Legendre (1921) found that,
in a reduced salinity of about 22% S,
the photosynthetic rates of Ulva lactuca
and Fucus serratus gradually increased to
more than double the rate in full-
strength seawater. Nellen (1966) studied
salinity influences on photosynthesis in
Delesseria sanguinea and F. serratus and var-
ied both the salinity and exposure time.
Some of her results indicate that
changes in salinity caused a subsequent
stimulation in performance, followed by
a depression due to the detrimental ef-
fects of the salinity change, but that
this was not always so.

Another potential source of variation
in the response of algae to salinity
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changes is the period of time the plant
material is acclimated to the salinity
in question. Many investigators used no
acclimation period (Ogata and Matsui,
1965; Gessner, 1969; Zavodnick, 1975),
so that responses measured may result
from shock on being transferred to a to-
tally different regime; other workers
apparently chose arbitrary acclimation

times (Druehl, 1967, 5 days; Mathieson
and Dawes, 1974, 4 days; Fralick and
Mathieson, 1975, 4 days; Dawes et al.,
1976, 3 days).

The present study was designed to
study the net photosynthetic responses
of laboratory cultured material of 3 es-
tuarine red algae, Bostrychia radicans Mont.,
Caloglossa leprieurii (Mont.) J.Ag., and
Polysiphonia subtilissima Mont., to varia-
tions in salinity as a function of ac-
climation periods ranging from O to 16
days. The observed photosynthetic re-
sponses to salinity variations are cor-
related with the horizontal or local
distribution of the algae in their estu-
arine environment.

Materials and Methods

The unialgal cultures of benthic algae
used in the study were isolated from the
Great Bay Estuary, New Jersey, USA. The
habitats, locations and dates of collec-
tion of each isoclate are as follows: Bos-
trychia radicans Mont., upper eulittoral
zone, wooden pilings, Marine Biology
Station, 17 July, 1973; caloglossa lepri-—
eurii (Mont.) J.Ag., mid-eulittoral zone,
wooden pilings, Parkway Bridge, 13 July,
1973 ; Polysiphonia subtilissima Mont., lower
eulittoral zone, wooden pilings, Parkway
Bridge, 30 July, 1974. Stock cultures
were maintained in von Stosch's enriched
seawater media (as cited by Ott, 1966),
at 25% S for B. radians and at 15% S for
C. leprieurii and P. subtilissima. The tanks
containing the algae were maintained un-
der an illumination of 2252 % 269 lux at
250C, Female plants of one clone each of
B. radicans and (. leprieurii and a vegeta-
tive clone of P. subtilissima were grown
from excised branch tips in 15 1 plastic
tanks containing 12 1 of the enriched
seawater media. Each tank was aerated
with compressed air to avoid COp deple-
tion (Emerson and Green, 1934; Tseng and
Sweeny, 1946), enhance growth (Colinvaux
et al., 1965; Ogata et al., 1972) and pro-
vide circulation. The air was passed
through two deionized water filters to
minimize the chance of contamination.
Cloned plants were used to reduce genet-
ic variability and ensure that reproduc-
tion would not take place. Thus, all ex-
periments for each species were conducted

on a single genotype in the vegetative
state.

A preliminary experiment was carried
out in which the net photosynthesis of
each species was determined at salini-
ties of 0, 5, 15, 25 and 35% without
prior acclimation. A series of experi-
ments was then conducted to investigate
the effect of acclimation periods of O,
2, 4, 8 and 16 days (in a Sherer Dual
Jet Incubator, Mcdel RT46 B-SE, Marshall,
Michigan, USA) in a given salinity re-
gime on the net photosynthesis of each
isolate. A synthetic seawater medium
(Ott, 1965) containing 5, 15, 25 and 35%
total salt was used to insure the avail-
ability of COp (Ogata and Matsui, 1965;
Hammer, 1968). This medium also contained
NaHCO3. The concentration of carbonate
buffers in the artificial seawater was
the same in all salinities. The pH of
the media was 7.5 to 8.0, regardless of
salinity. Net photosynthesis was mea-
sured by the azide modification of the
Winkler Method (Rand et al., 1976) and ex-
pressed as mg Oy g~1 dry weight h-1.
Each experiment consisted of 4 repli-
cates with an incubation time of 3 h.

The light intensity and temperature in
the Sherer Incubators were held constant
at 2252 1 269 lux and 26°C f 1 CO. The
data were analyzed by one- and two-way

ANOVA's, and Tukey's multiple comparison
of the means (= Tukey's w-procedure,
Miller, 1966), and were tested for sig-

nificant differences at the 5% level.

Results

The net photosynthesis of Bostrychia radi-
cans previously cultured at and there-
fore acclimated to a salinity of 25%,
was uniform (P <0.05) over a salinity
range of 15 to 35% (Fig. 1). A decrease
in net photosynthesis occurred at salin-
ities less than 15%, and no net photo-
synthesis was recorded at 0% S. During
acclimation experiments, all plants died
after 3.5 days immersion in a salinity
of 0%. The effects of acclimation time
on net photosynthesis at different sa-
linities are shown in Fig. 2, and a sta-
tistical analysis of the trends is pre-
sented in Table 1. There was no signifi-
cant difference (P <0.05) between accli-
mation regimes of O, 2 and 4 days over a
wide range of salinities. Acclimation
periods of 8 and 16 days, however, led
to statistically significant reductions
in the net photosynthetic rate compared
to the acclimation periods of O, 2, and
4 days. The optimal rate of net photo-
synthesis in all acclimation regimes was
at 25% S. There were marked declines in
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Fig. 1, Bostrychia radicans (Tukey's w = 2.73),
Caloglossa leprieurii (w = 1.55), and Polysipho-
nia subtilissima (w = 1.49). Net photosynthetic
rates after 3 h incubation at various salinities.
Fach point is based on 4 replicates. The algae
had not been previously acclimated to the vari-
ous salinities. B. radicans was cultured at 25% S,
C. leprieurii and P. subtilissima at 15% S

Table 1, Bostrychia radicans, Caloglossa lepri-
eurii and Polysiphonia subtilissima. Statistical
summaries of net photosynthetic responses of
clones to variations in salinity with different
acclimation times. Analyses by Tukey's multiple
comparison of means at the 5% level. Values un-
derscored by same line are not significantly
different from each other. Magnitude of photo-
synthetic responses are ranked from smallest to
largest, left to right

Species Treatment
Salinity (%) Acclimation times
(days)
B. radicans 5 35 15 25 8 16 O 2 4
C. leprieurii 35 5 15 25 16 8 2 0O 4
P. subtilissima 35 5 25 15 2 0 4 16 8

net photosynthesis after 8 and 16 days
acclimation at 35% S.

The net photosynthesis of Caloglossa
leprieurii previously cultured at and
therefore acclimated to a salinity of
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Fig. 2. Bostrychia radicans. Net photosynthetic

rate with acclimation periods of 0, 2, 4, 8 and
16 days in salinities of 5, 15, 25 and 35% (w =
2.75). Each point is based on 4 replicates

15% was uniform (P <0.05) over a salini-
ty range of 5 to 25% (Fig. 1). A decrease
in net photosynthesis occurred at salin-
ities greater than 25%, and nonet photo-
synthesis was recorded at 0% S. The effects
of acclimation time at different salinities
are shown in Fig. 3, and a statistical anal-
ysis of the trends are given in Table 1.
The optimal acclimation period over a
broad range of salinities was 4 days
(Table 1, P <0.05). A significant de-
cline in net photosynthesis occurred in
both 8- and 16-day acclimation regimes
at 5% S. The optimal rate of net photo-
synthesis in all acclimation regimes oc-
curred between 15 and 25% S (P <0.05).

The optimal rate of net photosynthe-
sis of DPolysiphonia subtilissima previously
cultured at and therefore acclimated to
a salinity of 15%, occurred at 15% S

(Fig. 1). A decline in net photosynthe-
sis was apparent at salinities greater
than or less than the optimum, and 1lit-
tle photosynthesis was recorded at 0% S
(P <0.05). All plants died after 1.5
days immersion in a salinity of 0%. The
effects of acclimation time on net pho-
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Fig. 3. Caloglossa leprieurii. Net photosynthet-

ic rate with acclimation periods of 0, 2, 4, 8
and 16 days in salinities of 5, 15, 25 and 35%

(w = 1.48), Each point is based on 4 replicates
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Fig. 4, Polysiphonia subtilissima. Net photosyn-—

thetic rate with acclimation periods of 0O, 2, 4
8 and 16 days in salinities of 5, 15, 25 and 35%
(w = 2,33)., Each point is based on 4 replicates

tosynthesis at different salinities are
shown in Fig. 4, and a statistical anal-
ysis of the trends is presented in Ta-
ble 1. There was no significant differ-
ence in response between acclimation
times over the whole range of salinities
tested (P <0.05). The optimal rate of
net photosynthesis in all acclimation
regimes was at 15% S (P <0.05). A dis-
tinct increase in net photosynthesis oc-
curred at 35% S after 8 days acclimation.

Discussion

The patterns of net photosynthetic rates
as a function of salinity variations
differed for the 3 estuarine species of
red algae studied, although all species
were very eurvhaline. Bostrychia radicans
photosynthesized between 15 and 35% S
(Figs. 1, 2) with a statistically sig-
nificant maximum rate at 25% S (Fig. 2,
Table 1) . Caloglossa leprieurii had a rela-
tively high photosynthetic rate at all
salinities tested (Figs. 1, 3), with a
statistically significant maximum rate
between 15 and 25% S (Table 1). Polysi-
phonia subtilissima demonstrated a less
broad response to salinity than the two
preceding species, and had a distinct
maximum rate at 15% S. All 3 species oc-
curred throughout the estuary (Yarish
and Edwards, 1976), with B. radicans be-
ing more abundant at the mouth (salin-
ity range 23 to 31%) and c. leprieurii and
P. subtilissima being more common towards
the head (salinity range at the Parkway
Bridge 5 to 19%). Thus, there is a gen-
eral correlation between the horizontal
or local distribution of these algae in
the Great Bay Estuary System in New Jer-
sey and their net photosynthetic re-
sponses to salinity variations in the
laboratory.

None of the species occurred in fresh
water, and this correlated with their
limited survival time of 1.5 to 3.5 days
in fresh water. More difficult to ex-
plain is the absence of the species from
the relatively higher salinity regime of
the open coast of New Jersey (monthly
range for nearby Atlantic City on the
open coast is 27 to 35% S, U.S. Coast
and Geodetic Survey, 1965). All 3 spe-
cies showed considerable photosynthetic
activity at 35% S. However, Bostrychia
radicans showed a large decline in activ-
ity at this salinity after 8- and 16-day
acclimation periods, and Polysiphonia sub-
tilissima after 16 days. Surprisingly
however, the photosynthetic rate of p.
subtilissima at 35% after an 8-day accli-
mation period, was the highest among all
acclimation periods. The reduction of
the photosynthetic rate could have been
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due to the long acclimation period in
artificial seawater, which may not be an
adequate substitute for natural seawa-—
ter. Certainly, the responses of all 3
species in enriched seawater media were
similar to the responses of material ac-
climated in artificial media for up to

4 days, but plants were not acclimated
in enriched seawater media.

However, the possibility cannot yet
be ruled out that a salinity of 35% is
too high for these species. This is also
supported by Fralick and Mathieson (1975),
who reported a decrease in the photosyn-—
thetic rate of Polysiphonia subtilissima at
salinities greater than 30%. On the oth-
er hand, Mathieson and Dawes (1975) have
recorded P. subtilissima in Florida on the
open coast in a salinity range of from
37 to 42%. Such distribution differences
might be due to ecotypic or physiologi-
cal race variations.

There are conflicting reports in the
literature on the effect of acclimating
plants to a given salinity before deter-
mining their photosynthetic rate. Kjeld-
son (1967) and Ogata and Schramm (1971)
reported that the rates of photosynthe-
sis of non-acclimated plants in a given
salinity were always higher than in
plants acclimated to that salinity.
Montfort (1931) stated that it may not
be possible to establish a definite re-
lationship between the photosynthetic
rate of a given species and salinity,
since the rate varies according to both
salinity and exposure time, resulting in
an almost unlimited number of curves.
However, for each species in the pres-
ent study, the curves relating net pho-
tosynthesis with salinity were similar
for different acclimation periods, and
most can be correlated with the horizon-
tal distribution of the species in the
estuary. Assuming that a maximal net
photosynthetic rate implies that a spe-
cies is fully acclimated, a 4-day accli-
mation period would appear to be the
best one to use for the 3 species stud-
ied (Table 1). Therefore, it would be
wise to do preliminary acclimation stud-
ies to identify a valid time period,
since this study indicates that such an
acclimation period would not be appro-
priate for all species.,
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