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Growth responses to salinity were investigated in twenty-one marine and estuarine benthic diatoms.
Estuarine diatoms tended to tolerate a wider salinity range than marine diatoms. Most marine diatoms did
not grow or their growth rate was reduced to less than a half of the maximum in the media with a salinity of
15% or less, although an optimum salinity and a suitable salinity range were not uniform. Growth
responses to salinity in marine benthic diatoms examined here were little different from those in planktonic
diatoms called typically marine species. Four of six estuarine diatoms were euryhaline but other two grew
well only in a narrow range from 15 to 29%; S. Growth response of the latter suggested that salinity was an

important factor in their distribution.
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Salinity is one of factors limiting the distri-
bution of algae. Growth responses to salinity
have been studied in a number of marine and
estuarine diatoms (Guillard and Ryther 1962,
Guillard 1963, Lewin and Guillard 1963, Wil-
liams 1964, Paasche 1975, Eppley 1977). In
general, estuarine benthic and planktonic dia-
toms tend to be euryhaline, while marine
planktonic species are stenohaline (Eppley
1977). Since the information about growth
responses to salinity in marine benthic dia-
toms is limited, it is unclear whether or not
they are stenohaline. The salinity in the ma-
rine littoral zone where marine benthic dia-
toms live is variable, which is not the case in
the open sea. In the intertidal zone rain and
desiccation at low tide cause a low and high sa-
linity, respectively. The present study
reports the growth response of 21 marine and
estuarine diatoms at various salinities.

Materials and Methods

Twenty-one clonal diatoms were exam-
ined. Two clonal axenic diatoms were added
to 19 diatoms of my previous paper (Mizuno
1991). One was Fragilaria fasciculata (Ag.) L.-

benthic diatoms—estuarine—growth—marine—salinity.

Bert. var. fasciculata collected from Lake Ko-
muke-ko, Mombetsu, Hokkaido and another
was Navicula directa (W. Sm.) Ralfs in Pritch-
ard var. directa collected from Minamigaoka,
Mombetsu. All were benthic pennate dia-
toms except Coscinodiscus sp. which is centric
and seems to be planktonic habit.

Seawater concentrated by heating at 70-
80°C or diluted with distilled water was en-
riched in the same way as modified BSW-2
(Mizuno 1989). Chlorinities of the media
were measured by titration with AgNO;. Sa-
linity (S) was estimated by the following equa-
tion (Japan Meteorological Agency 1970):

Salinity (%)= 1.80655 X Chlorinity (%o)

The salinities of experimental media ranged
from 7 to 43% S. The stock culture was
grown in media of various salinities for 4-
16 days under experimental conditions prior
to initiation of the experiment. The experi-
ments were carried out at 18°C using a
16 : 8h LD cycle. The photon flux density
was 180 ¢E-m~2.571. After preculture, cells
were inoculated into media with the same sa-
linity and were cultured under the experimen-
tal conditions. Each experiment was run in
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triplicate. Some diatoms stick to the culture
vessel wall or grow in a gelatinous sheet.
Consequently, to obtain a good estimate of al-
gal abundance, cells were freed from culture
vessel wall or from the gelatinous sheet with
0.2-0.5 m/ of HNO; and heat. Three tubes
were prepared per replicate, and these tubes
were acid-treated as growth progressed.

The cells in 0.01-0.04 m/ of algal suspen-
sion were counted using a ruled counting
plate under a light microscope. The growth
rate in exponential growth phase was calcu-
lated by the following equation:

#=(In Nt—In No)/t,

where Nt and No are the cell number at times
t and zero, respectively, and ¢ is the growth
rate (day~!) (Guillard 1973).

Statistical analyses followed Sokal and
Rohlf (1973).

Results

Mean growth rates (¢; day~!) of 21 dia-
toms at various salinities were shown in Table
1. In the present study, the salinity where
the maximum growth rate occurred was con-
sidered as an optimum salinity. Furthermore,
the salinity range where the growth rate being
not significantly different from the maximum
growth rate (P>0.05; by a posterior compari-
son of one-way ANOVA) occurred was con-
sidered as a suitable salinity range.

Marine diatoms.  Fifteen diatoms were examin-
ed. Optimum salinity of each diatom
was different from diatom to diatom and
ranged from 24 to 39% S. Suitable salinity
range of each diatom was different from
diatom to diatom as well as the optimum
salinity. A wide suitable range of 20% S
was observed in Gyrosigma prolongatum var.
closterioides, Navicula complanatula and Navicula
directa var. cuneata. On the other hand, a nar-
row suitable range of 5% S was observed in
Coscinodiscus sp. and Muroran strain of
Pleurosigma intermedium var. nubecula. The low-
er limit of the suitable salinity range was 19-
20 or 24% S in most diatoms examined.
Most diatoms did not grow or their growth

rate was reduced to less than a half of the max-
imum at 15%; S or less. Growth rate at 38-
39% S was significantly smaller than the
maximum (P<0.05) in a half of diatoms
examined, although two diatoms (4mphora sp.
and Navicula sp.) grew optimally at this salini-
ty level. In Pleurosigma intermedium var. nubec-
ula, different growth responses were observed
in two strains collected from different locali-
ties.

Estuarine diatoms. Six diatoms were examin-
ed. Optimum salinity of each diatom oc-
curred between 15-24%; S. A wide suitable
salinity range was observed in Achnanthes
brevipes var. intermedia, Fragilaria fasciculata
var. fasciculata, Navicula cryptocephala var. cryp-
tocephala and Surirella ovata. Navicula elegans
and Pleurosigma elongatum showed a narrow
suitable salinity range and a poor growth at 7-
8% S and 33-34% S which is the same
strength as a natural seawater, or more.

Discussion

The present study has demonstrated that
there are diatoms with various optimum salin-
ities and suitable salinity ranges in the marine
littoral zone and in the estuarine region, and
shown that estuarine diatoms tend to tolerate
a wider salinity range than marine diatoms,
as Eppley (1977) pointed out. Although ma-
rine benthic diatoms in the present study
were not uniform in the optimum salinity and
the suitable salinity range, most of them were
suppressed to grow at 15%; S or less and grew
well at more than 19-20% S or more than
24%; S. Furthermore, their growth reduced
at a higher salinity than that of a natural sea-
water in a half of them. Ohgai and his col-
leagues showed that four marine benthic dia-
toms were suppressed to grow below 9% of
chlorinity (16% S) and grew well in the range
from 11 to 18% Cl (20-33%; S) (Ohgai et al.
1984, Ohgai et al. 1984). There is not much
difference in growth response to salinity be-
tween the present diatoms and the diatoms
reported by Ohgai and his colleagues.

Oceanic planktonic clone (13-1) of Cyclotella
nana (now named Thalassiosira pseudonana) iso-
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Table 1. Mean growth rate (#; day™') and SD (in parentheses) of diatoms in media of various salinities at
18°C and a 16: 8 h LD cycle with 180 #E-m~2%.s7 12,

Salinity (%)
7-8 15 19-20 24 29 33-3¢ 38-39 43

Diatom

Marine diatom

Amphora sp. (MIZ-13) — — 0.44 055 _061 067 _0.74 0.66
(0.02) (0.04) (0.07) (0.08) (0.04) (0.06)
Calonets linearis (Grun.) Boyer (MIZ-16) NG® NG 0.28 0.37 _0.43 0.41 0.31 —
(0.02) (0.04) (0.01) (0.04) (0.03)
Coscinodiscus sp. (MIZ-27) - NG 0.86 _ 1.46 1.40 1.21 1.05 -
(0.02) (0.01) (0.02) (0.08) (0.04)
Gyrosigma prolongatum var. NG NG 0.86 0.99 1.03 1.06 0.99 —
closterioides Grun. (MIZ-29) (0.12) (0.03) (0.09) (0.03) (0.02)
Gyrosigma tenuissimum (W. Sm.) NG NG 0.58 0.68 0.73 0.73 0.53 —
Cl. var. tenuissimum (MIZ-26) (0.03) (0.06) (0.02) (0.05) (0.02)
Licmophora abbreviata var. NG NG NG 0.97 0.97 1.04 0.85 —
pappeana (Grun.) Hust. (MIZ-22) (0.04) (0.02) (0.02) (0.02)
Licmophora gracilis var. — — 0.33 0.82 1.18 1.12 1.08 0.86
anglica (Kiitz.) Perag. (MIZ-3) (0.05) (0.05) (0.01) (0.04) (0.01) (0.01)
Navicula complanatula Hust. (MIZ-11) —_ 0.17 1.00 1.07 0.76 0.84 0.81 —
(0.20) (0.05) (0.12) (0.07) (0.10) (0.15)
Navicula directa (W. Sm.) NG NG 0.12 034 _0.49 _0.50¢ 0.32¢ —
Ralfs in Pritchard var. directa (MIZ-20)" (0.03) (0.01) (0.04) (0.01) (0.07)
Navicula directa var. cuneata Ostr. (MIZ-14) — 0.68 1.24 1.24 1.40 1.33 1.18 —
(0.15) (0.06) (0.02) (0.02) (0.06) (0.01)
Navicula sp. (MIZ-21)¢ - NG 008 _062 064 068 0.68 —

(0 ) (0.05 (0.03) (0.01) (0 )

Nitzschia bilobata var. minor Grun. (MIZ-24) NG 0.78 1.16 1.21 1.27 1.15  0.88 —
(0.03) (0.07) (0.03) (0.08) (0.13) (0.08)

Nitzschia sp. (MIZ-23) — NG NG 0.31 0.52 0.53  0.42 —
(0.07) (0.10) (0.09) (0.11)
Pleurosigma intermedium var. — 0.23 0.48 0.52 0.39 0.35 0.34 —
nubecula W. Sm. (Muroran) (MIZ-15) (0.04) (0.02) (0 ) (0.02) (0.02) (0.05)
Pleurosigma intermedium var. — NG 0.25 0.51 0.51 0.44 0.28 —
nubecula W. Sm. (Mombetsu) (MIZ-28) (0.02) (0.03) (0.01) (0.02) (0.04)
Estuarine diatom
Achnanthes brevipes var. 0.73 1.15 1.08 1.06 1.01 0.98 0.98 —
intermedia (Kutz.) Cl. (MIZ-32-1) 0.17) (0.04) (0.14) (0.11) (0.22) (0.06) (0.09)
Fragilaria fasciculata (Ag.) NG 1.00 1.09  0.97 1.02 1.01 0.95 —
L.-Bert. var. fasciculata (MI1Z-30) (0.04) (0.02) (0.03) (0.02) (0.02) (0.04)
Navicula cryptocephala 077 0.83 090 090 0.8 0.87 0.73 —
Kiitz. var. cryptocephala (MIZ-33) (0.02) (0.08) (0.02) (0.06) (0.06) (0.09) (0.04)
Navicula elegans W. Sm. (MIZ-34) 0.10 _0.23 028 0.23 0.23 0.11 NG —
(0.03) (0.01) (0.05) (0.01) (0.01) (0.01)
Pleurosigma elongatum W. Sm. (MIZ-36) NG 0.25 0.25 0.22 0.17¢  0.03¢  0.07 —
(0.01) (0.01) (0.04) (0.04) (0 ) (0.05)
Surirella ovata Kiitz. (xenic) (MIZ-35) 1.22 1.37 1.37 1.33 1.19 1.13 1.17 —

(0.07) (0.10) (0.06) (0.05) (0.05) (0.01) (0.06)

a Mean of 3 replicates. A double underline shows the maximum and a single underline shows the value which is not
significantly different from the maximum (P>0.05, by a posterior comparison of one-way ANOVA).

b No growth in pre- or experimental culture.

¢ Temperature dropped to 14°C during the culture experiment.

4 N=2.
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lated from Sargasso Sea did not even survive
at salinities below half-strength seawater
(17%; S, when a natural seawater is 34% S)
and grew well only in media above 24% S
(Guillard and Ryther 1962, Lewin and Guil-
lard 1963). The similar growth response to
salinity was observed in planktonic diatoms
examined by Ryther (1954) and Kain and
Fogg (1958), which were called “typically ma-
rine species” by Lewin and Guillard (1963),
and other oceanic planktonic diatoms (Guil-
lard 1963). It is found that the growth
response to salinity of marine benthic diatoms
is not much different from that of planktonic
diatoms called typically marine species.

It is probable that on a heavily rainy day
the littoral zone are exposed to the salinity of
15%o S where most of the present marine dia-
toms are suppressed to grow (Edelstein and
McLachlan 1975, Mizuno 1984). Fischer
(1963) reported that 50% of cells of the ma-
rine littoral diatom Gyrosigma balticum died
within 2 hours after transferring to 0.4 strength
natural seawater (14% S, when a natural sea-
water is 34%; S). Exposure to a low salinity
(14% S) for one hour per day completely sup-
pressed the growth of the marine tube-dwell-
ing diatom (Mizuno 1989). A low salinity oc-
curring inshore will damage the marine ben-
thic diatoms which live there. There is a
probability of a higher salinity than that of a
natural seawater occurring in the upper-supra
littoral zone (Edelstein and McLachlan 1975,
Mizuno 1984). The present study has shown
that a half of marine diatoms examined was
suppressed to grow at 38-39% S. A high sa-
linity in the upper-supra littoral zone will pre-
vent these diatoms from growing there.

Most estuarine diatoms are known to be eu-
ryhaline (Guillard and Ryther 1962, Williams
1964, Admiraal 1977, Eppley 1977). Four of
six estuarine diatoms examined here were eu-
ryhaline. On the other hand, it is confirmed
by the culture experiments that there are dia-
toms with stenohaline character in estuarine
ones ( Thalasstosira baltica and Skeletonema subsal-
sum in Paasche 1975). Two of the present es-
tuarine diatoms showed the similar behavior to
the stenohaline estuarine diatoms of Paasche

(1975) and grew well only in a narrow range
from 15 to 29%; S. Since the growth of these
diatoms was strongly suppressed in the salini-
ty of a natural seawater, they will be unable to
immigrate to the marine region. Salinity be-
low 15% S damaging them is likely to occur
in the estuarine region. The salinity may be
an important factor in the distribution of
these diatoms.
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