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Abstract

The upper and lower salinity limits of Nitzschia acicularis, Nitzschia pusilla, Nitzschia palea and Synedra acus, which were
isolated from the Damour River, Lebanon, were determined from laboratory cultures. Growth responses of the investigated
diatoms showed maximum growth in the enriched Damour River natural water (salinity = 0.24 ppt). With an increase in salinity
there was a gradual decrease in the growth until the upper limit was reached. At higher salt concentrations near the upper limit a
lag phase was observed, during the first two days of the growing culture, where the growth was greatly declined. This reduction
in growth can be attributed to high osmotic stress experienced by the investigated diatoms when transferred to flasks containing
salinities near the extremes of their tolerance. The investigated diatoms appear to be very resistant and capable of adaptation to
new situations because they grew better after this two days lag period. The results of this study also showed that all the investigated
diatom species have broader salinity tolerance limits than those reported in the literature and this would enable their distribution

at localities with higher or lower salinities than those typical of the Damour River, Lebanon.
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Introduction

The composition of salts varies considerably in running
water bodies like rivers and streams (Horne and Goldman,
1994). Actually the variations in dissolved salts in rivers
and streams are related to the types of drainage basins.
For instance, soft water rivers mainly drain through
acidic igneous rocks; whereas, rivers with hard waters
usually drain through basins with calcareous sediments.
Beside the types of drainage basins, the salt composition
of rivers and streams is also related to evaporation and
precipitation.

The concentration and variability of salts in
freshwater bodies greatly influence the distribution
and abundance of diatoms and diatom communities.
For instance, Mclntire and Overton (1971) found that
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summer and winter assemblages within the Yaquina
estuary, Oregon were highly correlated with salinity
gradients. In a related study Koppen and Crow (1978)
studied midsummer diatom assemblages along the
salinity gradients of small coastal stream in Kachemak
Bay, Alaska. They found that the diatom assemblages
collected from various locations in the stream were
indicative of the salinity gradient and fluctuation in
salinity that characterized this habitat. The correlation
between salinity gradients and diatom distribution was
also observed by Eyre (2000) who evaluated the nutrient
transformation and phytoplankton growth in nine river-
dominated sub-tropical east Australian estuaries.
Diatoms vary considerably in their physiological
processes (Levich, et al., 1997; Wetzel, 2001; McQuoid
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and Godhe, 2004). Patrick and Reimer (1974) reported
that the information about diatom physiology has
been gathered from only a few diatom species and it
was not sufficient for drawing reliable generalizations on
diatom physiology. Much of the available information
about the effects of salinity on diatoms was the result
of field observations. Such information can be expanded
and better understood from laboratory experiments and
much can still be learned about how salinity affects
diatom growth and distribution.

This study was undertaken to investigate the effects
of salinity on growth and distribution of four freshwater
diatom species collected from Damour River, Lebanon.
It is hoped that this study will contribute to a better
understanding of diatoms salinity tolerance and patterns
of growth and distribution in various salinity regimes.

Materials and Methods

Nitzschia acicularis, Nitzschia pusilla, Nitzschia palea
and Synedra acus were collected from the Damour
River, Lebanon about three Kilometers upstream from
the river’s estuary. The four investigated diatom species
were isolated in pure culture by a streaking procedure
using agar as a solid growth medium. The nutritive
medium used in this investigation was that described by
Guillard and Ryther ( 1962).

Damour river water and Mediterranean Sea water
were used to prepare a series of culture media of varying
salinities. The salinities of the culture media were
measured at room temperature by using a conductivity
meter. The accuracy of the meter was checked by several
standard sodium chloride solutions.

The experiment was conducted in 500 ml Pyerx
Erlenmeyer flasks. Three replicate flasks each containing
100 ml of culture medium were used for all salinity levels
ranging from 0.24 to 31 ppt. Each flask was incubated
with 1.00 ml of the appropriate diatom culture, and the
cells used for inoculating the experimental medium were
taken from actively growing cultures. The flasks were
closed by cotton plugs to permit good air exchange and
to prevent contamination. After inoculation, the cultures
were incubated at 20.0 £ 2.0°C and 4000 + 10 lux (=
lumem/m?) measured adjacent to the flasks at liquid
level as recommended by Miller et al., (1978).

The growth of the investigated diatoms was measured
by taking cell counts performed in a Palmer-Maloney (P-
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M) nanoplankton cells. These are circular chambers 17.9
mm in diameter and 0.4 mm deep with a volume of 0.1
ml. With the covering slip in place, a well mixed culture
was injected on one side of the circular chamber with
a disposable pipette. The sample was examined at 210
magnifications, and five random Whipple fields were
counted. These five random Whipple fields were found
to be sufficient for adequately estimating the population
mean.

The concentration of diatoms in the culture flasks
was calculated according to the following formula
(Schoen, 1988).

C x 1000 mm?
AxDxF

C: number of organisms counted
A: area of a field in mm 2

D: depth of a field in mm

F: number of fields counted

Number per cell =

Where,

Results

The lower and upper salinity limits of the four investigated
diatom species are shown in Table 1. The lowest salinity
concentration used (0.24 ppt) was composed of Damour
river natural water plus an enrichment medium. All the
investigated diatoms grew very well at this concentration.
Thus lower tolerance limits of the investigated diatom
species must occur in a narrow range between 0.00
and 0.24 ppt. Similarly, the upper tolerance limit must
fall within a narrow range between the highest salt
concentration in which growth was observed and the
first concentration along the salinity gradient in which
no growth occurred.

The upper salinity limits of the investigated diatoms
showed considerable variation (Table 1). For instance,

Table 1: Lower and upper salinity limits in ppt ( referred to them
by the small letter x in the cells of the table) of the investigated
diatom species grown in pure culture under laboratory conditions
using enriched natural waters.

Diatom Lower salinity limit | upper salinity limit
(pp) (ppt)
N. acicularis 0.00<x<0.24 2.60<x<3.00
S. acus 0.00<x<0.24 5.00 < x < 6.00
N. pusilla 0.00<x<0.24 16.00 < x < 17.00
N. palea 0.00<x<0.24 30.00 < x < 31.00
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the upper salinity limit of Nitzschia acicularis occurred
in the range between 2.60 - 3.00 ppt.; whereas, that of
Nitzschia palea occurred between 30.00 - 31.00 ppt.

Comparisons between the effect of natural sea water
and sodium chloride on diatom salinity tolerance were
performed on Nitzschia pusilla and Synedra acus. The
upper salinity tolerance of N. puislla occurred in the
range of 16-17 ppt when Damour river natural water
was mixed with sea water, and 14-15 ppt when mixed
with sodium chloride. The upper salinity tolerance of
Synedra acus occurred in the range of 5-6 ppt when
Damour river natural water was mixed with sea water
and 4-5 ppt when mixed with sodium chloride.

The salinity growth responses of the investigated
diatoms are shown in Figure 1-4. The growth curves of
all the investigated species showed that the maximum
yield was obtained in the Damour river natural water
plus an enrichment medium (salinity = 0.24 ppt). With a
further increase in salinity, a gradual reduction in yield
occurred until the upper limit was reached. At higher
salt concentrations near the upper limit a lag phase was
observed during the first two days after transference of
investigated diatom cells to flasks containing salinities
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Fig 1. Growth response of Nitzschia acicularis to various salinity
concentrations. Cells per ml were an average of three cultures
counted at two day interval. Values of Y axis (cells per ml) were
plotted on a logarithmic scale.
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near the extremes of their tolerance, where the growth
was greatly declined.

The maximum observed growth rates (division per
day) of the investigated diatom species at a series of
varying salinities were calculated at day eight where
maximum growth was observed for all the investigated
diatom species. The graphs of these growth rates are
shown in figure 5. These graphs showed a gradual decline
in the growth rate as salt concentrations increases. At
salinities closer to the upper limit stress conditions would
become very severe and diatom growth and abundance
declined rapidly until diatom can no longer survive. This
was best illustrated by the sharp and sudden decrease
in the growth rate of Nitzschia palea at 30 ppt., an
indication that 30 ppt is very close to the upper salinity
limit of this diatom species.

Discussion
The results of this study showed that all the investigated
diatom species have broader salinity tolerance limits
(Table 1) than those reported in the literature. For
instance, Lowe (1974), a famous diatom ecologist,
classified all the investigated species in this study as

Salini t

100000 [

10000 |

Cells per ml

1000

2 4 6 8 10 12 14
Days

Fig 2. Growth response of Synedra acus to various salinity
concentrations. Cells per ml were an average of three cultures
counted at two day interval. Values of Y axis (cells per ml) were
plotted on a logarithmic scale.
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Fig 3. Growth response of Nitzschia pusilla to various salinity
concentrations. Cells per ml were an average of three cultures
counted at two day interval. Values of Y axis (cells per ml) were
plotted on a logarithmic scale.
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Fig 4. Growth response of Nitzschia palea to various salinity
concentrations. Cells per ml were an average of three cultures
counted at two day interval. Values of Y axis (cells per ml) were
plotted on a logarithmic scale.
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Fig 5. Maximum observed growth rates (divisions per day)
of Nitzschia acicularis, Synedra acus, Nitzschia pusilla, and
Nitzschia palea at a series of varying salinities. Calculations were
made at day eight where maximum growth was observed for all the
investigated diatom species.

“indifferent” i.e., they can tolerate small amounts of
salts between 0.00-0.50 ppt. Actually Lowe’s decisions
for determining salinity spectral designations are
based on the findings of many investigators, most of
whom described salinity tolerance mainly from field
observations. Furthermore, Lowe’s summary description
is a consensus of all the reports available to him, which
does not always incorporate the full range of occurrence
as reported in the literature. For instance, Gomphonema
parvulum was reported in the literature cited by Lowe
as indifferent eleven times, euryhalobous five times
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and halophilous (stimulated by small amounts of salts)
twice. Lowe classifies this diatom as indifferent because
it has been described as indifferent more frequently
than as euryhalobous or halophilous. Thus, Lowe’s
classification is more descriptive of the diatom’s usual
environment than of its ultimate tolerance limits.

Laboratory cultures were recently used as a technique
in determining salinity growth ranges of diatom
species. For instance, Underwood and Provot ( 2000)
observed that the distribution of Navicula phyllepta, N.
perminuta, and N. salinarum along salinity gradients in
estuarine ecosystems covered broader ranges than those
reported from field observations. They found that the
three diatom species showed significant differences in
their response to a salinity range of 10-35 ppt., in pure
laboratory cultures. On the basis of the response of each
species, the following salinity ranking of preferences
was constructed: N. phyllepta (10-20 ppt), N. perminuta
(10-30 ppt), and N. salinarum (20 -35 ppt ). The broader
distribution of diatom species along salinity gradients
were also shown for diatoms isolated from hypersaline
marine environment. It was found that most diatom
cultured strains from hypersaline environment grew
well in salinities ranging from brackish to hypersaline
conditions (Clavero et al., 2000; Kirkwood and Henley,
2006). No effort was done in the above mentioned
studies to determine the exact upper and lower salinity
limits of the investigated species.

The results of this study showed that the upper
salinity tolerance was lower when Damour river natural
water was mixed with sodium chloride rather than sea
water. This can be explained by the fact that calcium
and magnesium ions in sea water are antagonistic to
sodium and potassium, and normal permeability of the
plasma membrane was observed when antagonistic salts
were used in proportions common in sea water, but
when salts were used singly membrane permeability
would be greatly altered (Taiz and Zeiger, 1998). In this
investigation mixing Damour river natural water and
sea water preserved a natural balance of antagonistic
salts in the medium. However, when Damour river
natural water was mixed with sodium chloride, fewer
antagonistic ions were present in the solution. This
imbalance probably affected the permeability of the
diatom plasma membrane leading to a decrease in the
electrical resistance of the cells and an increase in the
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permeability to sodium chloride and water. The overall
result was a decrease in sodium salinity tolerance.

Thegrowth curvesand the maximum observed growth
rates of the investigated diatom species showed gradual
decrease as salinity increases until the upper limit was
reached. The lag phase which was observed during the
first two days after transference of investigated diatom
cells to flasks containing salinities near the extremes of
their tolerance can be attributed to high osmotic stress
experienced by diatom cells. The investigated diatoms
appear to be very resistant and capable of adaptation to
new situations because they grow better after this two
days lag period.

The culture conditions in this investigation, namely
light, temperature, and nutrient concentrations did not
simulate environmental conditions. For instance, the
light intensity in the experimental chamber was 4000 £
10 lux, which is low compared to sun light. However,
light intensity in natural water is often reduced by
interposed water, associated water weeds, turbidity
due to floating mineral or organic particles, dissolved
humus substances, and riparian vegetation (Apoya-
Horton, et al., 2006). Also culture flasks were constantly
illuminated, which differs from the normal day-night
photoperiod in nature. The cultures in this study were
incubated at a constant temperature of 20 £ 2° C, whereas,
temperatures vary in nature. The nutrient concentrations
in this investigation were high compared to those in
the natural waters. Nutrient enrichment is necessary
because without it, rapid exhaustion of nutrients would
occur and most of the incubation period would be in the
stationary state of growth (Schoen, 1988). In spite of
the fact that the laboratory conditions did not simulate
conditions in the environment, one can still extrapolate
from the laboratory state to the field. For instance, all the
diatom species in this experiment can tolerate a broader
range of salinity than occurs in the water from which
they were isolated. Therefore, it would be expected that
these diatoms would occur at localities with higher or
lower salinities than those typical of the Damour River,
Lebanon.

No effort was made in this study to determine the
physiological mechanisms used by diatoms to adapt
to increasing osmotic stress. However, one of the
mechanisms may be the formation of osmotically active
organic substances in the cell. For instance, red algae
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and golden brown unicellular algae respond to osmotic
stress caused by higher than normal salinities by the
formation of floridoside ( a glycerol galactoside ( Taiz
and Zeiger, 1998).
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