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ABSTRACT

Limitations in nutrients and physicochemical parameters play a key role in aquatic ecosystems. The
present study aimed to determine the influential physicochemical factors in the chlorophyll-a content
for wetland management by identifying the restricting factors in primary production. Sampling was
conducted during March 2017-February 2018. Factors such as water salinity, temperature, pH, nitrate
and phosphate concentrations, biochemical oxygen demand, total dissolved solids, electrical
conductivity, total suspended solids, and dissolved oxygen were measured in triplicate at each station.
In addition, the trophic state index (TSI) was used to determine the trophic state of the wetland. No
significant difference was observed in chlorophyll-a contents in different seasons (P>0.05), with the
highest values reported in spring and autumn, and the lowest values reported in summer. The
maximum and minimum chlorophyll-a content were observed in stations A and C, respectively.
Station A had a significantly higher value compared to the other stations (P<0.05). In addition, no
significant differences were observed in the water physicochemical parameters in different seasons
(P>0.05). The highest (5.9 mg/l) and lowest water nitrate levels (4.1 mg/l) were observed in spring
and autumn, respectively (mean nitrate level: 4.84 mg/l). The highest (2.1 mg/l) and lowest water
phosphate levels (0.47 mg/l) were observed in spring and autumn, respectively (mean nitrate level:
1.04 mg/l). Moreover, TSI indicated that the wetland is oligotrophic in spring and winter, while it is
mesotrophic in summer and autumn. Overall, the nitrate level in water was the main restricting factor
in the management of Choghakhor wetland.
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Introduction

The beneficial functions of wetlands
include water reservation and transportation,
production of flora and fauna, decomposition of
organic materials, and serving as valuable
habitats for various organisms.! Moreover,
wetlands are considered to be important
conservation habitats for wildlife such as birds,
mammals, fish, amphibians, insects, and plants.?
Wetlands are classified as natural and artificial,
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and water is the key factor in both categories.
With an area of 1,360 hectares, Choghakhor
wetland is the only artificial wetland registered
in the international wetlands of Iran and an
important wintering habitat for native and
migrating birds. Choghakhor wetland is located
at 2,270 meters above the sea level with the
geographical coordinates of 31°54"17"N-
31°56'31"N and  50°52740"E-50°56"14"E
(Document p120, 1996).

Phytoplanktons are at the base of the food
chain, serving as primary producers due to the
capacity to convert inorganic materials into
organic forms.* The primary production of
phytoplanktons is defined based on the amount
of organic materials per unit area and time.’
Primary producers absorb sunlight by
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chlorophyll-a and produce organic compounds
by combining water and carbon dioxide during
photosynthesis. In this process, chlorophyll-a is
the main production pigment, as well as an
indicator of phytoplankton biomass.® In
addition, chlorophyll-a concentration and
distribution are the indicators of nutrient
concentrations and primary production.’
Considering the direct correlation between
nutrient concentrations and primary production,
investigation of nutrient limitation could
contribute to recognizing the controlling factors
of production in aquatic ecosystems.®

Phosphate, nitrate, and silicate are the
major nutrients for the growth and distribution
of phytoplanktons. In general, phosphate is the
restricting factor for primary production in
freshwater, while nitrate is considered to be the
restricting factor in oceans.! Moreover,
increased nutrient concentrations have adverse
effects on aquatic organisms, and accumulation
of phosphate in water and sediments causes
eutrophication.’

Eutrophication increases phytoplankton
bloom and decreases water oxygen, thereby
leading to cyanobacteria bloom. Consequently,
the population of macrophyte, algae,
invertebrate, and fish decline, causing
fundamental changes in biodiversity. Nutrient
monitoring is  essential to  avoiding
eutrophication. The physicochemical and
biological factors in aquatic ecosystems affect
the composition of species and biomass of
phytoplanktons. '

Currently, data is scarce regarding the
eutrophication of Choghakhor wetland in Iran.
The present study aimed to measure water
physicochemical factors to determine the
influential factors in primary production and
contribute to wetland management by clarifying
the restricting factors in primary production.

Materials and Methods

Choghakhor wetland is an artificial
freshwater wetland located in Boldaji town,
which is in Boroujen county of Charmahal-and-
Bakhtiyari province, Iran.!! The wetland is
located at the distance of 12 kilometers from
Boldaji town, which is the nearest region to the
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wetland,'!' and 65 kilometers from Shahrekord.
Surface waters are slightly involved in the water
supply of the wetland. However, the main
suppliers are natural springs, such as Sibak,
Tong-E-Siah, Cheshme Zardegan, Cheshme
Avardegan, Cheshme Eskiabadi, and Cheshme
Galoogard. The region is mesothermal in
summer and cold in winter, with the maximum
and minimum temperature of 21 °C (August)
and 6 °C (December), respectively.'?

Sampling

The stations in the north, south, east, and
west of the studied region were selected based
of availability and the wetland shape. The
coordinates of the stations were as follows:
station A (31054'39"N 50054'36"), station B
(31054"27"N 50054'40"), station C (31055'02"N
50055'23"), and station D (3105426"N
50053'59"). Sampling was performed at the
depth of 10-15 centimeters from the surface of
water.

Water analysis

Triplicate samples were obtained from the
stations at 10 AM-2 PM. To determine the
physicochemical parameters of water, one liter
of water was collected from each station and
transferred to the laboratory, avoiding light and
heat. Water salinity, temperature, and pH were
determined at the stations using a digital
apparatus. In addition, water nitrate and
phosphate levels were measured using standard
methods and a spectrophotometer.!* Water
biochemical oxygen demand (BODs), total
dissolved solids (TDS), electrical conductivity
(EC), and total suspended solids (TSS) were
also measured using standard methods.!'*

The trophic state index (TSI) was used to
determine the trophic state of the wetland.!> TSI
classifies the water body into three categories of
oligotrophic, mesotrophic, and eutrophic based
on a digit scale (0-100). Near-zero TSI shows
ultra-oligotrophic water, and the values of near
100 represent hyper-eutrophic water.

TSI (CHL 2)=9.81In (CHLa) + 30.6

CHLa=chlorophyll-a concentration (mg/m?)
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Various methods are used to determine the
primary production of aquatic ecosystems, the
most common of which involves the
measurement of chlorophyll-a content based on
the following formula:'®

PzﬁxCx3.7
K

where P represents the phytoplankton
photosynthesis (g carbon/m?/day), R is the
relative amount of the light radiated to water, K
shows the reflection coefficient (m), and C is the
chlorophyll-a concentration (mg/m?).

In addition, the value of 3.7 in the formula
is based on the gram on fixed carbon per
gram of chlorophyll within one hour of
photosynthesis, and the K coefficient is 0.3 for
shallow wetlands.

In this study, chlorophyll was extracted
using acetone for 48 hours in dark and cold
conditions (temperature: 3-5 °C). The
transmittance rate of the extracts was read at the
wavelengths of 645 and 665 nanometers using a
UV-Vis spectrophotometer in accordance with
the method proposed by Vollenweider (1974) in
order to calculate the concentration of
chlorophyll-a.!® All the experiments were
performed in triplicate.

Statistical analysis
Comparison of the primary production
between the seasons and stations was performed

using completely randomized blocks (sampling
of the stations). Data analysis was carried out
using two-way analysis of variance (ANOVA)
and Duncan's test at the significance level of
0.05. In addition, the principal component
analysis (PCA) was applied to determine the
main influential physicochemical factors.
Multivariate stepwise regression was also
employed to verify the correlation between
chlorophyll-a content and environmental
factors. All the analyses were performed in SAS
software.

Results and Discussion

In the present study, no significant
differences were observed in  the
physicochemical parameters of water in
different seasons (P>0.05) (Table 1). The
highest (5.9 mg/l) and lowest water nitrate levels
(4.1 mg/l) were observed in spring and autumn,
respectively, with the mean nitrate value of 4.84
mg/l. The highest (2.1 mg/l) and lowest water
phosphate levels (0.47 mg/l) were observed in
spring and autumn, respectively, with the mean
phosphate value of 1.04 mg/l.

The mean water salinity was 14.37 ppt, and
the maximum and minimum levels were
observed in summer (25.75 ppt) and winter (8
ppt), respectively. The mean dissolved oxygen
level during the study period was 5.26 mg/l,
with the highest value observed in winter (6.77
mg/l), and the lowest level observed in summer
(2.55 mg/l).

Table 1. Physicochemical parameters of water (trophic index and TSI) in different seasons in

Choghakhor wetland, Iran (2017-2018)

Parameter Spring Summer Fall Winter
DO (mg/L) 1.16+£5.16 0.93£2.55 1.1£6.57 1.22+6.77
BOD 0.42+2.77 0.26£1.6 0.45+3.17 0.78+3.27
Primary production (g/m?day C) 1.13x£12.5 1.06x11 1.44+12.5 1.76£11.75
pH 0.5+7.23 0.76+7.75 0.8+8.45 0.76+7.95
Temperature ('C) 1.6£19.75 1.91+£24.75 1.23+£12.12 0.78+38.87
Salinity (ppt) 1.17£10.5 1.75+£25.75 1.43£13.25  1.148
Nitrate (ppm) 0.43+4.85 0.34+4.1 0.56+5.9 0.34+4.52
Phosphate (ppm) 0.12+0.79 0.09+0.47 0.56+2.1 0.12+0.81
Ec 3.33+45.2 2.67+£39.75 3.2+40.25 3.45+52.75
TDS 1.16£16.5 1.09+10.25 1.1+10.8 1.23+18.5
Deep (m) 0.49+2.17 0.33+1.6 0.67+2.04 0.45%£1.95
343 41.8 40.2 38.1
Trophy Index (TSI) (Oligotroph)  (Mesotroph) (Mesotroph)  (Oligotroph)
N\
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Based on the TSI, the wetland was considered to
be oligotrophic in spring and winter, while it
was considered to be mesotrophic in summer
and autumn. PCA was applied to determine the
influential physicochemical parameters of water
in chlorophyll-a content (Table 2). The
identified factors encompassed 59.54% of the
total variance and considered to be the major
influential factors.

Table 2. Results of PCA regarding reduction of
physicochemical parameters of water in Choghakhor
wetland, Iran (2017-2018)

Cumulatlve Component  Total Perc egtage
variance of variance
20.8 1 2.78  20.56

42.6 2 1.57 19.23
59.54 3 1.13 143

To date, no integrated studies have been
focused on biological and ecological parameters
and their fluctuations in Choghakhor wetland,
and research in this regard is quite outdated. The
present study aimed to complete the current data
regarding the effects of nutrients on primary
production and contribute to wetland
management by determining the restricting
factors in primary production.

According to the findings of Abolhassani et
al. regarding the assessment of the primary
production status of the international Gavkhooni
wetland, nitrate is the restricting factor in
primary production in Gavkhooni wetland. In
the mentioned research, TSI indicated that the
wetland is oligotrophic in spring, autumn, and
winter, while it is mesotrophic in summer.!”

In another study by Ardila et al. on
ecological assessment based on the analysis of
physico-chemical and biological interactions in
the trophic state of Libelula wetland in Bogota
(Colombia), the results indicated that the
eutrophic state has led to the formation of
specific phytoplankton, zooplankton, and
macrophyte species, which have been associated
with nutrient- and organic matter-enriched
water ecosystems. Furthermore, the changes in
the bathymetry of Libelula wetland was studied
over time using the geographic information
system (GIS) and unmanned aerial vehicles
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(UAV). The findings showed a significant
negative 1impact principally due to the
residential activities that lead to the loss of
important ecosystem services. '8

In the current research, the influential
factors determined by PCA were used in
stepwise regression in order to identify the
optimally fitted model for the main factors. The
stepwise test revealed that among these
parameters, nitrate and phosphate had the
highest cumulative variance compared to the
other factors. Table 3 show output of cumulative
rate of physicochemical parameters of water in
Choghakhor wetland.

Table 3. Output of cumulative rate of physicochemical
parameters of water in Choghakhor wetland

Factor Cumulative percentage
DO 0.67
BOD 0.65
pH 0.6
Temp 0.61
Salinity  0.52
NO; 0.72
POy 0.73
EC 0.56
TDS 0.63
Deep 0.52
TSS 0.4

As is observed in Fig. 1, there was no
significant difference in the chlorophyll-a
concentration in different seasons (P>0.05). The
highest chlorophyll-a content was observed in
spring and autumn, whereas the lowest content
was observed in winter.
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Fig. 1. Mean natural log of chlorophyll-a (mg/m®) in
different seasons in Choghakhor wetland (2017-2018)
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Compared to the results obtained by Fathi
et al., our findings suggested a decrement in the
chlorophyll-a content in the wetland. In the
mentioned study, they reported the annual mean
chlorophyll-a content to be 18.75 mg/l, with the
peak observed in summer and autumn.!’
Moreover, our findings indicated that the
wetland was not more eutrophic compared to the
study by Ebrahimi ef al. On the other hand they
reported that the wetland is mesotrophic.’

According to the results of the present
study, there were two peaks in the chlorophyll-a
content of the wetland in spring and autumn,
which was due to the optimization of
phytoplankton bloom conditions. It is notable
that the minimum chlorophyll-a content was
reported in summer and winter.?°

In the current research, TSI was estimated
at 38.6 in the wetland, suggesting that the
wetland was in an oligotrophic state. The
highest index value was observed in summer,
demonstrating the mesotrophic state of the
wetland in this season. However, summer
represented the lowest chlorophyll-a content,
while the highest content was reported in
autumn and spring, denoting an oligotrophic
state in these seasons.

According to the results of PCA, water
nitrate and phosphate were the most significant
influential factors in chlorophyll-a content,
which emphasizes on the importance of
nutrients in primary production. Furthermore,
the stepwise regression analysis showed that
water nitrate was a major restricting factor in the
wetland as when the wetland contained high
phosphate concentrations, and the nitrate to
phosphate ratio dropped to certain levels,
nitrate-N was the restricting factor.! Similarly,
water nitrate was reported to be the restricting
factor in Karst Lake (Germany), and addition of
nitrate to the water increased the phytoplankton
population.?! Phosphate has been reported to be
the restricting factor in Bitter Lakes (Egypt),
suggesting that the lake is oligotrophic.??
Overall, nitrogen seems to be more important in
primary production compared to other water
nutrients.

In another study, Ghorbani ef al. evaluated
the effects of physico-chemical factors on

chlorophyll-a in  Shadegan international
wetland, located in Khouzestan province (Iran),
reporting that based on the TSI, Shadegan
wetland is mesotrophic in spring and winter,
while it is eutrophic in summer and autumn.
Overall, the lake was reported to be a suitable
environment for warm water species.?

Abolhasani et al. assessed the primary
production status of the international Gavkhooni
wetland (Iran), observing that the mean water
nitrate level of the sample stations was 4.255
mg/l, with the highest (5.07 mg/l) and lowest
levels (3.35 mg/l) recorded in summer and
autumn, respectively. In addition, the mean
water phosphate level of the sample stations in
the mentioned study was estimated at 1.082
mg/l, with the highest (1.75 mg/l) and lowest
levels (0.57 mg/l) recorded in winter and
summer, respectively.!”

As is depicted on Fig. 2, the significantly
highest chlorophyll-a content was observed in

station A (P<0.05), while the lowest
concentration was observed in station C.
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Fig. 2. Mean content of chlorophyll-a (mg/m?) in various
stations in Choghakhor wetland (2017-2018)

Finally, the stepwise analysis demonstrated
that among various water parameters, nitrate
was the only significant influential factor in the
concentration of chlorophyll-a in the wetland.

Chlorophyll-a=11.23 — 2.14 NOs; R?>=0.83

According to the results of the present
study, water nitrate was the main restricting
factors in primary production in Choghakhor
wetland. The lowest chlorophyll-a content was
observed in summer, which might be due to
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higher temperature as most phytoplanktons die
or have limited growth under over-radiation
conditions.?’ Moreover, low phytoplankton
population and high water temperature increase
the activity of organisms, thereby leading to the
depletion of the water oxygen content. Low light
intensity and shortened daytime might be the
causes of the low primary production in the
wetland in winter. The highest water TSS could
be another negative influential factor in the rate
of phytoplankton photosynthesis. Accordingly,
the lowest chlorophyll-a was observed in station
C, which might be due to the high water TSS
during the study period.

In this regard, Ghorbani ef al. evaluated the
effects of physico-chemical factors on
chlorophyll-a content in Shadegan international
wetland, reporting the annual average
chlorophyll-a concentration to be 10.28 mg/m?.
However, no significant seasonal differences
were observed (P>0.05). The maximum
chlorophyll-a content was observed in autumn
(29.63 mg/m?), whereas the minimum value was
observed in spring (4.07 mg/m?).2?

Abolhasani et al. assessed the primary
production status of the international Gavkhooni
wetland, reporting no significant difference in
the mean chlorophyll-a content in different
seasons. Furthermore, the highest and lowest
chlorophyll-a contents were observed in spring
and winter, respectively; and the significantly
highest content was measured in station A
(Shakh Kenar).!”

Nutrient fluctuations may largely influence
the structure and composition of phytoplankton
populations over time." ?* According to the
results of the present study, fluctuations in the
nutrients in Choghakhor wetland were parallel
as the highest water nitrate and phosphate levels
were observed in spring, and the lowest levels
were reported in summer. Moreover, a direct
correlation was denoted between the water
chlorophyll-a content and nutrient levels.
Surface water nitrate was found to increase in
winter, autumn, and early spring, while it
decreased in late autumn and summer.'!

In the current research, water nitrate
showed a specific cycle in different seasons as it
decreased from spring to summer and increased
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in autumn, followed by further reduction in
winter.!® Phosphate had a similar change
pattern, which indicated that primary production
levels change along with the changes in water
nutrients in Choghakhor wetland. In general,
nitrogen and phosphorous are considered to be
the main restricting factors in aquatic
ecosystems, and the growth of phytoplanktons
depends on the concentrations of these
compounds.?’

Comparison of the present study with the
findings of Fathi et al. demonstrated that the
levels of water nutrients increased markedly,
while the chlorophyll-a content decreased,
thereby leading to the reduction of
phytoplankton growth and diversity. Elevations
in the water nutrients of wetlands may be an
alarm for eutrophication. '’

Conclusion

According to the results, TSI indicated that
Choghakhor wetland was oligotrophic in spring
and winter, while it was mesotrophic in summer
and autumn. In general, water nitrate was
considered to be the main restricting factor in
Choghakhor wetland.
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