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Abstract: In this study, trophic state indicators, total phosphate, algal chlorophyll and Secchi disk transparency
and zooplankton community of Lake Choghakhor was studied monthly between May 2003 and April 2004,
This lake is a shallow ecologically and economically inportant water body in eastern part of Iran.
Crop farming and recreational activities are examples of the human impact around and within the lake, leading
to a loading of DIN (Dissolved Inorgamc Nitrogen) and TP (Total Phosphate) into the lake. Now submerged
plants especially Myriophyllum spicatum has covered almost the entire lake and dense macrophyte beds
(Polygonom amphibium), located on the East Southern end of the lake appear to act as a sk for these
nutrients. Lake Choghakhor appeared to be in a macrophyte dominated clear water state with low TP (annual
mean: 244 15 pg 171 and chlorophyll a (annual mean: 3+1.28 ug 1.™") concentrations and very high Secchi
depth. The grazing pressure of dominant pelagic filtering zooplankton Daphnia longespina did not seem to be
significant in determining the low phytoplankton crop expressed as chlorophyll a. We expect that sequestering
of nutrients by submerged plants and associated epiphytes are the dominant stabilizing mechanisms
suppressing the phytoplankton crop of Lake Choghakhor.
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INTRODUCTION

The primary productivity of shallow lakes 1s
characterized by mixed populations of phytoplankton and
submerged aquatic vegetation m the open water, fringed
by various species of emergent vegetation. Research in
other parts of the world has indicated that the relative
proportion of submerged macrophyte and phytoplankton
depends on nutrient loading, water depth, basin slope and
size and herbivore (Wetzel, 2001). Some shallow lakes
appear to be dominated by submerged aquatic vegetation,
whereas other appears to be dominated by dense
phytoplankton blooms (and little submerged macrophyte),
a finding that has been labeled alternative stable states
(Scheffer, 1997). According to this theory at low nutrient
levels phytoplankton becomes nutrient limited, which
leads to clear water and dominance of macrophytes. At
high nutrient levels, phytoplankton dominance will lead to
msufficient light for submerged macrophytes and a stable
turbid state. At intermediate nutrient levels, however,
either macrophytes or phytoplankton can dominate and

shifts between the two states are possible. A clearwater
state 1s largely characterized by submerged plants and
sufficient piscivorous fish (e.g., Pike and predatory Perch)
biomass to extent strong control on planktivorous fish
{(e.g., Bream, Carp, Roach, Tench) enabling zooplankton
{e.g., Daphnia) to control phytoplankton and snails to
control epiphytes on the plant surfaces (Jeppesen et al.,
1997, Moss et al., 1998, Scheffer, 1997). Nutrient uptake
(Wetzel, 2001), reduction of sediment resuspension,
improving conditions for micro-macro mvertebrate
epiphyton filtrates (Cottenie et al., 2001), enhancement of
denitrification (Perrow et al., 1997) may also contribute to
the effect of aquatic macrophytes on water clarity. The
growth of submerged aquatic macrophytes may be limited
by lack of light due to lugh turbidity (from phytoplanktomn)
(Teppesen et al., 1998), lack of light due to water depth
(Moss et al, 1994), or low nitrogen (Carpenter et al.,
1998). Nutrient loading (bottom-up control), predatory
fish and invertebrates (top-down control), climatic
events (flood/drought), or some combination of external
and internal factors may regulate these alternative states
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(Scheffer ef ¢, 2001). A change in abundance of fish
has been credited with changing the trophic state of
shallow lakes (Jeppesen et ¢f., 2000; Zimmer et af., 2001;
Tétrai et af., 2003). The role of fish can be particularly
large in shallow lakes, becanse the biomass of fish per
cubic meter of water is higher in shallow lakes than in
deeper lakes (Jeppesen et «f., 1997) and because they
have access to altemative food resources that may
facilitate the top-down control of zooplankton.

Lake Choghakhor used to be a natural wetland
known for its reed mats. In 1991 an earthen dam was
constructed at the exit canal of the lake increasing its
depth and turning it into a permanent shallow lake.
Subsequently, Regional Fisheries Office stocked the lake
with Chinese carp species mainly with Cyprinus carpio,
Hypophthaimichthys molitrix and Clenopharyngodon
idella for a few years. It is regarded as a wetland by the
Department of the Environment becanse of its natral
importance mainly high diversity of aquatics and also a
wintering site for waterfowls and migratory birds. Lake
Choghakhor is an important ecosystem in the region. It
has a great recreational value and also supports
waterfowl, local agriculture, tourism and fisheries. In spite
of these importance and a few exemptions, there is great
deficiency towards the water chemistry and biological
aspects. The early studies before construction of the dam
indicates that the lake was not entirely covered by
macrophytes and their extension was restricted mainly to
the littoral belt dominating by Juncus (Bagheri, 1997).
Today, the lake is completely dominated by submerged
aquatic vegetation making great problem for the
recreational and fisheries activities. The present
study, part of a comprehensive project covering all
environmental, biological and socio-economical aspects,
aimed to carry out through limnological study in order to
draw a clear picture about the prominent environmental
conditions, trophic status and primary production of the
lake.

MATERIALS AND METHODS

Site description: Lake Choghakhor is located in eastern
part of Iran (31°, 54°-31°, 56'N; 50°, 40°-56°, 14'E)
Chaharmahal - Bakhtivari Province and is about 2300 m
above sea level. It is a shallow lake (mean depth = 2.5 m)
and occupies an area of 14 km® The total volume of water
varies between 25x10° m” in summer and 35x10° m* in
winter. This lake surrounded by 8 small villages,
agriculture and livestock main activities. The mnoff
of agricultural lands ends into the lake. There are also
about 5 considerable permanent springs’ originations
from calcarcous mountains to the south (Fig. 1). The
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Fig. 1: Schematic map of Lake Choghakhor (not to scale)
with the 5 sampling stations(shown as+) and
locations of inflows(shown as) and outflow (dam).
Station 5 is the deepest part of the lake

predominant climate of the area is Mediterranean with
very cold winter and mild summers (-20 and 30°C) with an
annual precipitation of 800 mm (Annual Statistic of the
Country, 2003).

Five stations of Lake Choghakhor were sampled
monthly from May 2003 to April 2004. Sampling was not
done for two months, November and February, becanse
of weather and freezing problem. Water samples were
collected by using Ruttner hydrobiological water sampler
of 2 1. capacity. Water samples for chemical analysis were
taken at surface and for physical analysis in two depths
(surface and bottom).

Sites  were  selected represent  different
hydrodynamic environment and different diversity and
density of submerced macrophytes.  Analytical
procedures for the chemical analysis were done according
to APHA (1992). Water temperature and dissolved oxygen
were measured with a YSI 57(Yellow Springs Instruments)
digital oxygenmeter. Water transparency was estimated
using a Secchi disk. Samples for chlorophyll analysis were
filtered onto Whatman GF/F filters within 24 h of
collection. Chlorophyll was extracted in 95% acetone and
analyzed with a spectrophotometer at 750, 665 and 649 nm.
(APHA, 1992).The Chl a concentration was used as a
proxy for phytoplankton biomass. The ratio of biologically
available nitrogen (NH,*, NO,") to biologically available
phosphorus (SRP) was calculated to provide an estimate
of nutrient limitation (Redfield ratio).

At least 30 L of water was sampled for zooplankton.
Samples were collected by polyethylene tube and 45 pm
mesh-size nylon plankton net. The samples for
identification were stored in a 4% formaldehyde solution
until microscopic - stereoscopic counting (Smith, 2001).

to
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Table 1: Physical-chemical data of Lake Chaghakhor, May 2003-April 2004

Year

2003 2004

Month
Properties M J J A S 0] D J M A Meant SD
Temp. (°C) ] 15.5 18.60  26.00 21.90 19.00 15.30 4.48 3.00 8.46 11.50 14.370+£7.478

b 15.0 17.50  20.00 19.60 17.60 14.20 4.20 4,00 840 11.50 13.2004£5.9709
DO (mgL™ s 82 950 990  10.00 9.25 916  9.80 1120 1115 1030  9.842+0.9006

b 8.0 9.00 9.00 9.10 8.80 8.90 9.50 11.20 11.10 10.30 9.490+1.0461
Secchi depth (m) 15 340 3.00 3.00 3.00 3.20 2.00 2.00 0.90 1.20 2.320+0.911
pH 5 8.72 9.68 9.51 9.28 9.18 8.77 842 8.35 8.37 8.028+0.508
s: Surface, b: Bottom

RESULTS :: B Chla(ug L™
g O Secchi depth (m)
Lake Choghakhor did not undergo stable thermal and 2 i-

oxygen stratifications and lake water was mixed g 3
throughout the study. The swface water temperature o2
varied from 3°C (in January) to a maximum of 26°C (in JTuly) G 1
and bottom temperature followed the same variation (i.e., 0+
from 4°C in January to 19.6 in July) (Table 1). A weak M J J A S 0O " D J M A

thermal stratification was noticed from June through
October while the water mixing began early in autumn.
The lake’s mixing regime is polymictic.

Dissolved oxygen in swface waters fluctuates
between 8.2 and 11.2 mg L.™', appearing the minimum
values through the warm period (Table 1). Diurnal
stratification was measwed throughout the late
spring and summer, while the water column was
isothermal in  winter (Table 1). The maximum
concentration, 11.2 mg L™' was recorded in January
during the isothermal conditions. Decomposition
processing and sediment oxygen demand were sufficient
to cause lower dissolved oxygen values, near-bottom,
from June to October (Table 1).

Secchi-disk transparency varied between 0.9 and
3.4 m through the year (Fig. 2). The highest value
(summer) may be related to low phytoplankton biomass,
while there was low seasonal variability throughout the
year. The Secchi depth was found to be the minimum in
early spring and winter when submerged plants were
absent (Fig. 2).

There was a sigmficant inverse correlation between
transparency and Chlorophyll @ concentrations. Annual
mean Chlorophyll @ concentration was 3+1.28 pg L™ and
the Chlorophyll @ concentrations were <3 pg L™
throughout the summer (Fig. 2).

In Lake Choghakhor, the annual mean of total
phosphorous (TP) and soluble reactive phosphorous
(SRP) concentrations were 24+15 and 8+7 pg L7,
respectively that the concentrations were lower
throughout the summer than in spring and winter
(Fig. 3a). Concentrations of TP had a seasonal range of
0.007 ~ 0.03 mg L. and exhibited higher values during the
spring and winter.
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Fig. 2: Fluctuations in Chlorophyll a concentration in
Lake Choghakhor, May 2003-April 2004
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Fig. 3: Changes in (a) soluble reactive phosphorous (SRP)
and total phosphorus (TP) and (b) dissolved
morganic nitrogen (DIN) concentrations of Lake
Choghakhor, May 2003-April 2004

The annual mean DIN concentration, which 1s the sum
of the mitrite, mtrate and ammonium concentrations, was
670 pg L' (Fig. 3b). Of the two forms of inorganic
nitrogen analyzed, NO+NO,-N was dominant, with an
annual mean of 508 ug I.7" and the concentrations peaked
in spring (Fig. 3b). The NH,-N concentrations were
low (annual mean: 160 pg 17" during (throughout) the
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Table 2: Density of large bodied zooplankton (ind I.=1) in Lake Choghakhor, May 2003-April 2004

Year

2003 2004

Month
Species M J J A S o] D J M A MeantSD
Cladocera
Daphnia longespina 2.7 32 1.1 - - - - - 3.2 7.0 1.7
Chydorus sphaericis 1.6 1.4 1.9 1.0 22 6.2 6.6 0.5 1.0 3.0 2.5
Bosmina longirosris 0.7 0.7 0.9 - 0.4 - - - 0.6 - 0.4
Copepoda
Cyciops sp. 1.0 1.0 2.5 1.3 2.6 7.1 6.8 1.1 1.7 21 2.7
sampling period except December and January 2003 According to nutrients and Chlorophyll a
(maximum: 560 pg L"), which coincided with retting of the concentrations measured during this study, Lake

submerged plants (Fig. 3b).

Large-bodied filtering zooplankton: InT.ake Choghakhor,
the densities of Cladoceran zooplankters were low and the
following genera were recorded: Daphnia longespina,
Bosmina longirostris and Chydorus sphaericus. The
density of D. longespina were very low during the study
period and a small increase was recorded in spring 2003
(7 ind L.™") (Table 2). The density of Chydorus was also
low, but it was observed throughout the sampling period,
with an increase in summer and autumn (6.6 ind L™ in
December 2003). The density of Boswina was
insignificant being lower than 1 ind L™ during the
sampling period. The Calanoid Copepod Cyclops sp. was
the dominant copepod in Lake Choghakhor. However,
the density of Cyclops was alse low (2.7 ind L")
throughout the sampling period, with an increase in
autumn (7.1 ind L™ in October, 2003).

DISCUSSION

Nutrient availability, particularly of phosphorous
(Schindler, 1978) determines potential phytoplankton
biomass, while the grazing rate of zooplankton determines
how much of this potential realized (Schriver et al., 1995).
At low nutrient levels (<30 pg TP 1.7") phytoplankton
becomes nutrient limited, which leads to clear water and
dominance of macrophytes. In this situation 1f P/N=>10,
a decline in macrophyte species diversity and dominance
of nutrient tolerant species occurs and subsequently the
most abundant species will be tolerant and canopy
forming species like Myriophyllum spicatum and
Potamogeton pectinatus (Korner, 2002). At high nutrient
levels, (>100 pg TP L™") phytoplankton dominance will
lead to insufficient light for submerged macrophytes
and a stable turbid state. At intermediate nutrient levels
(50-100 pg TP L™, however, either macrophytes or
phytoplankton can dominate and shifts between the
two states are possible (Scheffer et al, 1993; Korner,
2002; Bachman et ai., 2002).
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Choghakhor is classified as oligo-mesotrophic lake
(Vollenweider and Kereks, 1982; OECD, 1982). The ratio of
DIN/SRP (where DIN = NO,~ + NH,", NO,” was found
negligible) reflects the limiting factor, controlling the
primary production (Reynolds, 1984). In our case, this
ratio was greater than Redfield ratio of 16, suggesting a
phosphorous limitation (the ratio ranged between 50-500
with a mean value of 227).

Although there was not sufficient information about
the trophic status of the lake Choghakhor, the results of
this study revealed that this lake with low TP (annual
mean: 24 pg 17" and Chlorophyll a concentrations
{anmual mean: 3 pg .7, very high Secchi depth (found to
be the bottom) and submerged plants (Myriophyllum
spicatum) covering almost the entire lake is in a pristine
condition, macrophyte dominated clear water state.

Myriophyllum spicatum 1s a hghly competitive
freshwater macrophyte that produces and releases
algicidal and cyanobactericidal polyphenols but existence
of allelopathy has been a subject of ongoing debate, since
its significance under field conditions is still too poorly
evidenced (Gross, 2003). Therefore in Lake Choghakhor
luxury nutrient uptake by submerged plants as well as
associated epiphytes may impose nutrient limitation on
phytoplankton (Wetzel, 2001).

The increased grazing by pelagic zooplankton hiding
in macrophytes during daytime (Sendergaard and Moss,
1998), as well as the grazing by macrophyte-associated
zooplankton species (Lauridsen and Buenk, 1996), has
been often considered among the most important factors
controlling phytoplankton biomass in macrophyte
dominated lakes (Schriver et al., 1995; Jeppesen et al.,
1998). In Lake Choghakhor density of large bodied grazer
Daphnia longespina (2 ind L™") was low throughout
summer. In this lake, carp and tench were found to spawn
from May to August and their diet largely inwolved
Cladocera, especially Daphnia (Sendergaard et af., 1990).
The entire coverage of observed submerged plants and
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high densities of juvenile fish schooling in the lake
(personal observation) throughout the summer might
have led to the very low densities of the large grazers.
Plant-associated cladocerans, less vulnerable to fish
predation than pelagic species, can have high grazing
unpact on phytoplankton (Jeppesen et al., 1998, Balaya
and Moss, 2004). Chydorids scrape on epiphytic algae
and are considered less effective (L.ovgren and Persson,
2002). In Lake Choghakhor Chydorus sphaericus as a
plant associated grazer was observed in all samples,
especially when the density of Daphrmia was minimum.
The biomasses of Chydorus sphaericus increased with
macrophytes and were likely even higher than observed,
since water sampling underestimated the numbers of plant
assoclated species (Vakkailainen and Kairesalo, 2005).

Submerged plants are thought to negatively affect
phytoplankton crops in the temperate zone by a number
of mechamsms, including nutrient and light limitation.
Macrophytes may reduce turbidity by both sequestering
algal growth-limiting nutnients and by restricting turbulent
resuspension of bottom deposits (Hamilton and Mitchel,
1996). Lake Choghakhor is a large shallow lake with open
wind induced resuspension and strong winds in late
autumn, winter and spring. In the absence of submerged
plants, powerful upward flux of nutrients in the lake,
caused mainly by resuspension, could enhance
phytoplankton growth in March and April 2003-2004
(5.8 uChl. aL™),

In Lake Choghakhor the growth and dominancy of
macrophytes has been increasing for the last 10 years, so
resulting more or less into the coverage of the whole lake
nowadays. Recent climate trends with periodic (droughts
and) lowering of water tables (especially in summer) may
foster shallow water favoring submerged plants. Studies
have suggested that macrophytes will become established
within a few months, even for short time, 1f propagules are
readily available (Perrow et al., 1997). Another factor that
might have been significant in the expansion of the
submerged macrophytes 1s the lack of grass carp (0.3%),
which 1s the case with this lake after the release of this

species, was stopped.
REFERENCES

Anmnual Statistic of the Country, 2003, Statistical Center of
Tran.

APHA, 1992, Standard Methods for the Examination of
Water and Waste-Water. 18th Edn. Washington
Bachman, RW. CA. Horsbuwg, MV. Hoyer,
L.K. Mataraza and D.E. Canfield, 2002. Relations
between trophic state indicators and plant biomass in

Florida lakes. Hydrobiologia, 470: 219-234.

581

Bagheri, S., 1997. Macrobenthose and macrophytes of
Lake Choghakhor. B.Sc. Thesis, Isphahan University,
Iran.

Balaya, D.J. and B. Moss, 2004. Relative importance of
grazing and open-water microcrustacea (Cladocera).
Arch. Hydrobiol., 161: 199-224.

Carpenter, SR., E. Van Donk and R.G. Wetzel, 1998.
Nutrient Loading Gradient in Shallow Lakes.
In: The Structuring Role of Submerged
Macrophytes in Lakes, Jeppesen, E., M. Sendergaard
and K. Chrstoffersen (Eds.). Springer-Verlag,

pp: 393-396.
Cottenie, K., N. Nuytten, E. Michels and L. De Meester,
2001. Zooplankton commumty structure and

environmental conditions in a set of mter-commected
ponds. Hydrobiologia, 442: 339-350.

Gross, EM., 2003, Allelopathy of aquatic autotrophs.
Crit. Rev. Plant Sci., 22: 313-339.

Hamaltor, D.P. and S.F. Mitchel, 1996. An empirical model
for sediment resuspension in shallow lakes.
Hydrobiologia, 317: 209-220.

Teppesen, E., J.P. Jensen, M. Sondergaard T. Lawridsen,
L.J. Pedersen and L. Jensen, 1997. Top-down Control
in freshwater lakes: The role of nutrient state,
submerged macrophytes and water depth.
Hydrobiclogia, 342/343: 151-164.

Jeppesen, E., Ma. Sendergaard, Mo. Sendergaard and
K. Christophersen, 1998. The Structuring Role of
Submerged Macrophytes in Lakes. Springer-Verlag.

Jeppesen, E., J.P. Jensen, M. Sendergaard, T. Lauridsen
and R. Landkildehus, 2000. Trophic structure, species
richness and biediversity m Damsh lakes: Changes
along a phosphorus gradient. Fresh. Ecol., 4: 201-218.

Korner, S., 2002. Loss of submerged macrophytes in
shallow lakes in North-Eastern  Germany.
Hydrobiologia, 87: 375-384.

Lauridsen, T.L. and 1. Buenk, 1996. Diel changes in the
horizontal distribution of zooplankton in the littoral
zone of two shallow eutrophic lakes. Arch.
Hydrobiol,, 137 (2): 161-176.

Lovgren, J. and L. Persson, 2002. Fish-mediated indirect
effects 1n a littoral food web. Oikos, 96: 150-156.

Moss, B., 3. McGowman and I. Carvalho, 1994.
Determination of phytoplankton crops by top-down
and bottom up mechamsms in a group of English
lakes. The West Midland meres. Limnol. Oceanogr.,
39:1020-1029.

Moss, B., R. Komijow and G.J. Measey, 1998. The
effects of nymphaeid (Nuphar lutea) density and
predation by perch (Perca fluviatilis) on the
zooplankton commumties in a shallow lake. Fresh.
Biol., 39: 689-697.



Pak. J. Biol. Sci., 11 (4): 577-382, 2008

OECD, 1982, Eutrophication of Waters. Monitoring,
Assessment and Control, OECD, Paris.

Perrow, MR, M.L. Meijer, P. Dawidowicz and H. Coops,
1997. Biomanipulation in shallow lakes: State of the
art. Hydrobiologia, 342/343: 355-356.

Reynolds, C.S., 1984, Phytoplankton periodicity-
mnteractions of form, finction and envirenmental
variability. Freshwater Biol., 14: 111-142.

Scheffer, M., H.S. Hosper, M.L. Meyer, B. Moss and
E. Jeppesen, 1993. Alternative equilibria in shallow
lakes. Tree, 8: 275-279.

Scheffer, M., 1997. Ecology of Shallow Lakes. Chapman
and Hall, London.

Schefter, M., D. Straile, E.H. VanNes andH. Hosper, 2001.
Climatic warming causes regime shifts in lake food
webs. Limnol. Oceanogr., 46: 1780-1783.

Schindler, D.W., 1978. Factor regulating phytoplankton
production and standing crop in the world’s
freshwaters. Limnol. Oceanogr., 23:478-486.

Schriver, P., J. Begestrand, E. Jeppesen and
Ma. Sendergaard, 1995 Impact of submerged
macrophytes on fish-zooplankton-phytoplankton
interaction: Large-scale enclosure experiments mn a
shallow eutrophic lake. Fresh. Biol., 33: 255-270.

Smith, D.G., 2001. Pennak’s Freshwater Invertebrates of
the United States: Rotifera to Crustacea. JTohn Wiley
and Sons, Inc.

Sendergaard, M., E. Teppesen, E. Mortensen,
E. Dall, P. Kristiansen and O. Sortkjaer, 1990.
Phytoplankton  biomass
planktivorous  fish reductton m
eutrophic lake, A combmed effect of
internal P-loading  and increased zooplankton
grazing. Hydrobiologia, 200/102: 229-240.

reduction after
a shallow,

reduced

582

Sendergaard, M. and B. Moss, 1998. Impact of Submerged
Macrophytes on Phytoplankton in Shallow
Freshwater Lakes. In: The Struchuring Role of
Submerged Macrophytes in TLakes, Jeppesen, E.,
Ma.  Sendergaard, Mo.  Sendergaard and
K. Christoffersen (Eds.). Springer-Verlag.

Tatray, 1., K. Matias, J. Korponai, G. Paulovits, P. Pomogyi
and F. Pekar, 2003. Management of fish commumties
and its impacts on the lower trophic levels in shallow
ecosystems m Hungary. Hydrobiologia, 506: 489-496.

Vakkailainen, K. and T. Kawresalo, 2005. Zooplankton
community responses to the rehabilitation of the
eutrophic Lake Vesyarvi, Finland: Changes in the
cladoceran body size in 1999-2003, Verh. Int. Verein.
Limnol., 29: 488-490.

Vollenweider, R.A. and T. Kereks, 1982. Eutrophication of

Waters, Monitoring, Assessment and Control.
OECD, Paris.
Wetzel, R.G., 2001. Linnology: Lake and River

Ecosystems. 3rd Edn. Academic Press, San Diego.
Zimmer, K.D., M.A. Hanson and M. G. Butler, 2001. Effects

of fathead mimnow colonmization and removal on a

pririe wetland ecosystem. Ecosystems, 4: 346-357.



	PJBS.pdf
	Page 1


