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ABSTRACT

Water in Diyawanna Lake, Sri Jayawardenapura, Sri Lanka indicated many water
quality degradation due to human activities and interconnected stream discharge.
Diyawanna Lake located in the centre of the administrative capital of Sri Lanka.
Diyawanna Lake is an important water retention area which is to be completely
dredged, de-silted and fully rehabilitated resent past years. In present the lake
environment is become deteriorated by human and natural phenomena. The Lake
catchment surrounding urban areas are influenced by various industrial zones and
homestead. The study was done with the objective of determining the status and trends
in water quality assessment in Diyawanna Lake. The results reveled that for the period
of 2006-2010; the pH values of varied from 5.2 to 7.4. The electrical conductivity
values varied from 0.07 mS/cm to 0.30 mS/cm and from 0.11mS/cm to 0.23 mS/cm
respectively. The turbidity values of Location 1 and Location 2 are varied from 4.15
NTU to 33.50 NTU and from 4.00 NTU to 27.90 NTU respectively. The Dissolved
Oxygen concentrations chnaged ranged from 3.02 mg/l to 6.88 mg/l and 2.17 mg/l to
6.84 mg/1 respectively. The Nitrate (V)-N values of are varied from 0.01 mg/I to 0.70
mg/l and from 0.01 mg/1 to 0.80 mg/1 respectively.

1. INTRODUCTION developmental activities, human beings are

responsible for the severe deterioration of

two-thirds of the Earth is covered by water.
Among many water bodies, lakes are the most
fertile, diversified and productive of all the
ecosystems in the world. A variety of
environmental goods and services are
bestowed upon us by lakes which makes them
vulnerable to human exploitation. The water
quality of receiving water bodies such as rivers
and lakes is critically important because it is
one of the most essential resources for human
existence and settlement. However, the rapid
growth of population and increase of urban
activities significantly influence the water
quality of receiving water bodies [1]. water
quality of urban water bodies are being
changed over the time due to various reasons.
Lakes are subject to various natural processes
taking place in the environment, such as
hydrologic cycle. With enormous

several lakes.

The canal system which is in and around
Colombo-Sri  Jayewardenepura area is
currently in  such an environmentally
deteriorated  condition due to  rapid
development and urbanization of the area. The
quality of water and habitat in most of the
areas are influenced by industrial and public
effluent discharge to the canal system [2]

In the recent past, water of Diyawanna Lake
indicated many water quality problems such as
bloom formation, fish kills etc. The
maintenance of good water quality in
Diyawanna Lake is fundamental to the long
term future of the lake as a multi-user resource.
Good water quality, with low levels of micro
organisms, pesticides and other contaminants,



is vital to maintain the lake's current social and
scenic value. Any future development of
recreation in the lake is likewise dependent on
maintaining good water quality in the lake
now.

However there is no recent scientific water
quality analysis conducted for the inlets of the
lake to determine its’ status and to identify the
potential pollution sources. The lack of such
scientific information is a constraint to develop
proper management criteria to protect the lake
and to maximize its’ uses to the community.
Therefore it has become a needy requirement
to identify level and trends of the deterioration
of the water quality of the lake by analysing
the inlets’ water.

The objective of this research study was to
determine the status and trends in water quality
changes of two inlets of Diyawanna Lake.

2. METHODOLOGY

2.1. Study Area

The study area is confined to two water inlets
to the Diyawanna Lake and surroundings
(Figure 1). In this study, the water samples
collected at two locations namely:

Kimbulawala Madiwela (Location 1) and
Battaramulla South-Pelawatte (Location 2)
were analyzed.
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2.2 Data Collection and Analysis

The monthly water quality data for a period of
five years from 2006-2010 available at Sri
Lanka Land Reclamation and Development
Corporation were used for the study. The water
quality parameters considered for the study are
pH, Turbidity, Electrical Conductivity,
Dissolved Oxygen and Nitrate (V)-N. In
addition,

In addition, rainfall data, land use maps of the
study area and primary data gathered through
field visits were used in the study. Field visits
were made along two identified canals and
around the lake in order to ground verify the
existing land use pattern of the area. In
addition, identification of potential point and
non-point pollution sources of the area, which
will directly or indirectly impact on the water
quality of the canals were done through
transect walks.

The primary and secondary data collected
through field observations and secondary
sources were analyzed using MS Excel and
SPSS packages.
3. RESULTS

According to the results obtained for the period
of 2006-2010; the variation of the selected
water quality parameters of Location 1 and
Location 2 are given in Table 1 and Table 2.

Table 1: Variation of water quality
parameters of Location 2 during the period
01 2006-2010

Figure 1: Study area including two water
inlets to the Diyawanna Lake and
surroundings

The GPS coordinates of Location 1 and
Location 2 are 6°52'43.93"N; 79°55'36.58"E
and 6°53'31.48"N; 79°55'17.08"E
respectively.

Parameter Unit Min | Max
pH - 5.4 7.4
Electrical mS/cm | 0.07 | 0.30
Conductivity

Turbidity NTU | 4.15 | 33.50
Dissolved Oxygen mg/1 3.02 | 6.88
Nitrate (V)-N mg/1 0.01 0.70
Table 2: Variation of water quality

parameters of Location 2 during the period
0f 2006-2010
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Parameter Unit Min Max
pH 5.2 7.2
Electrical mS/cm | 0.11 0.23
Conductivity

Turbidity NTU 4.00 27.90
Dissolved mg/1 2.17 6.84
Oxygen

Nitrate (V)-N mg/l 0.01 0.80

In all the instances, except in 2006 where the
mean pH is 6.7, the mean pH values of both
locations are less than 6.5, which indicate the
water is more acidic.

The average electrical conductivity value of
Location 1 and Location 2 over the five years
varies from 0.14 mS/cm to 0.17 mS/cm and
0.15 mS/cm to 0.18 mS/cm respectively. When
comparing the electrical conductivity variation
of 2 locations over the period of five years, the
highest electrical conductivity is in year 2009
for both locations and the electrical
conductivity of Location 2 is comparatively
higher than the electrical conductivity of
Location 1.

In Location 1, the lowest mean turbidity was
recorded in 2008 (9.01 NTU) and the highest
mean turbidity was recorded in 2007 (14.90
NTU). In Location 2, the highest mean
turbidity was recorded in 2006 (12.21 NTU)
and the lowest mean turbidity was recorded in
2010 (10.18 NTU). Except for the mean
turbidity of 2009, the mean turbidity values of
other four years show a decreasing trend.
Except in few cases, the turbidity values of
both locations are higher than the maximum
permissible limits (max. 2 NTU according to
SLS 614:2013; max. 5 NTU according to
proposed water quality standards for Sri Lanka
by CEA).

The mean Dissolved Oxygen concentration in
the Location 1 over the five years is ranged
from 4.69 mg/I-5.86 mg/l. The Dissolved
Oxygen values over the period indicate an
increasing trend. The mean Dissolved Oxygen
values of Location 2 during the period of 2006-
2010 are varied from 4.15mg/l to 5.29mg/1. In
all five years, mean Dissolved Oxygen values
in Location 1 is higher than the mean
Dissolved Oxygen values in Location 2.
Except in few cases, the Dissolved Oxygen
levels recorded for two locations for the period
of 2006-2010 are higher than 3 mg/l which
indicating acceptable levels during the
sampling occasions according to the proposed
water quality standards for Sri Lanka by CEA

for fish and aquatic life.

The mean levels of Nitrate (V)-N in Location 1
are varied from 0.14 mg/l to 0.27 mg/l where
the lowest mean value is in 2006 and the
highest mean value is in 2010. The mean levels
of Nitrate (V)-N in Location 2 is varied from
0.12 mg/I to 0.27 mg/l whereas the variation of
the mean Nitrate (V)-N value in 2010 is similar
to the mean Nitrate (V)-N recorded in 2010 in
Location 1. In both locations, Nitrate (V)-N
levels are within the standard limits (max. 5
mg/l Nitrate (V)-N is threshold for fish and
aquatic life as indicated in proposed water
quality standards for Sri Lanka by CEA).

4. CONCLUSION

The study revealed that the water quality of
two inlets have deteriorated over the period of
2006-2010. The quality of water in most of the
areas along these two canals are influenced by
both point and non-point sources. It has been
severely affected on well being of the
community live around these canals. Therefore
it is important to conduct further studies on the
current status of water quality of inlets, outlets
and also the Lake and implement effective
policy implications to avoid polluting the
Diyawanna Lake.
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ABSTRACT

Ciliated protozoans are one-celled organisms known as bio-indicators of organic pollution in freshwater ecosystem. The
study intended to determine the presence, distribution and abundance of ciliates in Lake Lanao at the littoral and pelagic
zones of Marantao, Lanao del Sur during summer season of 2016. It also aimed to determine the trophic state of the
waters in sampling stations. Ten (10) morphologically distinct ciliate species belonging to 6 genera, were observed in
littoral zone while 11 species belonging to 7 genera in pelagic zone. In both zones the abundances of ciliates were quite
low except for station 3 in the littoral zone and it was significantly different from rest of the stations in both zones. The said
station was readily accessible for human activities thus probably had higher organic load during sampling which may
account for its higher abundance. Although the average abundance of ciliates in the littoral zone (201.56 cells/m’) was
higher than the pelagic zone (29.19 cells/m®), but the difference was not statistically significant. Interestingly, the ciliate
abundance data when compared to a trophic state classification standard for lakes, the results implied that the water quality
in both zones are still categorized as ultraoligothrophic, that is, the water was still pristine and fit for drinking. Species of
Paramecium, Vorticella, Podophrya, Tetrahymena were commonly distributed in both zones which is reflective of their
cosmopolitan distribution. Oxytricha sp. and Loxodes sp. were observed in littoral zone only while Glaucoma sp.,
Opercularia sp. and Euplotes sp. in pelagic zone only.

1. INTRODUCTION Sur. It also intended to determine the trophic status of the

Ciliated protozoans are one-celled animal-like organisms
characterized by the presence of hair-like structures
called cilia. They play a very significant link in the food
chain as algal grazers and bacterial feeders. Ciliates
gained popularity because they are bio-indicators of
organic pollution [1,2,3] and in monitoring the health of
aquatic ecosystems. They have been utilized as model
organisms for microbial, cell and molecular biology
studies, toxicity bioassays of pollutants, chemosensory
responses, lysosomal studies and others. They have
ubiquitous distribution, high reproductive rate, and they
can easily be cultured in hay infusion.

Little has been known about ciliates in Lake Lanao thus
this study was conducted as part of a big project on
preliminary inventory of ciliated protozoan in Lake
Lanao, situated in Lanao del Sur, Mindanao, Philippines.
Moreover, alarming reports on lake’s deterioration
triggered the conduct of this study as human activities are
prevailing in the lake such as throwing of garbage and
sewage directly into the lake, making lake as receptacle
of human wastes. Since ciliates can be tapped as
bio-indicators of organic pollution, ciliate profile of the
lake such as ciliate inventory, distribution and abundance
is seen as important component of establishing base line
data to monitor the health ecosystem of Lake Lanao. The
study therefore aimed to determine the spatial variation of
ciliates in terms of abundance and distribution between
the littoral and pelagic zones of Lake Lanao bordered by
Barangay Inudaran, Municipality of Marantao, Lanao del

Lake by ciliate abundance. Results of the data can serve
as basis for proper management, conservation, and
sustainability of the lake’s resources.

2. METHOD
Sampling Sites, Sample Collection and Fixation

The study was conducted in the littoral and pelagic water
zones of Lake Lanao bordered by Barangay Inudaran,
municipality of Marantao, Lanao del Sur. Three sampling
stations (Fig 1) with 20-m intervals were established in
each zone. Water temperature, pH level, and turbidity
(improvised secchi disk in pelagic zone only) were also
recorded. Sampling collection was conducted in April
2016, a summer season in the Philippines.
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Fig 1. Map of Lake Lanao (A) showing sampling stations (B)
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Fig 2. The improvised plankton net (left) and sieve (right)

Microscopic Observation and Documentation

Ken-A Vision and an ordinary compound microscope (at
100x and 400x magnifications) were used to observe and
count ciliates. Ciliates from the fixed samples were
identified primarily by the presence of a hair-like
structure called cilia, ciliatures, body size, shape and
nuclei [4]. The counts of each replicate were recorded for
calculation of ciliate abundance as shown below.

Abundance: (cells/m’) = (nxk)/V

Where, n=the number of counts for a particular ciliate
k= the proportion of subsample volume/
total volume sampled
V= mouth area of plankton net x distance
towed diameter = 0.381m

Data Analysis
In determining whether ciliate abundance between
sampling stations and between zones had significant
difference, Analysis of Variance (ANOVA), Duncan‘s
Multiple Range Test (DMRT) and Mann-Whitney U test
were utilized.

3. RESULTS

Ten (10) morphological distinct ciliate species were
identified in the littoral zone distributed across six (6)
genera, namely: Paramecium, Vorticella, Podophrya,
Tetrahymena, Oxytricha, and Loxodes; while 11 species
in pelagic zones, under seven (7) genera, namely,
Glaucoma, Opercularia, Paramecium, Podophrya,
Tetrahymena,  Vorticella and  Euplotes.  Selected
photomicrographs of these ciliates are shown in Figs 3-7.
Species of  Paramecium, Vorticella, — Podophrya,
Tetrahymena were commonly distributed in both zones
which is actually reflective of their cosmopolitan
distribution. Oxytricha sp. and Loxodes sp. were observed
in littoral zone only while Glaucoma sp., Opercularia sp.
and Euplotes sp. in pelagic zone only.

Fig 8 shows the abundance of ciliates in three different
sampling stations from both the littoral and pelagic zones.
In the deeper pelagic zone, no significant difference in
the abundance of ciliates observed in three different
stations by ANOVA; however in the shallower littoral
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zone, the mean abundance of ciliates in station 3 (536.11
cells/m’) was far higher than the rest of the sampling
stations and the difference was highly significant by
ANOVA and DMRT. All stations in littoral zone were
shallow at 1-1.5m depth but the water in station 3 was
relatively turbid compared to other 2 stations. Moreover,
stations 1 and 2 were rarely frequented by people due to
the nearly inaccessible path towards that part of the Lake.
Station 3, on the other hand, was readily accessible and
frequently disturbed by human activities like bathing and
washing clothes. The organic load of the said station
could be higher during the sampling which probably
accounted for higher ciliate counts.

Fig 3. Loxodes sp.

-&Q" o

-

Fig 4. Euplotes sp.

Fig 6. Podophrya sp.

Fig 7. Tetrahymena sp.

The average abundance of ciliates in each zone is
compared in Fig 9. The figure seemingly demonstrates
that ciliate abundance in the littoral zone outweighed the
pelagic zone but interestingly the difference between
zones was not statistically significant when compared
using Mann-Whitney U test. This could probably be due
to the fact that all stations in both zones had similar lower
ciliate counts except for station 3 in the littoral zone; but
the abundance of the said station 3 somehow did not
affect the abundance of the whole zone consequently the
average abundances between zones were not statistically
different when compared.

Although the sampling station 3 in the littoral zone so far



had the highest ciliate abundance but in terms of ciliate
composition, but only 3 genera were observed and it was
dominated by JVorticella species (Fig 10) comprising 92%
of ciliates in the site. This is not surprising though since
Vorticella spp. have been identified as typical indicator of
pollution as early as 1952 from moderately to heavily
polluted [5]. It is possible that this ciliate group indicated
higher organic nurients in that particular station.

The ciliate abundance data can be utilized to determine
the trophic condtion of the lake. Table 1 shows the
trophic classification of the lakes set by Beaver &
Crisman in 1989 [3]. Based on the gathered data on
ciliate abundance, the results implied that both zones of
Marantao lake waters was still under ultraoligotrophic
state, that is, the lake is highly pristine, the waters are of
high-drinking quality, well-oxygenated and low in
nutrients [6] during sampling.

H Pelagic M Littoral

Station3 536.11

Station2 24.85

Station 1 43.71
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Tetrahymena, Vorticella and Euplotes in pelagic zone.
Species of  Paramecium, Vorticella, — Podophrya,
Tetrahymena were observed in both zones reflective of
their cosmopolitan distribution. Oxytricha sp. and
Loxodes sp. were observed in littoral zone only while
Glaucoma sp., Opercularia sp. and Euplotes sp. in
pelagic zone only. Littoral zone had higher ciliate
abundance than pelagic and Vorticella spp. dominated the
ciliates in littoral area possibly indicating higher organic
nutrient present in the shallow waters during sampling.
However, the ciliates abundance in both zones were quite
low against standard, indicating the waters in sites during
sampling were ultraoligotrophic, that is, the waters were
still clean and safe to drink.

Station 3
5% 3%

| 92%

Vorticella spp.

¥ Podophrya sp.

E Tetrahymena sp.

Fig 10. Percentage distribution of ciliates found in station 3,
littoral zone

Table 1. Trophic state classification standard for lakes set by
Beaver and Crisman (1989) utilizing planktonic ciliate
abundance [3]

Fig 8. Mean abundance of ciliates in 3 stations (cells/m®) of
littoral and pelagic zones

300

200

100

H Littoral m Pelagic

Fig 9. Average ciliate abundance (cells/m’) in littoral and
pelagic zones

4. CONCLUSION

Ciliates species under genera Paramecium, Vorticella,
Podophrya, Tetrahymena, Oxytricha, and Loxodes;
Glaucoma, Opercularia, Paramecium, Podophrya,
Tetrahymena, Vorticella, Glaucoma Opercularia sp. and
Euplotes were observed in the Littoral zones while
Glaucoma, Opercularia, Paramecium, Podophrya,

Trophic state Range of observed abundances
(cells/mL)

Ultraoligotrophic 2.4

Oligotrophic 2.3-10.8

Mesotrophic 18.0-70.9

Eutrophic 55.5-145.1

Hypereutrophic 90.0-215.0
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ABSTRACT

To examine factors regulating the summer population dynamics of tintinnid species, temporally high- frequency
observations of tintinnid ciliates were performed in Hiroura Estuary in Sendai Bay. Sampling was conducted on alternate
days from 5 July to 2 August 2010 at three estuary sites to examine which environmental (water temperature, salinity and
tidal level change) and biological (abundances of Chl- a, bacteria, protozoans and zooplankton) factors are important for
determining temporal changes in abundance and apparent population change rates for tintinnid species. During the study
period, 20 tintinnid species were found and showed drastic population changes within a few days, resulting in different
tintinnid assemblages from the first to the second half of the study period. Multivariate analysis and generalized linear
mixed models showed that several environmental and biological factors were related significantly with the abundance and
apparent population change rate of each tintinnid species, but no effect of potential predators such as copepods was found
for the abundance and change rate. These results suggest that physicochemical and food conditions play more important
roles than predation pressure in short-term temporal changes of tintinnid populations during summer in estuary

environments.

1. INTRODUCTION

Estuaries are highly variable ecosystems in which the
water temperature, nutrient concentration, salinity and
water level exhibit short-term fluctuation related to the
tidal cycle and mixing of flows from river water and
offshore marine water. These harsh conditions prevailing
in estuaries produce good habitats for tintinnid ciliates '.

Monthly to weekly observations showed some
physical and biological factors affect the population
dynamics of tintinnid species 3. Although few reports
describe predation effects on tintinnid ciliates population,
the study in offshore waters suggests copepod predation
affects the distribution of tintinnid species *. Therefore, the
population dynamics of tintinnid ciliates might be affected
by copepods as well as several environmental factors.
However, if environmental conditions change in the short-
term or fluctuate along with the tide, the abundance and
species composition of tintinnid ciliates might change
rapidly, since generation times of tintinnids are as short as
a day >°. Moreover, copepods are known to prey less on
ciliates when phytoplankton are abundant ”.

We hypothesized that (1) the population dynamics of
tintinnid ciliates in estuaries are changing drastically in
short intervals because of changes in prevailing physical
and biological conditions, and (2) the predation pressure
on tintinnid populations can be negligible when algal food
for copepods is abundant. We performed frequent
samplings of tintinnid populations along the tidal cycle in
an estuary located on the Pacific Coast of Japan.

2. MATERIALS AND METHODS
This study was conducted at the Hiroura Estuary on the
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coast of Sendai Bay, Japan. Sampling was done at high tide
slack water at three sites every two days from 5 July to 2
August 2010. The seawater level was recorded with a
water level logger (U20; HOBO) placed at Site 2. The tidal
trend was calculated as the difference in maximum
elevation between two successive dates. This variable is
positive during the transition from the neap to spring tides,
and vice versa.

At each site, 30-L of integrated seawater was
collected from the bottom to the surface using a 2.4-L tube
sampler. An aliquot of the water sample was used to
measure water temperature and salinity with a CTD sonde
(556 MPS; YSI Inc.). For bacteria, heterotrophic
nanoflagellates (HNF) and phytoplankton, 100-mL of the
water sample was fixed with glutaraldehyde (1% final
conc.) and stored at 4°C. For tintinnid ciliates, 10-L of the
water sample was sieved using a 20-um mesh net,
concentrated into 100 mL, fixed with Lugol’s solution (5%
final conc.) and stored in the dark. For crustacean
planktons, another 10-L of the water sample was
concentrated to 100-mL using a 100-pm mesh net and
fixed with formalin (5% final conc.). A 1-L of the water
samples were separated into three size classes (<2, 2-10
and >10 pm) by filtration and analyzed Chl-a
concentration in laboratory. Algal biomass was calculated
using C:Chl-a=30 3.

This study examined the population dynamics for
major tintinnid species, which were defined as those found
in at least 15 out of the total 45 samples (15 date X 3 sites).
To examine the putative relations between environmental
variables and the abundance of tintinnid populations,
redundancy analysis (RDA) was done by using the vegan



package ° of the software R 1°.

To examine the effects of environmental variables on
population dynamics of tintinnids, generalised linear
mixed model (GLMM) with Gaussian error was done by
using the R package Ime4 '!. The apparent population
change rate (u day') for major tintinnid species was
estimated as follows;

p=In(N; = Ni_y) x 24/(t; — ;1)

where N; stands for abundance at time i; #; denotes the
elapsed time from the first sampling. Salinity, tidal range,
bacteria, HNF and total copepods were selected as
explanatory variables based on the result of correlation
matrix. Note that the effects of salinity, bacterial
abundance and HNF abundance in this analysis included
water temperature or Chl-a. Similarly, the effects of
copepod abundance included other zooplankton such as
nauplii and cladocerans. All possible models were
generated using R package MuMIn 2, and chose the best
models according to AICc 13.

3. RESULTS
During the study period, tidal range and salinity varied
from 1.4 to 1.8 m, and 3.18 to 31.0, respectively. The mean
algal biomass of each size class were 15, 54, and 15 ug C
L' for <2, 2-20 and >20 um, respectively, among the study
sites. Mean copepods abundance were 1.3-1.5, 0.67-2.1,
and 1.8-2.9 individuals L' for Acartia spp., Paracalanus
spp., and Oithona spp., respectively, at all sites.

In tintinnids, species composition changed drastically
from 15 to 19 July (Fig. 1). For example, Amphorellopsis

170 Site 2 E]
Amphorefiops s acule Tinfinnopsis beroides
180 O
80 :& - Eigtinéinnus sp T. clmetay
. Favella ahrenbengi m T. radix

] otars

N

D Helcosiomealia sp

cells /L
3

Fig. 1. Typical result of temporal changes in abundances
of tintinnid species at Site 2 in Hiroura Estuary.

acuta was not found in the first half of the study period (5—
13 July), but it was the most numerous species in the
second half (15 July—2 August). Eutintinnus sp. and
Helicostomella sp. were abundant in the first half of the
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study period, but were rare in the second half. The total
tintinnids biomass was 0.21-0.43 mg C L-' among the sites.

The relationship between tintinnid abundance and
environmental variables was examined by RDA (Fig. 2).

| "1 l

4= *P<0.05
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5 24
o
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o
-
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g
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v
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Fig. 2. Biplots of redundancy analysis (RDA) for (a)
abundance of tintinnid species (thin black arrows) and
environmental variables (bold grey arrows). The first
two axes explain 32.1% of variation in abundance of
tintinnid species and 76.0% of variation in
environment data. WT, water temperature; Sal,

salinity; Bac, bacteria; Naup, nauplius; Cope,
copepods; Aacu, Amphorellopsis acuta;  Esp,
Eutintinnus sp.; Fehr, Favella ehrenbergii; Hsp,

Helicostomella sp.; Tber, Tintinnopsis beroidea; Tdad,

T. dadayi; Trad, T. radix.
The RDA with forward selection yielded four significant
environmental variables, water temperature, tidal range,
salinity, and nauplii abundance. The GLMM with model
selection procedures revealed that the apparent population
change rates of tintinnid species were related more or less
with tidal trends, and abundances of bacteria and HNF
(Table 1). For no tintinnid species, however, was the
abundance of total copepods incorporated in the best
models.

4. DISCUSSION

Tintinnid ciliates are protozoans with a short generation
time (<25 h 3%). Therefore, we hypothesised that the
species composition and abundance of tintinnids changed
during short-term intervals. Supporting this hypothesis,
the abundance and species composition of tintinnids
changed drastically in a few days in the Hiroura Estuary
(Fig. 1).
environmental conditions change temporally and spatially,
probably because of tidal trends and cycles. These changes
cause drastic changes in the abundance and species
composition of tintinnids (Fig. 2, Table 1). However, both
analyses with RDA for abundance and GLMM for
apparent population change rate showed no sign of

In this estuary, physical and biological
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Table 1. Results of GLMM showing the best models (top 3 or
AAICc<2) for apparent population change rate of tintinnid
species with fixed effects for salinity, tidal trend, bacteria and
copepods, and random effects for sites. Results of Chi-Square
tests against the null model and p-values (*, <0.05; **, <0.01)
are shown. Abbreviations are same as in Fig. 2.

sal tidaltr bac hnf cope k AICc X?> »p

Aacu - + + 6 1325 156 **
- + 5 1333 11.6 **

- + 5 1334 115 **

Esp. + + 5 1230 75 %
+ 4 1233 42 *

+ + + 6 1235 102 *

Feh + - 5 1363 7.5 %
+ 4 1365 4.6 *

+ + 5 1376 63 *

Hsp. + - - 6 128.0 158 **
+ - 5 1287 114 **

- - 5 129.6 105 **

Ther - - + 6 1187 12.6 **
- + 5 119.1 8.7 **

- + 5 1193 8.6 **

Tdad - + + 6 1419 150 **
- + 5 1427 109 **

- + 5 1437 9.9 **

Trad + + 5 1387 132 **
+ + + 6 139.1 158 **

copepod effects on the numerical responses of major
tintinnid populations, although copepods density in
Hiroura estuary could be sufficient to affect the tintinnids
abundance '41°,

Some reports of experimental studies have
described that copepods prey on phytoplankton such as
diatoms and dinoflagellates in preference to ciliates when
the latter are scarce 718, Calbet and Saiz '° demonstrated
that ciliates accounted for 49% of copepod diets in ocean
area with low phytoplankton biomass (<50 mg C L),
while only 22-25% of those in area with high
phytoplankton biomass (50< mg C L"). In Hiroura estuary,
the phytoplankton biomass was 55-99 mg C L-!. Also, it
was much greater than the total tintinnids biomass (~0.43
mg C L). Consequently, because of the low biomass,
tintinnids might not be affected negatively by copepod
predation in this study. The vulnerability of tintinnid
species to copepod predation might therefore depend on
their abundance relative to those of other potential food
organisms such as diatoms.

5. CONCLUSION

The abundance and species composition of tintinnids in
Hiroura Estuary varied temporally and changed rapidly
within a few days in relation with short term variations of
environmental and biological factors and temporally
ephemeral factors such as HNF and bacterial abundance.
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The results imply that frequent samplings are essential to
population dynamics
estuaries. Although

potentially food for copepods, tintinnid abundance and

understand  the of tintinnid

populations in tintinnids  are

species composition were unaffected by copepods,
especially under high phytoplankton biomass.
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ABSTRACT

It is important to investigate protozoa and metazoan which can prey on toxic cyanobacteria, because the predation
microorganisms affect the population of toxic cyanobacteria involving worldwide problems. Moreover we can apply such
microorganisms to control or remove toxic cyanobacteria. Therefore, we developed a method without monoculture to
determine the 18S rRNA gene sequences for establishing local database in molecular ecological studies. The experimental
procedure using a micro glass capillary for uncultured protozoa and metazoan are shown as follows. Each swimming
individual was captured by a glass capillary with the tip diameter of around 100micron meter under an inverted microscope.
Then it was transferred into a drop of autoclaved water to wash the individual. This washing step was repeated 5 times at
least. Then it was transferred into a PCR tube, and 70% EtOH of 100micro L was put in the tube to fix the individual. After
drying completely, PCR mixture of 40 micro L (Tks-GFlex, Takara bio inc., Japan) was added to the tube. A universal
primer set for metazoan Metaz 2-F and Metaz 5-R [ (Machida, R., J. and Knowlton, N. PLOS ONE, Vol 7(9), e46180,
2012) was used for the PCR. Because DNA template concentration from one individual was very low, the optimal condition
for the PCR had to be found to obtain the enough quantity of amplicons for DNA sequence. As a result, DNA sequences

of several rotifer species were determined.

1. INTRODUCTION

Free-living Metazoan and Protozoa are ubiquitous in
natural freshwater environments, but also proliferate in
engineered water systems, including water treatment
systems. These Protozoa have an important role in
maintaining a good balance in biological ecosystems.
Many Metazoan and Protozoan inhabits in the biological
water treatment system. But almost species are uncultured
microorganisms can prey toxic cyanobacteria Microcystis
sp. . However, information about the presence and identity
of Metazoan and Protozoa can prey the toxic cyanobacteria
in water supplies in relation to the quality of treated water
is scarce, which may be attributed to the limitations of
microscopic techniques and cultivation methods for
detection and identification of these organisms, e.g., low
detection limits and selectivity for specific groups. Thus,
it is important to study such Metazoan and Protozoan using
molecular ecological methods without monoculture
method. To analyze the 18S rRNA gene, commonly used
for phylogenetic inference of eukaryotes due to its highly
conserved sequence and ability to resolve relatively deep
nodes. This is the first description of the general utility of
environmental DNA sequencing approaches for identified
character and population dynamic of Protozoa and
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Metazoan species.

2. METHOD

The several species of Microcystis sp. were collected fish
pond water of Maejo University in the 50 ml tube, after
that collect Microcytis bloom again from the surface of 50
ml tube to a 50 ml tube, we mix all Microcystis samples
from several fish pond into a flask and a culture
Microcystis cell in the glass tank in the filtrated influent
fish pond water by GFF 55 mm. we collect Microcytis
bloom again from the surface of the glass tank, treat the
microcystis sample by using Ultrasonicator to separate the
single cell or small colony from each colony. Adjust the
Chl-a 200 ug/L dilutes by filtrated influent water. Protozoa
and Metazoa were isolated from fish pond area and biofloc
system (Chiang Mai Province, Thailand) and from a
natural pond (Nagasaki, Japan). The isolation of Protozoa
and Metazoa species was achieved using a handmade glass
capillary (with 100um tips) under the inverted microscope
with x100 ~ x400 magnifications. Furthermore, the
isolated Protozoa and Metazoa were transferred to 24-well
micro-plates containing the filtrated water fish pond and
MI1 medium was sterile, containing Microcystis cell
under dark condition and observation them can prey
Microcystis cell or not. If can prey, we collect one cell to



the washing step and put into PCR tube. To analysis 18Sr
RNA gene of the isolated Protozoa and Metazoa using the
new molecular ecological method, one individual direct
PCR without the culture will be developed for the
identification of uncultured Protozoa and Metazoa. Then
us using the Real time PCR to get the cDNA, next step we
get the PCR product to do molecular cloning method for

18S rRNA will be applied to obtain the DNA sequence data.

Finally, I will add each sequence in the database.
3. RESULTS AND DISCUSSION

Result of Protozoa and Metazoa species can prey
mixculture Microcystis sp. were isolated 5 species from
fish pond in Thailand and 3 species from natural pond in
Shimabara city Nagasaki Japan. The Protozoan species
were isolated include lorticella sp., Paramecium sp.,
Coleps hirtus., Euglena sp. The metazoan species were
isolate include Brachionus sp., Colurella uncinata
bicuspidate., Filinia longiseta., Philodina sp., Lepadella

sp., Monostyla sp., as rotifer, and Aeolosomes sp., was
isolated as the other metazoa. The PCR purified product
by the gel electrophoresis. Then cut gel and purified gel
electrophoresis product. The results of 18s rRNA
sequences with the previously isolated rotifer are searched
by BLAST.

17th World Lake Conference, Lake Kasumigaura, Ibaraki, Japan, 2018

Figure 1 Show Vorticella sp., Stylonychia sp. and Philodina
sp. can prey Microcystis sp. were isolated from fish pond,
Chiang Mai, Thailand

4. CONCLUSION

1. Protozoa and Metazoan species in such observed
microorganisms possibly can remove the cyanobacteria
cells by the predation and the decomposition.

2. Success to develop an isolation method using micro
capillary for uncultured Metazoa and Protozoa from the
biological water treatment system, reservoirs, fish ponds
etc.

3. Compare efficiency the conventional method and the
new method we develop to collect the Protozoa and
Metazoa without the monoculture method is having a good
efficiency.
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Abstract
In order to get insight into the impact of Three Gorges Dam operation on diatom structure and its
function on silicon cycle due to diatom assimilation in the reservoir, the Xiangxi River was chosen
as the delegate of the tributary in the Three Gorges Reservoir to screen the effects of diatom. Our
results indicated that diatom composition and their relationship with silicon concentration were
different between lacustrine site and riverine site, which represents the diatom growth with and
without direct dam effects, respectively. Diatom cell density in the lacustrine zone was significantly
higher than the riverine zone. Centric diatom (Melosira and Cyclotella) were the dominant genus in
the lacustrine zone during the whole study period. However, there was an increasing proportion of
pennate diatom in the riverine zone during the flood period. DSi has a significantly negative
relationship with diatom cell density in the lacustrine site while no correlation was found in the
riverine site. BSi has a significant linear relationship with diatom cell density. BSi transformation
efficient is higher while the standing BSi is lower in the riverine zone than the lacustrine zone. The
results imply that TGD decrease the flow velocity dramatically, contributing to a stable diatom
composition, causing longer diatom growth period and progressive silicon depletion, enhancing

silicon retention in the long term in the reservoir.

Introduction

In this study, Xiangxi River was selected as a
delegate of the tributary in the TGR, silicon and
diatom in Xiangxi River were screened in two
distinct zones: the riverine zone and lacustrine
zone. It is assumed that different hydrodynamic
conditions in these zones may affect diatom
community, consequently changed the silicon
Sites and samples

<. N |
C spThees-Garges Dam
> e

ey v S

Figure I  Sketch map of sampling stations in the
Xiangxi River

Statistical analysis:Origin 9.1 and SPSS 19.0

dynamics. To verify this hypothesis, monthly
investigation was conducted including diatom
density, silicon concentration and
environmental parameters. This study will help
us better understand how silicon changes with
diatom growth in the TGR.

Methods

package. CANOCO version 4.5.
Results

Figure 2 Monthly DSi and BSi variation from
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Figure 7 Relationships between diatom cell density and

BSi in the lacustrine zone(A) and riverine zone(B)
Discussion

Our results showed that diatom cell density has
a negative relationship with flow velocity in
both riverine zone and lacustrine zone (table 1).
In general, negative coefficient between diatom
cell density and flow velocity was higher in the
riverine zone than the lacustrine zone (table 1),
indicating a stronger influence of flow velocity
compared with lacustrine zone. the lacustrine
zone. So diatom growth is more likely to be
influenced by hydrodynamics’’. It was found
that diatom growth period in the lacustrine zone
is longer than the riverine zone. Three peaks of
diatom cell density were observed in the
lacustrine zone. Besides spring and autumn,
summer during June and August is also a
favorable time for diatom growth. While in the
riverine zone, there was a low diatom cell
density in summer (Figure 3).

Diatom community structure is different in
these two zones. Although centric diatom is the
dominant species in both zones during the dry
season (Figure 4). RDA analysis showed that
centric diatom has a significant negative
correlation with flow velocity while pennate
diatom has a positive relationship with flow
velocity (Figure 5). These studies demonstrated
that pennate diatoms have its physiological and
morphological advantage over centric diatoms
in a turbulent environment.

Diatom was the main contributor to the
BSi because a significant correlation was found
between diatom cell density and BSi in the
zone(r=0.672) and  riverine
zone(r=0.878) (Table 1). This indicated that
BSi originated from watershed terrestrial

lacustrine

phytolith makes little difference to the BSi pool
in the Xiangxi Rivr, which is different from
some other studies. It’s noticed that high
diatom cell density in the lacustrine zone didn’t
account for higher BSi concentration in spring
(from March to May) compared with the
riverine zone. Cell density in the lacustrine

17th World Lake Conference, Lake Kasumigaura, Ibaraki, Japan, 2018
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zone is significantly higher than the
riverine zone, but BSi concentration in the
lacustrine zone was lower than the fluvial zone.
Linear regression model showed that cell
density was positively related with BSi
significantly at both zones. And diatom cell
density has the same explanation coefficients
for the BSi variation. But the slope in the
riverine zone in significantly higher than the
lacustrine zone (Figure7). It was estimated that
BSi increased by 3.24pumol/L when diatom cell
density increased by an order of magnitude in
the lacustrine zone. However, it can be implied
that BSi will increase by 5.25umol/L when
diatom cell density expands an korder of
magnitude from the linear regression model.
Moreover, a higher correlation coefficients
between diatom cell density and BSi, Chla in
the riverine zone indicated diatom contributes
more to the biomass of the phytoplankton than
the lacustrine zone (Table 1).
that DSi was
negatively correlated with the diatom cell

The results showed
density in the lacustrine zone (Table 1). Despite
that the regression model coefficients was low,
the correlation was significant. The model
indicated that diatom assimilation is the
primary reason for DSi decline in the lacustrine
zone (Figure6A). It can be speculated that
when cell density increase by an order of
the DSi
by 6.45umol/L. However, no

magnitude concentration will
decrease
correlation was found between DSi and diatom
cell density in the fluvial zone(Figure 6B). It is
suggested that diatom would dominate the
phytoplankton community irrespective of
season when DSi concentration exceeded the

threshold of 2umol/L.” This value is below the

actual DSi concentration in the lacustrine zone
and riverine zone even in the diatom growth
period when DSi was assimilated intensively
(Figure 2A). Moreover, during winter when
diatom cell density is low at both zones, DSi
concentration was relatively high without
significant difference between these two zones.
If diatom
consideration together, the diatom cell density
had little correlation with DSi (Figure 5.) It can
be concluded that DSi concentration alone

in two zones is taken into

cannot be a limiting factor regulating the
diatom community composition. It is more
likely that flow condition was a main factor
affecting diatom succession in the two zones.
Conclusion

This study verified that dam construction
transform part of the river into lacustrine zone.
Low flow velocity and stable environmental
conditions contributed to an increase of diatom
cell density. A stable diatom composition was
observed in the lacustrine zone, which was
dominated by centric diatom comprising
Lotic
proportion in this zone was below 10% during

Melosira and Cyclotella. diatom
the study period. Longer diatom growth period
compared with the riverine zone was shown
because longer residence time foster diatom
growth even in summer. Diatom was strongly
coupled with DSi assimilation in the lacustrine
zone. Although centric diatom contributed less
BSi at the same cell density compared with
pennate diatom, their high cell density and
longer growth period would contribute a great
amount of BSi in the reservoir. And
consequently cause a mass silicon trap in the

reservoir in the long term.

Table 1. Spearman correlation between cell density and environmental parameters in the lacustrine zone (L-CD)

and riverine zone(R-CD).

DSi BSi Chla pH WT DO COD Cond Flowvelocity
L-CD | -0.513** | 0.639%* 0.722%%* 0.625%* 0.164 0.506%* 0.522% -0.024 -0.549%*
R-CD 0.017 0.830%* 0.755%%* 0.258 -0.071 0.265 0.415% 0.497* -0.745%*

*Correlation was significant at 0.05 level **Correlation was significant at 0.01 level
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ABSTRACT

Lake Lanao, one of the world’s ancient lakes, is scarcely studied. This review focuses on the lake’s
hydrodynamics and planktonic system since it was first investigated in the 1960s to arrive at objective
insights for an ecosystem-based management of the Lake Lanao Watershed. Sustaining the lake water is
the intact forest and unstudied major rivers of the watershed. Having an atelomictic epilimnion, the warm
monomictic Lake Lanao is spatio-temporally heterogeneous as seen in its dynamic hydro-meteorology
and relatively diverse planktonic communities. Water quality analysis in the past indicated high sensitivity
to dissolved nutrients suggesting a pelagic ecosystem that is bottom-up or resource controlled, but recent
analysis indicates a eutrophic, coliform-contaminated, and invasive zooplankton species-dominated state
with anthropogenic input as the possible main driver. Hence, the flux of dissolved nutrients should be a
top priority of an ecosystem-based management effort that is participatory, multisectoral,
multidisciplinary and science-based co-management approach. Also part of the framework is the looming
climate change, which may undoubtedly lead to loss of biodiversity services of Lake Lanao.

1. INTRODUCTION triangular-shaped lake has a mean depth of 60.3 m™*!, a
surface area of 356 km”, a pondage volume of 21.25 km”,
a discharge volume of 3.304 million km’ annually, and a
water level at 701.89 masl™®!. 60% of steep surrounding
areas are susceptible to erosion™. In the past, 1% level

of light intensity varied from 11 to 25m with Secchi disk
21,51,

A major freshwater volcanic lake, Lake Lanao is the
largest freshwater body in Mindanao Island!. Its
watershed provides socioeconomic services that include
food, goods, 727.1 megawatts of electricity, freshwater
supply, and home to the Meranaos or people of the lake!).
Lake Lanao is one of the 17 world’s ancient lakes?"?", reading of 6 m'
but studies are few with some published in 19691,
1970sPHEk THELOLIOLIIZLIBLIALIS - go110wed by others Hydrology, Thermal Stratification and Circulation

{OMITHISIPONLEN. BAEALY The aims of this  The 1,323.8 Km® watershed is still dominated by forests

%), but recent massive phytoplankton

blooms decreased mean Secchi depth to 2.6 mt*'l.

years later!

review are to describe the pelagic ecology of Lake Lanao (60%) and farmlands (40%)™. Four major inflowing
and discuss implications to a sustainable lake watershed. river systems are located at the eastern portion’ and water
2. METHOD exits at the Agus River”!. Maximum rain period occurs

from June to September, and a dry period in March to
April®!. The average annual rainfall ranges from 1,329
to 5,235 mm'?. The Lake overturns from December to

This review focuses on literature that deals with the
hydrodynamics and planktonic ecology of Lake Lanao

including other relevant studies on tropical lakes and ) ) . .
early March, but stratification is re-established by late

March. The mean air temperature is 23.0°C but February
is the coldest (17.8°C), while May the warmest

ResearchGate), libraries, and high quality unpublished (24.5°C-28 0°C). The mean relative humidity ranges from

0/ _ Qo [2]
literature. Information was synthesized according to 82%- 89%.
major themes on lake pelagic ecology. Lake Lanao is a warm monomictic lake with the water

climate change. The search for literature was conducted
using online sources (e.g., Science Direct, Springer,
Elsevier, Journal Storage, Wiley Online, Mendeley,

: 0 . 23]
3. RESULTS AND DISCUSSION column isothermal at 24.4°C during overturn*”. The

March stratification begins with the top 30 m warming up
Geophysical Features

rapidly to 26.5°C, and a sharp thermocline forms at 21-23
The lake (Figure 1) was formed about 3.6-5.5 Niya asa m that persists through April to December™. However,
result of a lava dam and tectonic movements”®”. The atelomixis creates secondary and tertiary thermoclines
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within the epilimnion"’, namely the breeze thermocline at

520 m, broken down by light winds; the squall
thermocline at 20-30m deep is broken by moderate winds,
and the deepest storm thermocline broken by strong
storm winds".

Chemical Profile

The oscillation of the mixed layer at the metalimnion can
resupply incremental nutrients to the epilimnion, but
major resupply is during the annual mixing™%
Overturn homogenizes different strata, while atelomixis
homogenizes the epilimnion without disturbing the
hypolimnion®™. The 24°C temperature of the hypolimnion
means high microbial nutrient regeneration rates, at a cost
of oxygen at 2.6-4.3 mgC m” hr''"*! but the lake can
sustain dissolved oxygen in deep waters**). Mean oxygen
content of water column rises from its low overturn level
of 4.3 ppm to a maximum stratified level of 6.4 ppm’.
Past levels of nitrates averaged 9 ugl” in the euphotic
zone, while average phosphates was 29 ugl" PO,-P?
with nitrogen as a limiting nutrient for autotrophs!*.
Silicate averages 2.2 mgl”' which is non-limiting to
diatom growth!"*!. The pH at 10 m ranged from 8.2-8.9
then pH gradually declined to 7.2 at 45 m"*/,

Planktonic Diversity

Recent bacterial analysis indicated positive for fecal

coliform™!!

coliform per 100 ml of water™. A lone study on protists
reported high density of 1,900 flagellate individuals ml™,

which can help regulate bacterial abundance”".

as against national standards of zero total

70 phytoplankton species that can show succession were
recorded!MEHIOHIZLI3 byt 70 §s Jower than in temperate
lakes but comparable with other tropical lakes!"'). 13
species accounted for 90% of the annual mean biomass as
chlorophyll a values of 6.9+0.6 mg 1" placing the lake in
a mesotrophic status!"'), but its 6 m transparency makes it

oligotrophict®".

. . 13
circulation! ], but recent blooms occur even before

circulation®] and confirming a eutrophic state, with

Past blooms occurred mainly during

dissolved nutrients registering higher maximum values
(10-40 ugl™" NO;-N; 20-40 ugl”" PO,-P)*Y, compared to
past levels of 9 ug I NO;-N and 29 ug I PO,-P!M.

The diverse zooplankton (25 species of Cladocera, 18
Rotifera and 8 Copepoda) is important to achieving high
fish yields®""™. Recently, the eutrophication indicator
and invasive calanoid copepod species Arctodiaptomus

dorsalis is now abundant in the lake %,

Primary and secondary production

Average respective primary production in the 1960s™* and
1970s!% were 382.33 + 94.11 SD mgC m™ day" and 2.6
gC m™ day’'. Photoinhibition occurred at insolations

17th World Lake Conference, Lake Kasumigaura, Ibaraki, Japan, 2018

ranging from 101 to 133 kerg cm™ sec'®. The annual
variation of primary production is controlled by resource
(e.g., nutrient, sunlight) supply rather than temperature or
biomass removal (grazing and sinking)!'*.

Secondary production via grazing by zooplankton is
controlled by autotrophic phytoplankton biomass”"'¥,
manifesting a bottom-up control”*. Grazing mainly
occurs at the upper layers at night, but it only accounts
6.8% per day loss for autotrophs since the average
replacement rate of autotroph biomass is 80% per day.
The zooplanktivorous Chaoborus keeps prey abundance
in check!™, but the impact of this species needs research
as reduction in dissolved oxygen due to eutrophication
and climate change may favor it with consequential
reduction of zooplankton prey populations and a possible
decline in fish production of up to 90%!"".

Potential Sources of Aquatic Pollution

In 1963, a 5-ha fishpond and hatchery was established
stocking the lake with carp and tilapia fingerlings™”, but
aquaculture is not common in the area at present. The
major agriculture activities are cattle raising'! and
cultivated of cash crops, tree crops, fruit trees, corn and
rice mainly at the eastern alluvial deltaic plain'*'.

4. CONCLUSION

The geology of the lake is understood but the influence of
hydrodynamics and chemistry on productivity is a major
gap. The pelagic ecosystem is bottom-up driven, so that
changes in water quality will have disastrous effects on
the entire lake ecosystem. The lake now is largely
eutrophic, and main drivers are anthropogenic activities..
We recommend priority research and development on
climate change impact, top-down models, lotic subsystem,
proper valuation of the watershed biodiversity, and the
implementation of a multisectoral, participatory, and
science-based co-management system.
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SENSITIVITY LEVEL OF PHYTOPLANKTON TOWARDS
NUTRIENTS AND ZOOPLANKTON IN EBONY LAKE, PIK
RESIDENCE, NORTH JAKARTA

Niken TM Pratiwi', Sigid Hariyadi' and Reza Zulmi'

"Bogor Agricultural University

Keywords: sensitivity level, phytoplankton, zooplankton

ABSTRACT

Lake Ebony in Pantai Indah Kapuk Residence, North Jakarta received input of organic materialwhich lead
a dynamic of nutrients and plankton community. This study aimed to analyze phytoplankton sensitivity
level to water quality and zooplankton the lake. Water and plankton were collected from January to
December 2015. There were 36 genera of phytoplankton from six classes, and seven genera of
zooplankton from Three groups. Cyanophyceae and Chlorophyceae sensitive towards zooplankton; and
Euglenophyceae and Dinophyceae sensitive towards orthophosphate.

1. INTRODUCTION

Ebony Lake is one of ornamental lake at coastal residence
area, Pantai Indah Kapuk, North Jakarta. This small and
shallow waters with about 6 ha wide and 1.2 m depth,
received high content of inorganic and organic materials
from residence drainage. This material input influences
water quality of lake. Furthermore, this change influences
any living there [1, 2, 3, 4].

Plankton, especially phytoplankton, is one of the most
responsive community due to the change water quality [5,
6, 7]. Its composition, densities, and community structure
have functional relationship to water condition, such as
nutrients availability, light intensity, and other water
quality parameters. On the other hand, phytoplankton
community is also correlated to the presence of
zooplankton.

The input of inorganic materials leads increasing of
inorganic nutrients, which means that there is an
increasing of biological available nutrients.
can directly utilized by phytoplankton.
Furthermore, the input of organic materials is directly used
by some spesies of zooplankton.

This type of
nutrients

One year data series of nutrients condition, and the
densities of the two community of plankton are used to
study the relationship among others and the sensitivities
between phytoplankton densities with water quality,
nutrients, and zooplankton densities in Ebony Lake, Pantai
Indah Kapuk (PIK), North Jakarta.

2. METHOD

Sampling was done at Ebony Lake that is located in Pantai
Indah Kapuk (6°6,265°-6°6,594° S dan 106°44,630’-

1072

106°44,885°E), North Jakarta.
set at square ring shaped of waters, the north eastern (St 1),
eastern (St 2), south eastern (St 3), south western (St 4)
that relatively close to the inlet, and north western (St 5)

Five sampling sites were

that relatively close to the outlet.
monthly from January to December 2015.

The identifikacion
identification references [8, 9, 10, 11]. The density of
plankton was counted using Sedgewick Rafter Counting
cell (SRC) at 10x10 magnification.
parameters that measured or analyzed in situ, such as

The sampling was done

of plankton followed some

There were some

depth, water transparency, temperature, pH, salinity,
conductivity, and dissolved oxygen/DO. Some chemical
parameter that were analyzed in laboratory were ammonia
(NH3-N), amonium (NH4-N), total nitrogen, nitrite (NO2-
N), nitrate (NO3-N), orthophosphate (PO4-P) and total
phosphate. All of those analysis methods were based on
APHA 2012[12].

As statistical analysis, Pearson correlation test[13] was
used to analyze relationship between phytoplankton
densities with nutrients and zooplankton. Moreover, the
sensitivity of phytoplankton towards nutrients and
zooplankton were determined by the value of regression
coefficient (Bi) of each specific independent variable.
The sensitivity levels of phytoplankton were derived from

first differential of regression formulations as follows.

Y phyto = Bo. XParan. XPnosn. XPposer.
XB4NZ00

dy/dx ~man = PBo. PrXP Nman. (X203 N-XPposp.
XPNz00)



dy/dx ~osn = Bo. B2XP ! Nosn (XP ntan.XPpos
p.XP\Zo0)

dy/dx posr = Bo. BsXPposp (XP nran XPnos-
N-XPNZoo)

dy/dx  Nzoo Bo. BaXP*Nzoo -(XP NN XPnos-
N-XPpo4p)

Hence, the values of each nutrient and zooplankton level
that could change the Population of phytoplankton were
calculated as follows.

+1

XNHANT {I/Bl_l}
BBy X 25038 X7 poap XP 200
+1
XNO3-NT 078,13
BBy X1 an XP p0ap XPnz00
+1
Xpo4-p= {I/Bl_l}
Bnﬁs'XB' NN X 20088 X xiz00
+1
XNZoo: {I/Bl_l}

B -B4-XBI NuaN X 2 n03 8 X posp
3. RESULTS

There were found 36 genera of phytoplankton and seven
genera of zooplankton in total. = The phytoplankton
The
Cyanophyceae (7  genus),
Bacillariophyceae (12 genus), Chlorophyceae (20 genus),
Euglenophyceae (4 genus), then Dinophyceae and
Cryptophyceae, each with one genera. The zooplankton
were Protozoa (1 genera), Rotifera (3 genus), and

Crustaceae (3 genus).

community comprise six class  groups.

phytoplankton  were
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The most varied of phytoplankton was found in March,
and for zooplankton were in January to April. The least
varied of phytoplankton was found in November, and for
zooplankton were in September to November.

The densities of phytoplankton were ranged from 106x106
to 2981x106 cell/m3; the found in March, with dominance
of Cyanophyceae although in low number of genera. The
zooplankton were ranged from 298 to 1852 ind/m3; that
most dense in January with domination of Rotifers. Water
quality and nutrients (N/P ratio) condition is shown in
Figure 1. The result of correlation test between
phytoplankton and nutrients and zooplankton is shown in
Table 1.

O -]

@ o

N Ratie

e T

1_' L e [ETE T
Figure 1 Water quality (A) and nutrients (N/P ration)
condition (B) in Ebony Lake

Table 1 Correlation and sensitivity between phytoplankton towards nutrient and zooplankton in Ebony Lake

Coefficient of regressoni (B)* and sensitivity () value
Group of Intercept
NH3- | NHs- NO:- R? F value F Sig.
Phytoplankton NOs-N PO4+-P Ro Cr ((iU]
N N N
17.82 5.873%
Cyanophyceae -9.677 -5.464 -3.032 -13.585 | 0.962 14.696 0.003
8 (0.787)
Bacillariophyceae -0.783 -0.917 9.927 | 0.648 3.256 0.086
Chlorophyceae 0.833 1.429%(0.763) 3.745 | 0.854 12.106 0.003
-0.457*
Euglenophyceae -3.411 3.391 | 0.756*(0.715) 7.002 | 0.959 20.093 0.001
(-0.532)
-2.080*
Dinophyceae -1.578 | 0.694 9.307 0.012
(-0.694)
Cryptophyceae 1.595 2.733 2.353 -11.205 | 0.718 2.843 0.106

4. DISCUSSION

Figure 1 and table 1 is shown that some groups of

phytoplankton have a significantly correlated to nutrients

and zooplankton. This was more clear in dry than in wet
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season. The variation of densities and number of genera
fluctuated along with N/P ratio with one month lag periode,
especially in dry season. The positive correlations were

shown between FEuglenophyceae towards nitrate,

Cyanophyceae with Crustacea,
towards Rotifers. The negative correlations were shown
between Euglenophyceae and Dinophyceae towards

and Chlorophyceae

orthophosphate.

Although there was built a relatively good model of the
relationship between Cyanophyceae and most of all
measured nutrients and zooplankton component, the most
influence was shown significantly by Crustacea
component (p<0.05). Furthermore, there will result an
explaination as above. Furthermore, the sensitivity value
of Cyanophyceae towards Crustaceae was 0.787. It
means that one unit change of Crustacea will change 0.787
in proportion of Cyanophyceae. The other values are also

shown the same illustration.

Some interesting things are the existence of
Bacillariophyceae that dominant in the last periode of dry
season and clear sensitivity of least common of
phytoplankton. Usualy, nutrients are the most important
component that role as limiting factors for phytoplankton
Yet, the result showed that the dominance of this group
was led by the increasing of salinity, not by nutrients
condition. This bear a pressumption that nutrients were
not only component that roles as limiting factor for the
growth and development of phytoplankton in Ebony Lake.
It was mentioned that sometimes other water quality
parameter could role as limiting factor for phytoplankton.
The high organic material that dominates the input of
Ebony Lake leads the change of water quality, especially
Those processes and
With spesies
specific charasteristics of phytoplankton, there will appear

oxygen in decomposition process.
two extreme condition is occured naturally.

a dynamic condition of phytoplankton.

5. CONCLUSION

Cyanophyceae and Chlorophyceae sensitive towards
zooplankton; and FEuglenophyceae and Dinophyceae
sensitive towards orthophosphate.
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ABSTRACT

Garden House Ornamental Lake is one of the artificial ponds in Pantai Indah Kapuk, and it has received high input of
organic matter from domestic activities. Input of organic matter may change water quality, increase trophic states, and

effect the ecological conditions of the water. The purpose of this research is to analyze trophic and ecological states of

Garden House Ornamental Lake. Water quality, especially nutrient was measured to support tropical state. The tropical
state of lake was analyzed using Nygaard Index while the ecological state with MedPTI Index (Mediterranean Plankton

Trophic Index).
House Lake are high showed by high concentration.

Concentration of orthophosphate in the lake is more than 0,1 mg/l.
The trophic state of Garden House Lake is eutrophic, shown by

Nutrient parameters at Garden

9,5-10,5 value of Nygaard index and an ecological state is poor until bad, shown by 1,46-1,85 of MedPTI index.
Ornamental lake could be overwhelmed by wastewater treatment to restore lake state.

1. INTRODUCTION

Pantai Indah Kapuk, known as an estate area in Jakarta,
Indonesia, has many ornamental lakes. One of the
ornamental lakes is Garden house. Garden house has
11615 m? wide and less than 1 m depth. The function of
garden house ornamental lake is for flood controlling &
landscape.

The ornamental lake has received domestic waste from
houses. This impact degrades lake because of organic
matter caused by water quality changes ['l, which can be
shown from colour and smell of water. Research in 2017
also showed Garden house ornamental lake has low
dissolved oxygen, high nutrient concentration, and
cyanophyceae domination.

This condition leads to eutrophic condition or even may
have happened eutrophic condition.
trophic and ecological state of this lake is important step
to define lake management, especially for landscaping

Identification of

necessary.

The aim of this research is to describe trophic and
ecological states of Garden House Ornamental lake in
Pantai Indah Kapuk, Jakarta Utara.

2. METHOD

Records of phytoplankton were applied to identify
trophic states; meanwhile plankton and nutrient were
applied to identify ecological status.  Samples of
phytoplankton and water for nutrient were taken from
five stations in ornamental Lake of Garden House (Fig.

1.

e [ 000 1)
e —
RKetorangan:
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B D 10 Gardon Mowsw

e
W on
[

W e Demeer s
) O

TELUK JAKARTA

Fig. 1 Sampling site of phytoplankton in Garden House
Ornamental Lake, Pantai Indah Kapuk, Jakarta

Water (dissolved
orthophosphate, N:P ratio) was measured in-situ &

quality inorganic  nutrient,
ex-situ. The degree of similarity in phytoplankton
abundance between five stations was analyzed using
Canberra Index[?. Trophic state was analyzed using
Nygaard Index (In), which is based on Phyoplankton
species composition. Ecological status was analyzed
using MedPTI index (Mediteranian Plankton Trophic

Index), which involves phytoplankton biomass.

Nygard index formulation was obtained from number
species of phytoplankton of Cyanophyceae (Cyano),
Chlorococcales (Chloro), Diatom centrales,
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Euglenophyceae (Eugleno), Desmidiacea.

N Cyano + N Chloro + N Diatom Centrales + N Eugleno
N Desmidiaseae

In=

MedPTI index was using biovolume of phytoplankton
(Bjx), trophic value (vi), and indicator value (ix). The
trophic value of the k-th taxon (v'k) represents the trophic
preference of that taxon; it is obtained from the annual
mean total phosphorus concentrations (TP) and
biovolume (B) of that taxon in all the n j-th reservoirs of
the calibration data set using the following formula !

%= 1 Bjx xlog (TP})

TE 1
v ZJn: 1 Bk ( )
v=85-35 v o
i Z-1Bix

JRRCTEEY 3
1k 2}1:1Bj,k X Dj,k ( )
Djx = [vi— log (TP)J? "
MedPTl = 2Bk * Vi X

)

Xr=1Bix x ik

Ecological state of aquatic ecology was grouped based on
MeDPTI calculation (Table 1).

Table 1. MedPTI class boundaries
Class limit MedPTI
high — good 2.77 0.89
good — moderate 2.450.79
moderate — poor 2.130.69
poor — bad 1.810.59
3. RESULTS

Ornamental lake has N:P ratio less than 7,2, which means
N is a limiting factor at the lake. Orthophosphate
concentration in Ornamental lake garden house showed
more than 0,1 mg/l. Dissolved inorganic nutrient or DIN
also showed high concentration (Table 2).

Spatially, similarity of phytoplankton abundance was
forming 3 groups in 70% confidence level. Group 1
consist of station 1, 2, and 4, meanwhile group 2 consist
of station 3, and group 3 consist of station 5 (Fig. 2).
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Table 2. Nutrient analysis in Garden House
Ornamnetal Lake PIK Jakarta
Station DIN (mg/L) Ortofosfat Ratio N:P
(mg/L)
1 4,964 1,030 4,82
2 4,642 0,760 6,11
3 4,742 0,560 8,47
4 4,364 0,680 6,42
5 5,964 1,170 5,10
Average 6,18
415
3
E £2.00
_E
W BLD0D
100,00
1 4 F 1 ]
Growup
Fig. 2. Simillarity index of phytoplankton abndance in

Ornamental Lake between stations.

Trophic state of Ornamental Lake Garden Housae was
shown by value of Nygaard index, 9,5-10,5. Three
groups of sites have eutrophic condition (Fig 3).

(1}
¥
§
¥ 7
£, |
] Emmr
i 3
£ 4
3
2 Mesotrof
; Ollgall'o‘f
Group 1 Group 2 Group 3
Fig 3. Trophic state of Ornamental lake Garden House

based on Nygard Index

The value of ecological state of Garden House lake based
on MeDPTI index was 1,46-1,85 (Fig 4).
bad, temporarily group 2 and 3 are poor.

Group 1 is



3 Very Good

MedPTI Index
< = I
[ b
= W o G o=
]
I
)
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I+
=%

Group 1 Group 2 Group 3

Fig 4.
Ornamental Lake PIK Jakarta based on MeDPTI

Ecological state of Garden House

4. DISCUSSION

Trohic state of aquatic ecosystem could develop from
water quality parameters. Nutrient analysis showed low
N:P ratio, which means N as limiting factor and
Bacillariophyceae is predominant group in the lake.
Nonetheless N:P ratio records is not adequate to describe
Orthophosphate
concentration in ornamental lake is high and indicates
High concentration of DIN
indicates eutroph state in Ornamental lake Garden House.

trophic state in aquatic ecosystem.
hyper-eutroph  statel*].
Eutroph state was occurred in Ornamental Lake Garden

Group 1 has the highest value of Nygard index.
The eutroph condition was caused by direction of the

House.

wind and water flow to the north of lake, which is
Station 1 and 2
was located in north of lake, outlet of ornamental lake

moving organic material to north site.

have higher organic material than other stations.
Ecological state also showed bad up to poor boundaries
MedPTI is a sensitive tool,
in the
Nutrient in ornamental lake also showed

class of ornamental lake.
since involve orthophosphate concentration
calculation.
high concentration, which is also determine eutrophic
condition® (Goldman dan Horne 1983).

This condition was caused by nutrient input from houses.
To restore this condition, waste water treatment should be
managed. When water quality is in good quality, thropic

and ecological state may also good.

5. CONCLUSION

Based on Nygard index, trophic state of Garden House
Ornamnetal Lake is Eutroph, which is indicated by
Based on MedPTI
Ecological state of Garden House Ornamnetal Lake is
bad.

nutrient parameters. index,
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Catchment Areas
Susi Abdiyani'

"Land and Vegetation Researcher Group, Watershed Management Technology Center (WMTC)
Keywords: eutrophication, Nitrogen, vegetation, riparian, water catchment areas

ABSTRACT

Eutrophication has worsened water quality in at least 15 priority lakes in Indonesia. Eutrophication
level (oligotrophic, mesotrophic, eutrophic, and hypertrophic) is one of indicators in defining lake health
status. Based on eutrophication level, only two lakes were oligotrophic, while the others were in eutrophic
and hypertrophic conditions. To reduce lake degradation, vegetative rehabilitation in lake water catchment
and riparian areas was proposed. Some studies provided information on vegetation for nutrient removal
from water body. However, very few studies focused on measuring vegetation capability in Nitrogen (N)
removal from soil. This research aims to assess N content of plant species growing in Rawapening riparian
as preliminary information on plant potency for N removal. Plants and soil samples were taken in a
relatively undisturbed riparian area in Bejalen village. Each plant was labeled with local name and
identified using “Tumbuhan Berguna Indonesia” book to determine their scientific names. There were nine
plants found: Ampelas, Cangkring, Elo, Gempol, Dempul, Johar, Waru, Bunga Kuning and Mangsi. Plant
and soil N contents were analyzed in WMTC Laboratory. Riparian soil N content was 0.21%. Ampelas,
Mangsi and Cangkring had the highest N content with 0.24, 0.13 and 0.12%, respectively. N content for
Bunga Kuning was 0.7%, while for Lo, Gempol, Dempul, Johar were 0.5% each and for Waru was 0.3%.

Ampelas, Mangsi and Cangkring are potential for N removal as their N contents were approaching N soil.

1. INTRODUCTION those priority lakes, only two were in oligotrophic status
i.e. Matano and Poso lakes, while the others were

Eutrophication is defined as the enrichment of surface _ _
eutrophic and hypertrophic.

waters with plant nutrients!®. Since 18" century

Vollenweider, et al. (1980) in Ongley (1996) had classified
trophic nutrient poor (oligotrophic),
mesotrophic, eutrophic and nutrient rich (hypertrophic).
At that time, the major factor of eutrophication was
agriculture. In 2009, besides agriculture, Selman and
Greenhalgh included wastewater and burning fossil fuels
as other factors in eutrophication.

status  into

In Indonesia, eutrophication has become a serious problem
especially in lake management. Based on eutrophication
status and other condition, the country has categorized 15
lakes as management priority’”. They are spread
throughout (Toba,
Kerinci), Sulawesi (Tondano, Limboto, Poso, Tempe,

Sumatera Maninjau, Singkarak,
Matano), Kalimantan (Mahakam Cascade (Semayang,
Melintang, Jempang), Sentarum), Papua (Sentani), Java

(Rawadanau, Rawapening) and Bali (Batur). Among
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Eutrophication sources in most priority lakes are from
settlement in lake water catchment and riparian areas,
agriculture, animal husbandry and aquaculturesl®. Some
domestic waste management installations have been
applied in some areas. Eight programs have been proposed
to overcome lake degradation; they are (1) lake spatial
arrangement, (2) conservation and rehabilitation of lake
water ecosystem, (3) conservation and rehabilitation of
lake ecosystem riparian zone, (4) conservation and
rehabilitation of watershed and lake water catchment area,
(5) utilization of lake water resources, (6) development of
monitoring, evaluation and information system of lake
ecosystem, (7
institutionalization and coordination, and (8) improvement

enhancement of  capacities,

of community role and participation®. Vegetative
rehabilitation both in lake water catchment and riparian



areas was a part of program (3) and (4).

Nitrogen (N) removal from wastewater using different
plant species have been applied in other countries. In
China, Lu and Huang (2010) tested Nymphea tetragona
Georgi.and Pontederia cordata L. in N and P removal and
concluded that both of them have good removal in
stagnant water ¥. Li et al. (2014) evaluated Lolium
multiflorum N and P removals in floating mats experiment
in China and resulted in 39-49 and 47-58 % decrease [,
Wu et al. (2016) investigated removal of Nitrogen by Tipa
augustifolia, Phragmites australis and Acorus calamus in
a-30-days hydroponic experiment in ChinaP. The result
indicated that three of them can remove almost all N in
NH4" form®. In Indonesia, Chrismadha et al. (2017)
examined the ability of minute duckweed (Lemna
perpusilla), greater duckweed (Spirodella polyrizha),
water lettuce (Pystia stratoites) and water hyacinth
(Eichornia crassipes) in eliminating nutrients, N and P
from polluted water!!l. The result was promising as the N
and P removals were around 80 %"

Although research on N removal from water body by
vegetation in Indonesia is still limited, none has been
found in studying plant effectiveness in removing N from
soil. Therefore this research was aimed to measure N
content of plant species growing in Rawapening riparian
as preliminary information on plant potency for N
removal.

2. METHOD

Plants and soil samples were taken in a relatively
undisturbed riparian area in Bejalen village, Ambarawa
Sub-district, Semarang District, Central Java in April 2017.
Branches, leaves, flowers and fruit of trees and including
roots for smaller plants were taken destructively then
cleaned from dirty and dried from water in its surface and
put in aerated sample bags to prevent from quick decaying.
Each plant was labeled with local name and photographed.
All samples were taken to Watershed Management
Technology Center Laboratory (WMTC) to be treated and
analyzed for their N contents. Local names were matched
to those provided in ““Tumbuhan Berguna Indonesia” book
Ito determine their scientific names.

3. RESULTS

There were nine plants found consisting of seven trees:
Ampelas (Ficus ampelas Burm.f.), Cangkring (Erythrina
fusca Lour.), Elo (Ficus racemosa L. synonyms
Ficus glomerata Roxb.), Gempol (Nauclea orientalis
L.), Dempul (Glochidion sp), Johar (Senna siamea Lamk.),
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and Waru (Hibiscus sp), a shrub (Bunga Kuning) and a
liana, Mangsi.

N content for riparian soil was 0.21%. Ampelas, Mangsi
and Cangkring had the highest N content with 0.24, 0.13
and 0.12%, respectively. N content for Bunga Kuning was
0.7%, while for Elo, Gempol, Dempul, Johar were 0.5%
each and for Waru was 0.3% (Table 1).

Table 1 Total N content in riparian vegetation and soil

Species Water Total. Total.
No Jocal Content Organic | Organic | Total N
names %) Carbon | Matter (%)
(%) (%)
1 | Ampelas 51.91 4.58 7.89 0.24
2 | Mangsi 33.65 1.27 2.18 0.13
Cangkring | 54.13 2.91 5.02 0.12
g | Bunga 58.64 | 3.66 631 0.07
kuning
5 | Elo 43.88 2.10 3.61 0.05
6 | Gempol 48.61 1.07 1.84 0.05
7 | Dempul 39.90 1.82 3.14 0.05
8 | Johar 37.46 0.99 1.70 0.05
9 | Waru 37.50 1.06 1.83 0.03
g;?fman 3998 | 036 | 062 | 021

4. DISCUSSION

Among the top three having the highest N content, Mangsi
is the only non-tree species, while Ampelas and Cangkring
are considered as tree species. Ampelas (Ficus ampelas)
found in the research site was a-4-meters sapling with 3.5
cm diameter. Ampelas in Indonesia is a native to Sumatera,
Java, the Lesser Sunda Islands, Sulawesi, the Molluccas
and New Guinea and possibly Borneo!®. It is an evergreen
tree with small to medium height up to 15 (-20) m and
usually found in lowland areas!®. The latex has been used
as medicine and the fruits are edible; the leaves can
sandpaper!®
sandpaper/English).

substitute (ampelas/Indonesian is

Cangkring (Erythrina fusca) in research site was a tree
with approximate height of 12 m and diameter at breast
height of 20 cm. It is an exotic species in Indonesia
originated from South America that may reach height of
10-15 (max. 26) ml. Cangkring can survive in bad
drained soils: swamps, stream banks and marshes!’l. It
research sites, some people harvested the leaves for
medicine. Another species from the same genus, Erythrina
variegata, was known as N fixing species!”), so it is
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possible that high content of N in Cangkring also come
from N fixation from the air.

Mangsi (Javanese), in English called ink, together with
Bunga kuning is species that have not been identified for
their scientific name. Mangsi has dark blue/almost purple
fruit and fruit content. Bunga kuning was found in
waterlogged area and has densed rooted. It is called Bunga
kuning for its flower color.

Elo (Ficus racemosa ) is a deciduous tree (in drier area)
of 20-30 m tall. In April 2017, the tree was
leaves-blooming after deciduous. Elo is commonly found
in lowland area along river banks!..

Gempol (Nauclea orientalis), is a familiar tree in research
site. which is still cultivated by local people for its
economic and esthetic values. It is native to Indonesia,
Malaysia, Thailand and Australia and can grow up to 30 m
and 1 m of diameter!”. Gempol are commonly found near
stream and associated with Melaleuca dealbata and
Melaleuca leucadenron in swampy land’. For its
character as a pioneer species and prefer open areas!,
Gempol is likely suitable for replanting riparian and water
catchment areas.

Johar (Senna siamea) is a legume tree usually growing in
lowland area and can reach height of 18 m and 30 cm
diameter!”!. The tree in research location was more than 5
m tall. Dempul (Glochidion sp) was still seedling with 90
cm height and Waru (Hibiscus sp) was an adult tree with 7
m height and already flowering.

5. CONCLUSION

Among the nine species found, Ampelas, Mangsi and
Cangkring are potential for N removal as their N contents
were approaching N soil and their habitat requirement
matches riparian condition.
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ABSTRACT

This case study has assessed the vulnerability of NOKOUE Lake to pollution by both “Acadja
fishing practice” and domestic waste.

Situated in coastal area of Benin, where more than four millions of people are living, Nokoue
Lake is the biggest lake in the West Africa due to his big surface and fishiness productivities.
Unfortunately, this lake confronts a lot of challenges due to traditional system of fishing
called "Acadja" and bad domestic waste management. This study highlights that "Acadja"
practice and domestic waste destroy the aquatic fauna and therefore threaten and disrupt food
security of the habitants by reducing fish productivity. As matter of fact, this practice of
"acadja" reduces the transparency, light and increases water pollution through the proliferation
of aquatic plant which reduces the amount of dissolved oxygen. The analysis was made by
spectrophotometer DR/2000 Hach, multipara meter wtw 3401 and atomic absorption
spectrophotometry for Toxic metals (lead). The result was revealed that dissolved oxygen
under 3 mg/L at the place of acadja, and the contents of nitrite 3.35 to 15.25mg/L while lead
shows high values. This water quality influences dangerously fauna aquatic. It is necessary to
mention that investigation made among the riverside habitants and has revealed that the
weight of the fishes is reducing drastically year to year

produced per day and rejected in the lake.

I-INTRODUCTION Apart from this anthropogenic pressure, the
Lake Nokoue is situated and located in the lake is confronted to another phenomenon called
southern part of Benin in West Africa (Figl). It "Acadja (Fig 3) " and water pollution due to
covers approximately 150km2 areas. The lake is liquid and solid-waste. .
connected to Porto Novo lagoon (the executive It is useful to mention that "acadja" is invented
capital lagoon) at the East by Totche canal at the and built by the riverside habitants, fisher men
south by atlantic ocean through Cotonou and their relatives to protect the fishing family
(Economic capital of Benin) channel at the north business. Map of lake situation below

by river s6 and Ouéme stream at the west which
receives the large parts of its content (Fig 2). Its
connection with Atlantic Ocean originates its
salinity which it's sometimes advantageous for
fishes.

As it was stated above, the lake is very important
for the Benin development due tol/3 of Benin
population, approximately 4000000 people live
behind the lake and they survive depend on the
lake. Thus, behind this lake there is a big
international market called "Tokpa market"
situated in economic capital of Benin, Cotonou
where more than 250 “tonnes” of solid waste are
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Figure:1 Lake Nokoue recharged and
connection

II. METHODS

The Nokoue Lake is characterized by a
subequatorial climate. It is recharged by Oueme
river (the biggest river of Benin) and discharged
into the Atlantic Océan . This study was
carrying out during both dry and rainy season. .
The parameters such as temperature, pH,
dissolved oxygen, the redox potential are
measured in situ.  Multipara-meter/ox-meter-
WTW-340i.Measurement of suspended solids
(Methods 8006 with the multipara meter,
colorimeter =~ HACH  DR/2000).  Atomic
absorption spectrophotometry has been used for
Toxic metals especially lead.

Six sampling have been taken from both acadja
side and non acadja side.

III. RESULTS

The results are grouped and analyzed by seasons:
the intense rainy season and the intense dry
season. At every sampling station,

Table 1: Data Results

Samples |1 2 3 4 5 6

pH 6,616,721 6,84 | 8,1 | 84 8,3
[}

Températ | 37| 36 | 35 | 29 | 25 27
1ure.

Dissolved

xygen(mg/ |3,7| 3,45 | 3,7 | 2,77 | 1,65 1,8
L) 5

Supende | 12,| 14,7 | 23,0 | 40,1 | 37,0 29,56

dsolids [25| 5 0 2 6

TURBIDI| 07| 05 | 10 | 25 | 40

TY (NTU)
NO3- (2,71 2,5 | 1,5 | 85 | 10,5 7,25
(mg/L) | 5
NO,- 3 1425(7,15]5.83 5,90

Remark |No| Non | Non |Acad | Acad
n |Acad|Acad| ja ja

Acadja side

the redox potentials are negative especially in the
Intense Rainy Season. The temperatures as are
between 25°C and 37°C.

According to author [3], they are good condition
of growth of the species fish. The pH ranges
from 6.69 to 8.40. This value of pH is good at
fish farming because situated between 6.5 and 9 .
In case the pH values are not included in 6.5 to 9,
then there are potential risks of negative chronic
effects in long terms for the aquatic life
protection [9].

We notice that the contents in oxygen
dissolved in sampling stations vary from 1.65 to
3.75 mg/L as shown by Figure 2.

IV. DISCUSSION

This part will essentially based on dissolved
oxygen and on suspended solids which are of
important parameter of water pollution

The high dissolved oxygen contents are
noticed at TCHOCHE where there aren't
installations of acadjas. The dissolved oxygen is
an essential ecological factor and plays an
essential role in the preservation of the aquatic
life. The oxygen dissolved contents in natural
waters are mainly determined by the breath of the
aquatic bodies, the oxidation, the degradation of
pollutants, the photosynthetic activity of the
flora and the exchanges with the atmosphere..
According to cerains authors , the quality of this
lake is classified in the mediocre range because
the content in dissolved oxygen is lower than 3
mg/L. We deduct from this that the acadjas
asphyxiate the lake and therefore fauna aquatic.

The average contents of the suspended solids at
TOCHE are 23.00, 40.12, 37.06 and 29.56
mg/L . The suspended solids include all the
substances which are not dissolved. Their
harmful effect due to formation of sediments and
of a screen preventing the good penetration of the
solar radiation (reduction of the photosynthesis)
on the one hand, and the clogging of the fishes
gills on the other hand. Their effect is also
chemical by constitution of a potential reserve of
pollution in sediments. The biodegradable
suspended solids contribute in a significantly to
the oxygen demand and cause therefore the
decrease of the concentration in oxygen dis-
solved in the aquatic environment . The
suspended solids can asphyxiate some aquatic
species and even the whole aqua tic environment
when they are present in excess, or to provoke
momentary anoxia. There are risks of long-term



fatal chronic effects for the aquatic life protection
if the value exceeds 5 mg/L.

. Furthermore, the higher the temperature and
the dissolved oxygen are, the higher the micro-
organisms decompose organic materials (the
branches tons into the lake). This is also the
reason for the high turbidity observed. The
reducing power is still strongly correlated with
the temperature. The high activity of
microorganisms reduces dissolved oxygen
content of the medium. This situation leads the
aquatic environment to be reducing. This has
very serious consequences on aquatic species.
The results in Nokoue lake in Benin, are in
accordance with those we have obtained and
reveal disadvantages of acadjas practices

il

Figure 2. Contents in oxygen dissolved in in
Nokoue Lake

Ll

Figure 3. Variation of the suspension materials
in in Nokoue Lake

Photo 1: Waste management and building house
in Nokoue Lake.
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Photo 2: System of Acadja on the lake

V. CONCLUSION

The practice of acadjas is a very old and wide-
spread traditional fishing method observed in
Benin's lakes and lagoons. It allows a good
profitability of the fishing activities but it is the
cause of the deforestation and erosion as well.
Since several years, it is more and more
forbidden by public authorities through the law n°
152/ MAEP of September 16th, 1970, concerning
removal of acadjas from the Nokoué lake, the
lagoons of Porto-Novo  This study which we
have just conducted reveals that the dissolved
oxygen, which is one of the key factors of aquatic
life becomes scarce because it is much more
requested for the decomposition of tons of
discharge woods in the Nokoue lake. And as a
result, the aquatic environment becomes reducing,
which allows the biochemical process of
development and degrading of the original
conditions of life in the aquatic medium. A
program of reforestation of lagoon banks is then
recommended due to its multiple advantages. IT
is good to notice that the new government has
decided to restorate aquatic ecosystem on this
lake. Nowadays, the new government has
forbiden the use of acadja
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ABSTRACT

Salim Ali Lake is one of the historical lake in Aurabgabad city of Maharashtra State which was a planed city in midevial
period. Priorly known as, 'Khijjar Talao', later on , 'Delhi Gate Talao' and now known as, 'Salim Ali Lake'. This was an
excellent example of the ancient water supply system by means of, 'Nahar- E- Ambari', founded nearabout 400 years ago.
Originaly the lake area was 54 acres and now reduces to 34 acres placed and is a hub of migratory birds.

The sewage and effluent from residential and industrial areas may responsible for the contamination of surface water
reservoirs. The major factors contributing to the pollution of natural reservoirs of the city are; discharge of untreated sewage
and effluent, poor sanitation facilities, dumping of municipal solid waste, erosion from the catchment areas, etc. Aurangabad
Municipal Corporation had consructed a 5 MLD Sewage Treatment Plant in April 2013 on a lake basin.

In present study the water quality of Lake and outlet of Sewage Treatment Plant, were analyzed. The parameters such as
turbidity, Electrical Conductivity, Total Dissolved Solids, DO and Total alkalinity were not compatible with the prescribed
standards .

Availability of sewage treatment plant is a crusial problem at highly populated cities. Lake ecosystem and Sewage
Treatment Plant should be studied simulteneously for the sake of conservation. There is an urgent need to improve the
efficiency of STP so as to conserve such ancient water supply monument. Therby only we can made harmony with the aquatic
ecosystem.

1. INTRODUCTION

Aurangabad is located at the latitude of 19.53°
north and longitude 75.23° east. Topographically it is

The domestic effluent generated from the city area
accounts for 107000 CMD while that from the councils
is 103000 CMD.  Untreated or partially treated
domestic effluent has been identified as great concern
from river water quality point of view. [3]

In present study the physico-chemical parameters
of Sewage Treatment Plant outlet situated near Salim
Ali Lake and lake water were analyzed.

located in the valley region between the Chauka Hills
on the north and Satara Hills on the south. The total
area of the city is about 138.5 sq.km Containing about 9
lacks population as per the 2001 census. The Salim Ali
Lake is consisting of rich flora and fauna. The soil
along the lake is muddy and rich in algal biomass and

) i i ) . ) 2. MATERIAL AND METHODS
microorganisms. This lake is ecologically important as

it provide a suitable habitat for birds. Its shape is
rectangular and having an area about 54 acres when it
was not surrounded by residential area.[1]j2]. Aurangabad
corporation was constructed a SMLD Sewage
Treatment Plant in 2012 and was started from April
2013.

The analysis of outlet of STP and lake water was
carried out monthly for the duration from April 2013 to
December 2013. The parameters were analyzed by
standard methods [4](5](6]

3. RESULTS

Table no. 2: Physico-chemical analysis of outlet water samples at Sewage Treatment Plant near Salim Ali Lake.
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Sr. no. | Parameters April May | June July Aug Sept | Oct | Nov Dec

1 Temp 38.8 42.5 42.5 35 32.5 275 | 264 | 243 23.0
2 Turbidity 98 98.4 99 98.0 92.5 90.1 | 88.0 | 85.0 81.0
3 TS 748 739 750 696 715 690 748 | 630.8 | 730.8
4 TDS 724 716 724 674 693 670 723 615 710
5 TSS 23.4 22.9 25.1 21.7 22 20 25 15.8 20.8
6 EC 730 725 730 715 727 710 630 650 720
7 pH 7.6 7.4 7.2 7.6 7.23 7.6 8.0 8.5 8.5
8 DO 1.0 0.98 1.1 1.4 2.0 2.1 2.3 2.4 2.4
9 BOD 12.4 12.5 12.8 12.13 | 132 149 | 204 | 228 22.8
10 COD 45 48 50 52 42 54 58 62 65
11 Alkalinity 215 180 182 179 190 195 210 214 215
12 Total Hardness 180 179 181 184 192 197 202 200 209
13 Nitrate 0.090 | 0.085 | 0.095 | 0.092 | 0.15 0.17 | 0.16 | 0.12 0.15
14 Phosphate 0.0070 | 0.006 | 0.0078 | 0.007 | 0.087 | 0.095 | 0.09 | 0.080 | 0.089

5 3

15 Sulphate 92.0 92.1 95.7 93.5 91.0 88.0 | 83.5 | 80.6 89.1
16 Chlorides 222 225 239 235 245 250 249 | 2529 265

{Note: all parameters are in mg/l except Temp (°C), Turbidity (NTU) and EC (umhos™).}

Table no. 2: Average physico-chemical analysis of water samples at Salim Ali Lake from January 2013 to December

2013

Sr. no. | Parameters | April | May | June | July Aug Sept | Oct Nov Dec
1. | Temp 38.7 | 39.7 | 375 34.6 323 27 26 24.7 22.3
2. | Turbidity 58.7 | 59.1 | 59.2 57.1 54.0 52.1 51.4 49.6 45.8
3. | TS 1464 | 1469 | 1500 | 1485 | 1656 | 1194 | 1063 982 1060
4. | TDS 1006 | 1013 | 1017 | 1045 | 1082 828 805 775 820
5. | TSS 457 455 482 439 573 366 258 207 240
6. | EC 330 330 327 325 346 327 314 338 348
7. | pH 8.0 7.9 7.8 7.9 7.8 7.9 8.0 8.1 8.3
8. | DO 4.2 3.9 4.1 4.3 5.2 5.6 6.2 6.2 6.5
9. | BOD 3295 | 30.5 | 354 34.8 34.3 34.2 30.9 27.8 27.4
10. | COD 135 139 142 147 130 153 156 151 160
11. | Alkalinity 283 276 271 247 256 283 291 331 322
12. | Total 199 195 197 211 233 243 247 242 259

Hardness
13. | Nitrate 33 3.5 33 33 3.2 3.2 3.1 3.0 3.0
14. | Phosphate 1.3 1.5 1.3 1.2 1.1 1.1 1.1 1.0 1.0
15. | Sulphate 73.5 77 66.7 157 151 146 138 135 146
16. | Chlorides 239 240 236 232 240 249 241 263 272
{Note: all parameters are in mg/l except Temp (°C), Turbidity (NTU) and EC (umhos™
Table no.3: Water Quality Standards.

Sr. | Parameters USPH ISI Standards for WHO BIS MPCB

N Standards sewage disposal in Standards | Standards Standards

0. Inland Surface water
Temp Shall not exceed 5°C

1 above the Receiving

water temperature

2 | pH 6.0-8.5 6.0-9.0 6.5-9.2 - 5.5-9.0

3 | EC 300 - - -

4 | Turbidity <5 - - -

5 | TS -

6 | TDS 500 - 500 - 2100

7 | TSS 100 100

8 | Alkalinity - 200 - -

9 | Total - 300 - -
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Hardness

10 | Chloride 250 600 500 600 600
11 | Sulphate <0.3 - 200-400 1000

12 | DO 4-6 3.0 - - 4-5
13 | BOD 4.0 30 - - 30

14 | COD 4.0 250 - - 250
15 | Phosphate - 5.0 - - 5.0
16 | Nitrate - 10 - - 10

{Note: all parameters are in mg/l except Temp (°C), Turbidity (NTU) and EC (umhos'l).}

4. DISCUSSION

In present study, the maximum value of Turbidity
was 99 NTU of outlet water sample and 59.2 NTU of
lake water sample were observed. Both the values are
above the prescribed limit. Turbidity in water may be
organic or inorganic origin. Maximum turbidity value
was reported during rainy season due to inflow of rain
water from surrounding area as well as sewage of city.[6]
The maximum TDS was 724.9mg/l in STP outlet and
1082mg/l in lake water. The maximum value of
Electrical Conductivity 730 umhos™ in outlet water and
348 umhos'1 in lake water were observed. All values
and above the prescribed limit. The high value
indicating that water is loaded with waste water and
domestic sewage from several houses showed
maximum levels of conductance in the water the
presence of larger amount of salts in the sewage water
(7. The dissolved oxygen value was very much less as
compared to the prescribed standards 3. Low content of
DO is sign of organic pollution, is also due to inorganic
reductants like ammonia, nitrates, and other such
oxidisable substances. The total alkalinity of STP water
sample was recorded as 215mg/l and 331 mg/l were
observed. Both are above the prescribed standards.

S. CONCLUSION

The present study reveals that the parameters like
Turbidity, Total Dissolved Solids and Total Alkalinity
are above the standards. Outlets of sewage water
containing low DO as compared to standard which is
harmful for the aquatic life and is containing more
Turbidity, Electrical Conductivity and Total Alkalinity.

STRATEGIES:

P There is an urgent need to increase sewage
treatment capacity as well as to improve the
functioning of the treatment facilities which
they have provided.

» There should be some strategic action plans
include identification of projects for
improvement of the current situation. Even the
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policies regarding such issues should be
reformed.

» The implementation of effective
ecotechnologies such as, Bioremediation
Technology, Root zone Technology, Green
Bridge Technology, Green Lake Technology,
and Stream Eco-System (SES) Technology to
restore the quality of Salim Ali Lake.

» There should be the development of
models for management of Salim Ali
Lake water for sustainable utilization.
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ABSTRACT

Fishes react sensitively to changes in environmental conditions, in particular the chemical composition of
water, suspended matter and bottom sediments. Also, a relatively high degree of adaptation of fish to
changing conditions of their life is known, but it is far from boundless.

In this work we investigated the morphometric, parasitological and biochemical features of the Perccottus
glenii population of some urban lakes in the city of Kazan. The results of the assessment of the state of
the aquatic ecosystems of urban lakes using ichthyoindication methods are presented. It was noted that in
the Lake Dryanichnoye Perccottus glenii is characterized by the most deviating from the norm values of
the liver mass index, biochemical blood indices and parameters of helminth infection.

1. INTRODUCTION

At present, a lot of ichthioindicative methods are used to
assess the state of aquatic ecosystems. Fishes react
sensitively to changes in environmental conditions, in
particular the chemical composition of water, suspended
matter and bottom sediments. One of the most interesting
examples of biological invasions is the dispersal of Amur
sleeper (Perccottus glenii Dybowski, 1877). There is a
relatively high degree of adaptation of this fish to
changing conditions of their life, but it is far from
boundless. [,

The aim of this work is to study the morphological,
parasitological and biochemical parameters of the Amur
sleeper population in urban lakes in Kazan.

2. METHOD

The material for this work was Amur sleeper’s statistical
samplings (n = 250) collected in 2017 in four Lakes of
the city of Kazan: Marino, Maloe Glubokoe, Maloe
Lebyazhye, Dryanichnoe. The of the
ichthyological material was performed using a grid with a

collection

cell size of 1 mm. For morphometric analysis, we
measured the mass, length, and height of the body. The
measurements of length and height were carried out with
an accuracy of = 0.1 cm. Each fish was weighed on an
EK 410i laboratory scale with an accuracy of + 0.01 g.

The content of helminths in fish tissues was determined
in the laboratory conditions. [?l. Cestod was fixed with
70% ethyl alcohol,
glycerol-gelatin. Species identification of the parasites

preparations were made in
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was carried out using stereoscopic microscopes MBS-10
and Biolar equipped with a Levenhuk C-Series 5M pixel
micro-photon array. As the main characteristics of
infection of fish with helminths the parasitological
parameters of the extent of invasion (the percentage of
infection of the host by one species of parasites), the
intensity of infestation (the minimum and maximum
number of parasites of one species in the host species),
the abundance index (the average number of parasites of
one species in the host species).

Samples of blood were collected directly when fish
catching. Hematological and biochemical blood tests are
performed using a biochemical analyzer “Daytona
Randox”. During the biochemical analysis of serum
samples, the content of glucose, lactic acid, total protein
and hemoglobin.

Statistical processing of the material was carried out by
standard methods using the Student-coefficient and
Spearman rank correlation coefficient.

3. RESULTS

According to the morphometric parameters (mass and
body length), the Amur sleeper population from all lakes
is not statistically significant. The exponential equation of
the Amur sleeper’s mass dependence on the body length
is y = 74,3675 (R?=0,9).

The values of the fish liver mass index from the Lake
Dryanichnoye are statistically significantly different and
more than 2 times higher than in other lakes.

The complex of intestinal helminths in the Amur sleeper



of reservoirs in Kazan is poorly developed. In all the
lakes studied, monoinvasion of fish was detected by a
specific cestode Nippotaenia mogurndae Yamaguti et
Miyata, 1940. The highest values of infection rates of
rotan N. mogurndae were recorded in Lake Dryanichnoe,
where more than 93% of the fish in the samples are
infected with a parasite, the intensity of invasion is up to
36 specimens of cestodes in the host. Statistically
significant differences in the extent of invasion of rotan N.
mogurndae were noted for lakes with the maximum and
minimum contamination of cestode fish - Lake
Dryanichnoe and Glubokoe,

The values of the hematological and biochemical
parameters of the Amur sleeper blood in all lakes are
within the norm, except the Lake Dryanichnoye. This
population is characterized by the smallest concentration
of erythrocytes and a low content of hemoglobin and
glucose in the blood. On the contrary, there are increased
values of leukocyte concentration and a high content of
lactic acid in the blood.

4. DISCUSSION

Elevated values of the fish liver mass index may be
of high water contamination of Lake
by of fish
contamination indicators by N. mogurndae indicate active

evidence

Dryanichnoe toxicants. High values
feeding of Amur sleeper by the intermediate host of
cestoda - a representative of copepods Mesocyclops
leukarti (Claus, 1857), which has become widespread in
many reservoirs of Russia and adjacent territories.
Deviations of biochemical and hematological parameters
in the fish from Dryanichnoe lake from the populations of
other lakes is an indicator of poor water quality in this
reservoir.

5. CONCLUSION

It is noted that in the Lake Dryanichnoye Perccottus
glenii is characterized by the most deviating from the
normative values of the liver mass index, biochemical
blood parameters and parameters of helminth infection.
In this regard, we can assume that there are unfavorable
in this lake due to

environmental conditions

unsatisfactory water quality.
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ABSTRACT

It is believed that in comparison to other types, forest catchments provide smaller quantities
of allochthonous matter. Therefore, they seem to be a factor that stabilize functioning of
midforest lakes. Some papers point out that forested catchment can provide to the freshwater
ecosystems significant amounts of organic matter (humic acids) and trigger lakes
humification. We estimated if wind dispersed pine pollen may change water quality and
accelerate the increase of fertility of several lakes located in forested areas. We found that
pine pollen is rich in nitrogen and phosphorus. Average phosphorus content was about 20
g P kg and nitrogen about 22 g N kg of dry mass of pollen. Based on the field experiment
we estimated that during the pollen season (May — June) average pollen deposition is about
12 g d.m. per square meter of the lake. It gives every year provision more than 20 kg of P
and over 25 kg of N per one hectare of the lake. According to the laboratory experiment,
we provided that pollen fell on the water very quickly release nutrients, and also become a
culture for bacteria and fungi. In all investigated lakes we found the increase of
concentrations of nitrogen and phosphorus in the littoral zone during pollen season.
Certainly these loads of nutrients may stimulate the development of primary producers and
FPOM consumers, however this requires further research.

INTRODUCTION

Forested terrestrial ecosystems may strongly
affect adjacent freshwater ecosystems.
Despite the fact that the most significant loads
of nutrients are transported to surface waters
from agricultural catchments (Alexakis et al
2013), allochthonous inputs may significantly
subsidize midforest lakes (Park et al. 2011).
Surface runoff both from deciduous and
coniferous forests supply lakes in significant
amounts of nitrogen and phosphorus and thus
trigger their eutrophication (Klimaszyk et al
2015). Forested catchments can be
responsible for the humification of lakes
resulting from high quantities of organic
matter (humic compounds), transported
particularly from the coniferous sites
(Steinberg 2003; Klimaszyk and Rzymski
2013). Wind derived forest particles
deposited on the lake’s surface seems to be
less important in lake matter and energy

budget, however, we hypothesized that
nutrient-rich  pollen  deposition  might
accelerate eutrophication of midforest lakes.

MATERIAL AND METHODS

The investigation was carried out in 2017. Six
midforest lakes located in the Drawa National
Park (North-West Poland) were taken under
consideration. The lakes were differentiated
according to the morphology (from the small
- less than 1 ha to the over 70 ha) and trophic
state (from humic to mesotrophic). The
common feature of studied lakes was the
character of catchment area — 100%
overgrown by coniferous pine forest. Several
Tauber’s traps were installed on the lakes
shore during May and June to estimate
deposition of pine pollen. Traps were checked
every two weeks. The deposited pollens were
rinsed with ultrapure water filtered GF/C
filter. Filters were inspected with a



stereoscope. After that, they were combusted
and measured as ash-free dry weight. To
determine the impact of pine pollen
deposition on lakes chemistry and
biocoenoses, samples of water for chemical
analyses and samples of phytoplankton were
taken. Samples were taken before (early May)
in the middle and after pollen season.
Electrical conductivity and pH of water were
measured in the field using a YSI 556
Multiparameter Instrument. The following
parameters were analysed in the laboratory:
ammonium (N-NHy4, using the Nessler
method), nitrite (NO»", using the sulphonic
acid method), nitrate (N-NOs’, using the
sodium salicylate method), Norg (using the
Kjeldahl method), TP (using the molybdate
method after mineralization) and
orthophosphate (TRP, using the molybdate
method) (APHA 2005). Chlorophyll-a was
determined after extraction in the ethanol.
Samples for the phytoplankton analyses of the
qualitative and quantitative composition of
phytoplankton were fixed with Lugol's
solution. Analyses were done using a
Sedgewick-Rafter chamber with a light
microscope Olympus CX 21 LED (400x
magnification). Pollen was collected from
ripe anthers that were harvested from lower
canopies of pine trees overgrowing lakes
catchments. Anthers we dried at 40°C put in
the bucket and shaken until pollen, and other
debris fell into the bottom. Collected mixture
was sieved 500 pm mesh size to obtain pure
pine pollen. This procedure was also used to
collect pine pollen from trees growing near a
high trafficked road. Elemental analysis was
performed using the inductively coupled
plasma optical emission spectrometer Agilent
5100 ICP-OES (Agilent, USA). A total of 67
chemical elements were analyzed. To
estimate the nutrients flushing rate from the
pollen the experiment was designed. To each
conical flask, 1 g of pollen was placed and
flooded with a 300 ml of ultrapure water of
known parameters. To imitate lake
conditions, the flasks were placed in a
thermostat (18°C) and gently shaken. Samples
were taken after 1, 3, 6, 9, 12, 15 day of
incubation. The pollen residues were filtered
with GF/C filter. In obtained water the
concentrations of nitrogen, phosphorus, pH,

and electrical conductivity were measured
according to above-described methods.

RESULTS and DISCUSSION

We found that pine pollen is rich in nitrogen
and phosphorus. Average phosphorus content
was about 20+2 g kg and nitrogen about
2243.2 g kg of the dry mass of pollen. We also
found that chemical composition of pine
pollen depends on environment quality and
pollution. Pollen collected near the road
contained twice more heavy metals than those
from National Park, less polluted area. We
also found that during the pollen season (May
— June) average pollen deposition is about
1245 g d.m. per square meter of the lake. It
means that pollen deposition provide more
than 20 kg of P and over 25 kg of N per one
hectare of the lake every year. In all
investigated lakes we found the increase of
nitrogen and phosphorus concentrations in
littoral water. In most of them, the difference
of N and P concentration on the beginning and
end of pollen period was statistically
significant. It confirms earlier observation of
Cole et al.(1990) and Graham &Vinebrook
(2006), who found that pollen is an important
link between coniferous terrestrial and
aquatic ecosystems. However, phytoplankton
analyses showed that in the most lakes the
abundance of phytoplankton decreased during
our studies.  Total abundance  of
phytoplankton was the highest before pollen
period (early May), and the lowest after
pollen  period  (June).  Nevertheless,
Chrysophyceae and Chlorophyceae
dominated through the whole time.
Decreasing phytoplankton abundance may
have been caused by the presence of
numerous zooplankton, which is often found
at the turn of May and June (Lampert et al
1986). Our laboratory experiment confirmed
observations made by Lee and Both (2003),
who stated rapid decomposition of pollen in
water and release of nutrients. We found that
maximum release of N and P takes place 3
days after pollen flooding.
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ABSTRACT

Atmospheric nitrogen (N) deposition represents an important source of reactive nitrogen to ecosystems.
However, excessive N inputs could cause adverse ecological effects. In present study, the Taihu basin was
taken to explore the characteristics of N deposition and its contribution to water eutrophication. Results
show that the annual average of total deposition (TN) and total wet deposition (TNw) rate were 6154 and
1142 kg km™, respectively. The TN deposition concentration have a significant negative correlation with
the rain intensity (R=-0.783, P<0.01). The main N pollutants come from domestic sewage (account for
48.88%) and agriculture (account for 28.17%). TN deposition contributed to the lake was 14400 t N a™!
and accounted for 12.36% of annual riverine input of TN.

1. INTRODUCTON

Nitrogen (N) deposition mainly originates from the
discharge of nitrogen oxides (NOy), nitrate nitrogen
(NOs3-N), ammonia nitrogen (NH3) and ammonium
nitrogen (NH4"-N) with both anthropogenic and natural
sources [ 21 Excessive N inputs could cause soil
acidification, plant biodiversity = reduction, and
eutrophication in the ecosystems. Many previous studies
showed that the concentration of N deposition to water N
loads has been increased >3 4. Western Europe, China,
and India are the three regions with the highest N
deposition in the world in recent years. The primary
object of this study is to characterize atmospheric N
deposition and calculate the N loads from the inflowing
rivers.

2. METHOD
2.1. Study area.

Lake Taihu (29°55'~32°19' N, 118°50’~121°55" E), one
of China’s five major freshwater lakes, as an important
water source for water quantity regulation, industry,
agriculture, and tourism. The lake water was oligotrophic
in the 1950s. However, the water environment system has
been destroyed quickly in the mid-1980s due to the rapid
industrial,
population growth. Many policies and foundation item
were initiated, for example, “Zero-point Action” and
“Standard Discharge”, to improve the Lake Taihu water
quality. However, The Lake Taihu water quality has not
improved remarkably. The natural environment of Lake
Taihu has already significantly deteriorated, and water
eutrophication has become serious problems.

agricultural development and excessive

2.2. Calculation of nitrogen inputs

This present study, we calculated the main pollutant
source from agriculture (chemical fertilizer, livestock and
aquaculture), domestic sewage (urban domestic sewage
and rural-domestic sewage), and industrial effluents in
Table 1 by the method of Technical Specification:

Np = Ng*fa+Np*fp+Ne*fe+Nexfp (1)
Where N7 (t N a™') is total N discharged to surface water,
Ni(i=A, B, C, and E) is emission coefficient, f; (i= A, B,
C, and E) is the coefficient into water, A is industrial
effluents, B is urban sewage domestic sewage, C is rural
domestic sewage, E is agricultural pollution.

3. RESULTS
3.1. Spatio-temporal variation of nitrogen deposition

The main N deposition is dry deposition and accounts for
81.40%. The NH4"-N/NO3™-N ratio is 1.4:1. TN and TNp
deposition rate have an apparent seasonal variation
features. The high N deposition rate would promote the
bloom of cyanobacteria and aggravate the water
eutrophication. TNp deposition rate has increased rapidly
in spring while decreased in summer. Because amount of
fertilizer and pesticide spraying may enhance the N
deposition in spring.

3.2. Comparisons of atmospheric nitrogen deposition rate
listed with other domestic areas

The mean annual TIN,, deposition rate in the Taihu
watershed, North China plain, Pearl River Delta and
Western China were 2736, 2352, 2267, 446 kg km?,
respectively. The N deposition values of Taihu watershed
were higher than others area obviously. However, the TN
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deposition values were increased if the dry deposition rate
was considered. Because the rainfall in norther China was
less than in south. Obviously, the TN deposition load
already exceeds the critical eutrophication load in theory
which the allowable TN load was estimated to be only
491 kg km? a’l,

between
conditions and wet nitrogen deposition

3.3.  Correlation analysis meteorological

A significantly negative correlation was found between
the concentration of TN deposition and rainfall
(Y=189.268X %77 R=-0.999, P<0.01), rainfall frequency
(R=-0.783, P<0.01), and rain intensity (R=-0.783,
P<0.01). This phenomenon indicate that the precipitation
can clean N nutrients and the light rain clean better than
heavy rain. The significant correlation between the
meteorological conditions and TN deposition load
indicate that high load N deposition would aggravate the
water eutrophication.

4. DISCUSSION

To better understand the spatial-temporal distribution
characteristics estimated
contributions to water eutrophication. The N deposition

of N deposition and its

of simulated data in the Taihu watershed was investigated.

Based on the EQ. (1), the main N pollutants come from
domestic sewage (account for 48.88%) and agriculture
(account for 28.17%). Compared to the previous studies
from 2007 to 2015, the contribution of N deposition to
the Lake Taihu has an increasing trend. Obviously, the
TN deposition load already exceeds the eutrophication
critical load in theory. This phenomenon may potentially
accelerate the eutrophication process of the Lake Taihu.

5. CONCLUSION

1) The TN and TNp deposition have a significant
temporal and spatial distribution features.

2) The concentration of TN deposition has a significant
negative correlation with meteorological conditions
correlation with N

and significant positive

deposition rate.
3) Total amounts of TN deposition loads contributed to

the Lake Taihu accounted for approximately 12.36%
of total annual N input via inflow rivers.
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ABSTRACT

Water has vital role in all aspects of life with its significance visible in its sustenance to the environment, local economies,
food security, ecosystem productivity, and health. The importance of freshwater throughout human history has been seen
in its interrelationship with man. The importance of Lake Bosomtwe has been considered in relation to its quality and the
services this resource provides, considering the inability of humans to survive without it. The study involved twenty-six
(26) riparian communities surrounding the largest Crater Lake in Africa, the Lake Bosomtwe. Water sources such as lake,
streams and boreholes used as drinking water sources were collected quarterly for a period of two years. These were
analysed bacteriologically for the determination of total and faecal coliform, E. coli, Aeromonas sp. Enterococcus sp.
Salmonella sp, Pseudomonas sp and total heterotrophic bacteria (THB) using Membrane filtration and pour plate. The
results showed variation of bacteria counts in all the water sources. The highest E. coli counts of 2.9x10° cfu/100ml
was recorded in the lake and the least in the borehole 2. 7x10 cfi/100ml. The difference between the total coliform, faecal
coliform and E. coli counts and the water sources was significant (p<0.05). Bacteria in the different water sources had
higher bacteria counts during the dry season than the wet season which are statistically significant (p<0.05). Drinking
these waters without any form of treatments could pose health risk to consumers because of the presence of bacteria from

water pollution. These water sources can however be used for domestic purposes.

1. INTRODUCTION This study aims to determine the sustainable utilization of

Water is essential for life and the well-being of all people
as well as an important natural resource useful for
domestic and developmental purposes. The quality of the
water sources greatly impacts on the health status of the
consumers. Untreated surface and underground water are
still commonly used for domestic purposes in many areas
in developing countries!!!. This has a true reflection in
areas such as communities surrounding the rim of lake
Bosomtwe in the Ashanti Region of Ghana. This is a
meteoritic impacted lake which is filled by rain and surface

runoffs but has no outlet.

lake Bosomtwe in relation to the bacteriological quality of
the water sources (lake, stream and boreholes) used by
communities surrounding the rim of the lake as well as
establishing the effect of seasonal climate changes on the

quality of the water sources.

2. METHOD
This research was carried out within lake Bosomtwe and

surrounding communities in the Ashanti Region of Ghana
(Fig. 1). A total of 222 water samples were collected from

three water sources (lake, streams and boreholes).
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Fig. 1 Map of Study site !
Water samples were analysed for the presence and
enumeration of total and faecal coliform, E. coli,

sp.  Enterococcus sp. Salmonella

Sps
Pseudomonas sp and total heterotrophic bacteria (THB).
All analyses were carried out aseptically using membrane
filtration and pour plate techniques. Results were
expressed in colony forming unit (cfu) per 100ml and 1ml
of analysed The

sample. standard procedures for

bacteriological analysis of water 3] were followed.

3. RESULTS
All the water sources were contaminated with bacteria in

varying colony counts.

500
[}
=
g &
g 88
: % g I I I
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‘:g = Lake Borehole  Stream

Water Sources

H Total coliform H Faecal coliform

FE. coli Aeromonas sp

Fig. 2 Bacterial contamination in water sources
The highest mean total coliform counts was recorded in the
stream samples (2.6 x 10° c¢fu/100ml) whiles the least

count occurred in the borehole samples (3.2 x 10?

cfu/100ml) Fig 2. The E. coli count recorded in the lake
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ranged from 0 - 5.4 x 10° cfu/100ml with a mean value of
2.9 x 103 cfu/100ml whiles in the borehole, it ranged from
0 — 6 x 10! cfu/100ml with a mean value of 2.1 x 10!
cfu/100ml. Stream samples ranged from 2 x 10° - 4.2 x 10°
cfu/100ml with a mean value of 1.1 x 10° cfu/100ml.

Generally, the bacteria counts recorded in the borehole
source were higher during the dry season than the wet

season and vice versa for the lake and streams.

4. DISCUSSION

The presence of faecal coliform bacteria and E. coli in
water gives an indication of faecal contamination by
warm-blooded animals. Their occurrence may indicate the
presence of other pathogens responsible for infectious
diseases such as cholera, gastroenteritis, dysentery, and
typhoid fever after ingestion of contaminated water. The
high bacteria counts in the lake during the wet season
could be attributed to its large surface and its function as a
sink, collecting pollutants and therefore exposing it to
contamination through runoffs, anthropogenic activities
such as swimming, washing of clothes, fishing net and
cooking utensils. Also, concentration of piggeries, free
range chickens and dogs close to the lake may also account
for the high bacteria count in the lake. Run offs from uphill
into the streams could account for the high bacteria counts

during the wet season.



5. CONCLUSION

Generally, the mean bacteria count in lake, stream and
borehole water samples assessed during the study period
were bacteriologically unsafe to be used as a drinking
water source without any treatment. Bacterial counts
recorded do not conform to WHO guidelines and Ghana
Standards recommended for drinking purposes. This
implies that consumers of these water sources are at risk
since the presence of these bacteria could pose health
threats such as cholera, gastroenteritis, dysentery, and

typhoid fever after ingestion of these contaminated water.
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ABSTRACT

Lake Tempe is a floodplain lake that located in South Sulawesi province, Indonesia. Since many years ago,
Lake Tempe have been providing great benefit for local people in daily activity and economically. This lake
is as great fishery resources, and as nutrient deposition especially in dry season. However, in recent years,
some problems occurred in this lake, such as environmental degradation and decreasing fishery production.
High sedimentation rate and aquatic plants blooming have degraded environment lake. The local
government plan to revitalize this lake by dredging some area of Lake Tempe. However as floodplain lake,
there are some zones that have ecological function for fishery as breeding zone and feeding zone. Base on
this background, the aim of study is to reveal nutrient dynamic in permanent and nonpermanent zone of the
lake. That information will be used to determine the important zone for fishery or agriculture related to the
nutrient rich or trophic level of this lake. The results indicated that concentration of dissolved total nitrogen
(diss-TN) in nonpermanent inundation zone (zone 1, 2, 3, 4, 5) increased significantly when water level
increased (July 2017). The decomposed aquatic plants and residue fertilizer are supposed contribute to
increase concentration diss-TN in nonpermanent inundated zone. The concentration of diss-TN was 421 to
996 mg/m?, it is categorized eutrophic to super trophic state. The concentration of Dissolved Total
Phosphorus (diss-TP) was increasing during medium water level, the concentration was higher than 96
mg/m?, it is categorized hypertrophic state.

1. INTRODUCTION reveal the pattern of nutrient distribution in permanent and

Lake Tempe is a floodplain lake that located in Wajo, nonpermanent zone and to reveal trophic state of Lake
Tempe. Trophic status could not be evaluated by
examining one or two parameters [5]. In aquatic
environment of waterbody, four types of trophic statues

can be distinguished: oligotrophic, mesotrophic, eutrophic

Sidrap and Sopeng regency of South Sulawesi province,
Indonesia. The floodplain inundation is very dynamics
related to rainy season and dry season. There are
permanent zone and nonpermanent zone (temporary zone)

In rainy season the temporary inundation zone is very wide, and dystrophic.
but in dry season the inundation zone is getting smaller
then remain permanent zone. When water level increase, 2. METHOD

the grass and aquatic plants will be sunken, died and The study was conducted in Lake Tempe, South

Sulawesi Province, Indonesia. Sampling was done in
March, May and July 2017. Water samples have been
collected from six zones, that representative of permanent
inundation zone (zone 6) and nonpermanent inundation
zone (zone 1, 2, 3, 4, 5) as shown in figure 1.

Parameter TN, TP, ammonium, chlorophyll-a were
analyzed according to Standard Method APHA-AWWA
(Anonim, 2015), water samples for TN, TP and ammonia
were filtered by membrane filter 0.45 um. Transparency
was measured by Sechi disk. /n situ measurement was

decayed. After flood, dissolved inorganic nitrogen (DIN)
increased [4]. Finally, this process release nitrate, nitrite,
ammonia, phosphate, etc. These nutrients will be used for
phytoplankton, zooplankton, aquatic plants, invertebrate
organism and small fishes. After flooded, nutrient
deposition in nonpermanent inundation zone (temporary
zone). This area (lentic) is important site in floodplain lake
as ecological function to support sustainability of fishery.
High sedimentation rate and blooming aquatic plant
blooming have degraded the lake environment. The

government plan to revitalize this lake by dredging some carried out for pH, temperature, DO, TDS, conductivity,

area of Lake Tempe.

Base on this background, the aim of the study is to

ORP by Horiba U-51 Water Quality Checker. Total
Suspended Solid was measured by gravimetry method.
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Fig. 1. Sampling sites in Lake Tempe [6]

3. RESULTS AND DISCUSSION

Many methods can be used to assess water quality of
the lake. One of assessment methods is evaluating the
trophic state. Some parameter such as TN, TP, ammonia,
transparency (Sechi depth) and TDS can be used to
determine trophic state. Generally, nitrogen and phosphor
in aquatic environment origin from agriculture residue and
organic materials from domestic wastes. Trophic level also
can be observed through algae population or algae density.
Concentration of chlorophyll-a in the water also can be
used as an indicator to evaluate trophic level. In Lake
Tempe, aquatic plants grow well, it is also similar with
algae population, therefore by analyzing chlorophyll-a
concentration in the water, we can evaluate trophic level
of Lake Tempe.

Concentration of dissolved Total Nitrogen (diss-TN)
in Lake Tempe was in the range 208 -2445 mg/m’, it is
categorized mesotrophic to supertrophic level [1]. In July
2017, water level was getting high, it was followed by
increasing diss-TN concentration in nonpermanent zones
(zone 1, 2, 3, 4, 5) as shown in figure.2. The decomposed
aquatic plants and fertilizer residue are supposed
to increase concentration diss-TN in
nonpermanent inundated zone.

contribute
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Figure. 2. Trophic state of Lake Tempe with variable
Total Nitrogen (TN) concentration

Distribution of dissolved Total Phosphorus (diss-TP)
is shown in figure.3. Concentration of dissolved Total
Phosphorus (diss-TP) in permanent inundation zone and
nonpermanent inundation zone was higher than 97 mg/m?,
it indicated Lake Tempe was in hypertrophic category.
Concentration diss-TP increased when water level in
medium level, especially in nonpermanent inundation

Zones.
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Figure 3. Trophic state of Lake Tempe with variable
dissolved Total Phosphorus.

Distribution of concentration chlorophyll-a is shown
in figure.4. Concentration of chlorophyll-a in permanent
and nonpermanent inundation zone was in the range 1.639
—26.109 mg/m3. According to Pavluk and Vaate [1], this
value is categorized in mesotrophic to hypertrophic level.
Comparing the pattern of dissolved TP and chlorophyll-a
in permanent and nonpermanent inundation zone (figure 3
and 4.) showed similar pattern, it indicated source of
dissolved TP originated from aquatic plants and algae in
Lake Tempe.
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Figure. 4. Trophic state of Lake Tempe with
variable Chlorophyll-a

In Lake Tempe, ammonia could be sourced from fishes
Through
mineralization process from those nitrogen sources and

excretion or aquatic plant degradation.

resuspension from sediment to the water, ammonia will be
formed about 45.34 mg/mg/m?/day and resuspension to the
water about 1.29 mg/mg/m?/day, and nitrification is about
39.72 mg/mg/m*/day [3]. High concentration of ammonia
was found in March 2017, in zone 6 (permanent inundation
zone) as shown in figure. 5.
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Figure. 5. Concentration of dissolved N-NHj4 in
nonpermanent and permanent zone
of Lake Tempe

Beside nutrients parameters, transparency (sechi
depth) also could be an indicator for trophic state.
Transparency in Lake Tempe was in the range 9 to 103 cm,
it was categorized hypertrophic to supertrophic, according
to Pavluk and Vaate [1]. Increasing suspended solid,
aquatic plants and algae blooming could decrease
transparency of water.

17th World Lake Conference, Lake Kasumigaura, Ibaraki, Japan, 2018

Based on the pattern of nutrient distribution and
transparency as discussed above, Lake Tempe could be
categorized in eutrophic to hypertrophic state, related to
seasonally change.

4. CONCLUSION

Lake Tempe as a floodplain lake has high nutrient
deposition. Lake Tempe could be categorized eutrophic to
hypertrophic state. This trophic state could not be said
good or poor water quality, it depends on the utilization of
the water. This information can be useful for management
of Lake Tempe. When Lake Tempe will be utilized for
fishery and agriculture, the existing of the nonpermanent
inundation zone should be maintained because here is
valuable zone for fishery as breeding and feeding zone,
also for agriculture as paddy field.
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ABSTRACT
Phosphorus plays a vital role in algal growth, and organic phosphorus is an important part of it. It is of
significance to study the growth and competition by different forms of phosphorus for better
understanding of the difference. From the aspect of organic phosphorus, the PM4A plate (61 forms of P)
was used as experimental P sources in this research. We use the PM4A to cultivate Peridinium
umbonatum var. Inaequale and Scenedesmus bijuga and Distinguish the growth of algal and competition
by different forms of organic phosphorus. In the mono-cultures, there were 12 forms and 21 forms of
organic P could promote the growth of Peridinium umbonatum var. Inaequale and Scenedesmus
bijuga,respectively.Besides,Pyrophosphate, Thiophosphate,Dithiophosphate,0-Phospho-D-Serine,O-Phos
phoryl-Ethanolamine and Thymidine- 5’- monophosphate can promote the growth of two algae. The
utilization of some organic phosphorus (Triethyl Phosphate, O-Phospho-D-Serine) by two algae were
obviously higher than some inorganic phosphorus (Tripoly-phosphate, Pyrophosphate). In the co-cultures,
those who could encourage the growth earlier still showed an acceleration. Compared with mono-culture,
the promotion was more significant. For Peridinium umbonatum var. Inaequale, the promotion was
further enhanced. The effective organic phosphorus promote the growth of Scenedesmus bijuga up to 40
forms. In a word, both of the two algae have a selectivity to utilize different organic phosphorus in the
mono-culture and the co-culture. Peridinium umbonatum var. Inaequale has a better utilization on
nucleotide phosphate and glucose phosphate. While Scenedesmus bijuga has a better utilization on
nucleotide phosphate, amino acid phosphate and phosphoGlyceric acid. Two algae have a higher
bioavailability to organic phosphorus bond C—O—P than C—P. The most significant organic phosphorus
source for the promotion of Peridinium umbonatum var. Inaequale was triethyl phosphate.

1. INTRODUCTION

Inorganic phosphorus and organic phosphorus
are the main types in aquatic ecosystems,
organic phosphorus is an important component
of total phosphorus which exists in the
sediments. Generally, inorganic phosphorus can
be directly utilized by most algae, which is the
predominant bioavailable phosphorus fraction
for the growth of algal®. Researches showed
that alkaline phosphatase hydrolyze some
organic phosphorus, which can be directly used
by algal. Some of algae even had a better
utilization than IP". Those who can use OP
effectively would became the dominant algae
species when P is scare!®!.

There were differences in phosphorus
content in water areas. And the proportion of
organic phosphorus is also different, then
influenced the phytoplankton community
succession. In order to research the growth and
competitiveness of Peridinium umbonatum var.
Inaequale and Scenedesmus bijuga, the PM4A
plate was used as experimental P source. At the

beginning, we used this biolog technology to
cultivate the two kinds algae separately, and
then mixed them together in laboratory. In the
end, the mechanism and effect of algal growth
will be identified. And the results may explain
the influence by different forms of organic P.
What's more, our study may provide a basis to
control and predict the blooms when a
dominant species in eutrophical water.

2. METHOD
2.1 Algal strains and cultivation

Peridinium umbonatum var. Inaequale and
Scenedesmus  bijuga were obatained from
Freshwater Algae Culture Collection of the
Institute of Hydrobi-ology, Chinese Academy of
Sciences (FACHB). Peridinium umbonatum var.
Inaequale ( FACHB-329 ) and Scenedesmus
bijuga (FACHB-76) were cultured in self-made
119 and SE medium ( Appendix 1), respectively.
The algal biomass was kept at 25 °C with a light
intensity of 2000 Lux under a 12/12 h light/dark
cycle in an light incubator until reach the
exponential growth phase.
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2.2 Algae cultivation and experimental
design

Different sources of phosphorus were
purchased from PM4A plate, including 61 kinds
of phosphorus sources (four kinds of DIP). In
super clean bench, adding 200 uL sterile water
into PM4A plate’s micropores to dissolve all
kinds of phosphorus resources as the mother
liquor. Then pack into 0.5mL centrifuge tube,
kept at low temperature after sterilization.
Peridinium umbonatum var. Inaequale was
added in the culture media, which inorganic
phosphorus was not added for 2 days. Shake it
well, and then equal amonts of 150 uL
inoculum were added to biolog plate. After that,
50 ulL of different phosphorus sources was
added on each hole and cultured in the medium

The cell ratio of two kinds of algae is
approximately 50:1, the well density ratio is 1:50.
The cell density was determined using a light
microscope, then follow the concentration ratio
to inoculate Peridinium umbonatum var.
Inaequale and Scenedesmus bijuga. After
shaking well, we added different phosphorus
sources on each hole, which concentration is
same as PM4A plate. Other conditions were the
same as mono-cultures. There are three groups

3. Results
3.1 Growth curve of algal strains under
different organic phosphorus sources

The biomass density of two algal species
varied greatly after 20 days with different
organic P. List of phosphorus sources that
promote algal growth are shown in Fig.1
indicates that the final result of proliferation.
There are 22 forms P sources could promote the
growth of  Peridinium  umbonatum  var.
Inaequale and Scenedesmus bijuga. At the end
of experiment, S. bijuga has higer biomass. The
maximum biomass by Cytidine-
3’-monophosphate is 3.05x10" cells/L.

As for Peridinium umbonatum var.
Inaequale, there are 12 forms of P sources,
which obviously stimulated the proliferation. In
the mixed cultures of P. Inaequale and S.
bijuga (purple parts in Fig.2), Scenedesmus
bijuga has more forms of effective IP than
Peridinium  umbonatum  var.  Inaequale.
Phosphorus source growth factors (GF for short)
niche of two algal strains of were obtained after

for 20 days. At this time, each biolog plate have
200 uL solution. The biomass density is
1.13x107 cells/L.  Detectiving biomass per
day by Microplate reader ( Perlong
DNM-9602) .Scenedesmus bijuga ‘s inoculation
and operation is similar. The initial biomass is
4.45%109 cells/L. All mediums were kept at
25 °C with a light intensity of 2000 Lux under a
12/12 h light/dark cycle for 20 days. In order to
prevent the evaporation from the biolog plate,
two PM4A plates were put on transparent
zip-lock bag and opened in a UV sterilization
stage. The competitive effects of the two
species of algae were made by co-culture
experiments.

in this study. The experimental period is 18 d
and each group has a parallel sample and
samples were collected each 6 days. We used
0.5mL solution and added in centrifuge tube.
Algal cells were fixatived in Lugol's solution
and counted by microscope.(400x magnification,
Motic, BM-1000, Guangzhou).
2.3 Statistical analysis

SPSS 19.0 was used to investigate the
variance and correlation analyses.

dealing with proliferation treatment. Gf reflects
the phosphorus sources that promote the growth
of algae, in which has 17 forms and 6 forms of
phosphorus sources that enhance the growth of
Peridinium umbonatum var. Inaequale and
Scenedesmus bijuga, respectively.  Besides,
there are 6 forms of P sources stimulate them
both.

Compared with inorganic phosphorus,
organic phosphorus had a significant promotion
on algal growth. And the effect of P. Inaequale
is more remarkable. The results showed that
there are 19 forms of organic P that have
promotion on Peridinium umbonatum var.
Inaequale . Including Nucleotide, Glucose, etc..
The most effective types of OP for Peridinium
umbonatum var. Inaequale promotion are
Triethyl Phosphate(gf=3.038). Although there
are few organic phosphorus species promoting
Scenedesmus bijuga growth, the growth
promotion was obvious, which confirmed that
Peridinium umbonatum var. Inaequal could
boom in P-limited environments.
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3.2 Competitive growth of two strains

In the mixed cultures, in the first 6 days of
mixed cultures, Peridinium umbonatum var.
Inaequale had utilized 23 forms of P sources to
promote its growth, which is more 6 kinds than
mono-cultures. There are 22 forms of P sources
that boost its growth, which is more 1 kind than
mono-cultures. There were 8 kinds of
phosphorus sources which promoted the growth
of two algae, which is 2 kinds more than
mono-cultures. In mono-culture experiment,
phosphorus  sources have a significant
promotion on Peridinium umbonatum var.
Inaequale. And the effect is remarkable than
Scenedesmus bijuga. Similar result was also
found in co-cultures. On day 12 in the mixed
cultures, for P. Inaequale, the cell density stared
to decrease compare with the previously. The
biomass density of S. bijuga greatly increased.
The results suggested that Scenedesmus bijuga

could grow in their available phosphorus source.

In the meantime, it also showed that those

5. Conclusions

In this study, Peridinium umbonatum var.
Inaequale and Scenedesmus bijuga were
cultured alone and mixing together with
different organic phosphorus, the following
results are obtained:

In the mono-cultures, both Peridinium
umbonatum var. Inaequale and Scenedesmus
bijuga could utilize organic P for their growth.
Moreover, they show a different P selectively
on different P substrates. There are 12 forms of
DIP and 21 forms organic P could promote the
growth of  Peridinium umbonatum  var.
Inaequale and Scenedesmus bijuga,
respectively. Among them, five of which could
promote the effective growth of the two algae.
Our results showed that the utilization of some
organic P by two species of algae was
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Figure 1. Growth dynamics of Peridinium umbonatum var.
Inaequale and Scenedesmus bijuga with different phosphorus

On the left side of the graph for different organic phosphorus
source list, and the green background was the organic phosphorus
that can significantly promote Scenedesmus bijuga growth,
orange background represents the organic phosphorus can
significantly promote the Peridinium umbonatum var. Inaequale
growth, purple for organic phosphorus two taxa algae can
effectively utilized , frame bar color depth reflect the different
periods of algae cells density.

Phosphorus sources stimulated Peridinium
umbonatum var. Inaequale growth. In view of
the algal growth, it is clear that IP promotion
growth of  Peridinium umbonatum  var.
Inaequale . On day 18 in the mixed cultures
(Fig.4c), Peridinium umbonatum var. Inaequale
had just 27 forms of effective P. But the forms
of P sources to promote P. Inaequale growth
have increased by 10 than mono-cultures. The
forms of valid P for Scenedesmus bijuga had
risen to 40. A greater cause for two algae is that
the increase of P sources. For instance, there are
22 forms of P sources stimulatory effects on
two kinds of algal growth, which has almost
quadrupled than mono-culture. As the culture
continues, significant difference was showed in
algal growth between different forms of P
source. For example, Scenedesmus bijuga had
declined in Triethyl Phosphate’culture, whereas
P Inaequale was promoted. Meanwhile, the
growth of S. bijuga was promoted whereas P,
Inaequale growth was depressed in B-Glycerol
Phosphate (gf=1.50) .

obviously higher than some inorganic P .

In the co-cultures, the promotion effect
of different organic phosphorus on the two
algae was more significant. For Peridinium
umbonatum var. Inaequale, the promotion was
enhanced, while increasing the effective types
of organic phosphorus on Scenedesmus bijuga‘s
growth. Peridinium umbonatum var. Inaequale
has a better utilization on nucleotide phosphate
and glucose phosphate. Two forms of algae
have a higher bioavailability to organic
phosphorus bond C—O—P than C—P. The most
significant organic phosphorus source for the
promotion of Peridinium umbonatum var.
Inaequale was Triethyl Phosphate, which
indicates that Peridinium umbonatum var.
Inaequale has a specificity of utilizing triethyl
Phosphate.
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ABSTRACT

Lake Lanao is the second largest lake in the Philippines, and is of great biological, ecological, economic and social
importance. Since the first studies by Frey and Lewis in early 70s , various changes have occurred. Thus, this study
sought to assess the water quality and make a determination of the trophic status of Lake Lanao during the period
June 2016 — February 2017. An offshore station was chosen to represent the lake. The Secchi disk depth was taken
while measurements made for conductivity, dissolved oxygen, pH, and temperature. Water samples were collected,
kept in a cooler, and analyzed in lab for nutrients (nitrate-N, ammonia-N, total phosphorus), alkalinity and
chlorophyll-a. Dissolved oxygen value showed no lack of oxygen for use of the lake organisms. The values for the
other parameters showed good water quality and were in the range for that of a healthy lake. Based on the table
prepared by Brown and Simpson, and trophic status index (TSI) based on the equations formulated by Carlson gave
values equivalent to an oligotrophic-mesotrophic lake. Lake Lanao is trending towards eutrophication, which is a
natural process in many freshwater ecosystems as they age. However, since human-caused nutrient loading can
accelerate this process, cultural eutrophication can be controlled by community and management practices in the

catchment basin that will restrict the input of pollutants into the lake.

1. INTRODUCTION Thus, this study sought to assess the current status of
the usual water quality parameters and determination

Lake Lanao is the second largest lake in the Philippines
of the trophic status of Lake Lanao.

and is wholly located within the province of Lanao
del Sur. It has great biological, ecological, economic 2. METHODOLOGY
and social importance — as the seat of evolution of an
endemic species flock of cyprinids, as a sizable
contributor to the local hydrologic cycle, as the
source of water supply driving the Agus hydropower
plants, and as the center of life and culture of its
native inhabitants - the Maranaos who call
themselves the “People of the Lake.” The first
extensive limnological study of Lake Lanao was
done by Frey’. This was continued by Lewis with his
more in-depth field work performed in 1970-71°.
Since these first studies, various changes have
occurred such as that affecting the natural variation
in the outflow of Lake Lanao due to the construction
of a hydropower plant near the mouth of Agus River, All values are mean of measurements from the top 5 m,
its single outlet, which started operation in 1992.
Some unusual phenomena, such as the occurrence of

A sampling station was selected offshore at a deeper part
of the lake which alternated between three locations
in order to represent the lake. See Figure 1. Field
measurements and collection of water samples were
done five times over the period from June 2016
through February 2017. Field measurements were
done for Secchi disk depth, conductivity, dissolved
oxygen, pH, and temperature’. At the same time,
water samples were collected for laboratory analyses
of nutrients (nitrate-N, ammonia-N, total phosphorus),
alkalinity and chlorophyll-a.

3. RESULTS

unless otherwise indicated.

a fish kill, diagnosed as epizootic ulcerative Table 1. Secchi disk depth, temperature, and chemical

syndrome, occurred in 1997° and an unusual factors in Lake Lanao.

greening occurred in September 2006°. These Physical | 27 14 15 19 26

unusual occurrences point out the need for a regular factor/ June Sep Nov | Dec Feb
Chemic | 2016 2016 2016 | 2016 | 2017

periodic assessment of the water quality of the lake.
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al factor | Tugay | Tugay | Tarak | Tarak | Masiu
a a a a Offsho
Offsho | Offsho | Offsh | Offsh | re
re re ore ore

Secchi 4.5 5.2 6.0 6.6 3.5

depth, m

Temper | 28.0 27.6 27.7 26.4 25.6

ature, °c

Mean,

top S m

Mean, 27.7 27.5 27.2

28-32m

Dissolve 7.3 7.7 6.4

d (Surfac

oxygen, e only)

ppm

Mean,

Top 5m

Mean, 7.6

28-32m

NO3-N, | 0.0257 | 0.0257 | 0.017 | 0.021 | 0.029

ppm

NH3-N, | 0.0673 | 0.0947 | 0.093 | 0.088 | 0.0883

ppm 3 3

Total P, | 0.0377 | 0.035 0.030 | 0.032 | 0.0197

ppm 3 3

Chl-a, 1.3937 | 0.8136 | 0.565 | 0.678 | N.d.

mg/m’

pH 8.4 8.6 9.0 8.0 7.9

(surfac
e)

Alkalini | 497 500 680 623 600

ty, ppm

CaCO3

EC, 0.102 | 0.114 | 0.078 | 0.108 | 0.130

mS/cm

1 ppm = 1 mg/L = 1000 pg/L = 1000 mg/m*

Table 2. Comparison of Lake Lanao values with Brown

and Simpson' to give lake classification.

Variable Lake Lanao From Brown
values and
Simpson,
Table 1
Secchi depth, m
Mean 5.14 4.2
Range 35-6.6 1.5-8.1;
Mesotrophic
Total Nitrogen, (Nitrate- +
pg/L Ammonia-N) 660
Mean 110 310-11600;
Range 93 -120.4 Oligotrophic
Total Phosphorus,
pg/L 31 27
Mean 19.7-37.7 11 -96;
Range Mesotrophic
Chlorophyll-a,
pg/L 0.8626 1.7
Mean 0.565-1.3937 | 0.3 -4.5;
Range Oligotrophic
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ua0 del Sur and

n ph maps )

Figure 1. A map of the Philippines to show the
location of Lake LLanao and a map to show the

three locations of the sampling station.

4. DISCUSSION

The values of various physical and chemical parameters
of Lake Lanao follow those quantities usually
obtaining in most nonpolluted lakes. Secchi depth
ranged from 3.5 m to 6.6 m. Dissolved oxygen at the
top 5 m was nearly saturated, indicating that there was
no lack of oxygen for organisms in the littoral and
limnetic zone. Similar to the pH of most natural waters
that is between 6.5 and 9.0, Lake Lanao pH ranged
from 7.4 to 9.0. Conductivity generally ranges between
10 and 1,000 pS/cm in most rivers or lakes that have
outflows, such as Lake Lanao. Alkalinity values reflect
a good buffering capacity of Lake Lanao. Comparing
the inorganic nitrogen and total phosphorus levels in
the lake show a nitrogen limitation for algal growth.
The trophic state of a lake describes its productivity,
i.e., how much algal biomass it contains, and consists
of three categories as the lake becomes greener or
more productive: oligotrophic, mesotrophic, eutrophic.
Referring to the table prepared by Brown and Simpson,
Lake Lanao is oligotrophic-mesotrophic. The trophic
state index based on the equations formulated by
Carlson’ further affirm the trophic status of Lake
Lanao as oligotrophic-mesotrophic.

5. CONCLUSION

The values for various physical and chemical
parameters of Lake Lanao showed good water quality
and were in the range for that of a healthy lake. It is
nevertheless trending towards eutrophication, which is
a natural process in many freshwater ecosystems as

they age. However, since human-caused nutrient
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loading can accelerate this process, cultural
eutrophication can be controlled by community and
management practices in the catchment basin that will

restrict the input of pollutants into the lake.
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ABSTRACT

The study was undertaken in Kisumu bay, Lake Victoria with objectives to determine water quality status, pollution levels
and impacts on lake waters. Parameters were analyzed using APHA method. Relationship between phytoplankton counts,
nutrients and physicochemical parameters was statistically determined.

River Kisat depicted poor water quality with mean DO 1.4 mg/l, Conductivity 844 uscm™ and BOD 228 mg/I. Nutrients
were high with mean TN ranging 0.807 + 0.170 mg/I to 5.390 + 0.413 mg/l, while mean TP ranged 0.088 +0.010 to 0.317

+ 0.039 mg/l. Mean (NOs3-N) and (PO4-P) was 0.055 + 0.048 mg/l and 0.054 + 0.042 mg/I respectively. Phytoplankton
taxa, Cyanophyta, Chlorophyta, Bacillariophyta and Pyrrophyta were identified, with 20 identified algae species.
Chlorophyll “a” concentration was high 0.308 + 0.085 mg/ 1. Positive correlation was observed on nutrients and
phytoplankton densities with significant (r = 0.918) between phytoplankton counts and TP. TN: TP > 12, indicating that

P was the nutrient limiting factor. Transparency was low 0.47 £ 0.09 m. T P and TN mean values 0.188 and 2.946 mg/I
were beyond upper limits given by OECD of 0.02 mg/l and 0.2 mg/1.

Therefore, as a result of pollution from River Kisat, the elevated nutrients, low transparency, increased blue green algae and
water hyacinth in Kisumu bay is a sign of water quality deterioration and a water mass undergoing eutrophication.
Mitigations recommended included rehabilitation of Kisumu Municipal waste treatment plant, effecting sustainable water

quality monitoring programme and enforcement of existing pollution control laws.

INTRODUCTION

Eutrophication is the biological response to excess nutrients
input to a lake. It refers to nutrients enrichment and is
associated with increased primary productivity. The term is
synonymous with increased proliferation of phytoplankton in
the lake. Warm tropical lakes are more severely affected
than colder water counterparts in temperate regions, because
of high temperatures accelerating growth of phytoplankton
(Jorgensen and Vollenweider, 1989).

According to LBDA (1997), Lake Victoria which is the
second largest fresh water lake in the world with a surface
area of 68,800km’ contribute significantly towards ecological,
biophysical and socio economic development along its
shoreline, within its basin as well as the livelihood of

communities far and beyond its catchment area. It is lifeline

to the riparian for food, hydropower generation, transport,
tourism, water supply for domestic, agricultural and
industrial use, waste water disposal, recreation, and
biodiversity conservation.

There has been momentous rise in human population and
industrial development in major urban centres near the lake
including Kisumu town. Rapid industrialization and

urbanization with overstretched sewage system has greatly

contributed to the lake pollution.

Study area :Kisumu bay which lies in longitudes - 33°
20' East and 35° 20' East, latitude - 0° 20' South and
0°50' south is within Winam Gulf of Lake Victoria.

The study area is within Kisumu town with a
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population of about 500,000 people. Kisumu is the
biggest urban centre in western Kenya with
commercial enterprises, industrial area and urban
estates. River Kisat which flows into Kisumu bay
receives effluents from Kisumu Municipal
convectional treatment plant & industrial area and
slum area at its upstream.
Overall project objective: To determine water
quality status, and effects of pollution on Kisumu bay
waters.
Specific Objectives

i.  To determine water quality of river Kisat.

ii. Determine  physical parameters and
nutrients levels, their relationships with
phytoplankton population and impacts on
Kisumu bay waters.

iii. ~ Compare water quality with other parts of
the lake and recommend abatement
measures on pollution control.

PROJECT RESEARCH METHOD.

Lake sampling stations were accessed by use of boat.
A line transect was used to provide for systematic
random sampling, where GPS was used to mark
sampling stations. The 6 sampling stations were 1.2
km apart covering total distance of 6 km along the
bay from Kisat river mouth. Samples were collected
for five consecutive months — Jan, Feb, Mar, Apr,
and May 2009.The hydro lab surveyor machine was
used in measuring physico — chemical parameters in
situ.  Nutrients were analyzed in the laboratory
using procedures by APHA (1992).

Data was subjected to statistical analysis for and
trends and distributions were presented, in form of
tables, histograms, graphs and pie charts. Regression
analysis was done to determine correlations
between different variables

RESULTS AND DISCUSSION

Secchi depth, PH & DO showed increased values from
station A to F- while TDS, TURB, TP, TN, NO; - N,
NO,-N, NHs-N and Chl “a” depicted reducing trend
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from station A to F. Except for PH of 7.9, most
parameters in River Kisat didn’t meet national standards,
WHO and conditions of aquatic life. There was low D.O
1.4 mg/l and high BODs of 228mg/l measured, reason
being poor state of Kisumu Sewage Treatment Plant.

Mean values of physical chemical parameters in Kisat river

Paramet Cond(psem TDS(mg TUR(
er D ) NTU)
Mean 844 418 23.4

Out of the 20 phytoplankton species identified, 4 taxa
were established namely,Cyanophyta with 10 species,
Chlorophyta 5 species, Bacillariophyta 4 species and
Dinoflagellates 2 species .

All nutrients portrayed the same trend, of general decrease
in concentration, from station A to F. Concentrations of
chlorophyll ‘a’ decreased from 0.471 mg/l at station A to
0.228 mg/1 at station F. The levels of NO3;-N and PO,-P were
relatively high at station A, 0.158+0-026 mg/l and
0.147+0-057 mg/l respectively.  These concentrations
dropped drastically at station F, 6 km away. The mean value
of TN was 2.946 + 1.769mg/l, while TP was 0.188 +
0.085mg/l. The mean values of ammonia, ammonium and
nitrite concentrations were 0.025 + 0.019 mg/l, 0.178 =+
0.032mg/1 and 0.007 + 0.004mg/1 respectively. Nitrite levels
were found to be very low compared to nitrate within the
study area. Regression between chlorophyll “a” and other
variables was carried out and showed, PO,4-P (r = 0.948), TP
(r =0.929), TN (r = 0.912) and phytoplankton counts (r =
0.422). Chl “a” was negatively correlated with secchi depth
(r=-0.838) and DO (r =-0.951).

Transparency mean value was 0.47m. Njuru &Hecky (2005)
observed 0.7m in Winam Gulf and 2.3m in the open lake.
Transparency is influenced by suspended matter, silt, clay &
plankton. Sedimentation and reduced phytoplankton
densities caused increased transparency as flow moves
towards open lake. Njuguna (1985) and Lung’ayia et al
(2000) observed declining transparency in the lake.

Average DO was 5.83 mg/l. Low conc. in station A (river

mouth) was due to organic matter decomposition &



biodegradation. As DO usage decline due to biodegradation,
DO measurements improve. Upwelling help in oxygenation
hence increased DO. at station F. DO conc. below 2 mg/l may
lead to fish death (UNESCO / WHO 1992).

High PO,-P and TP at station A was due to high phosphorous
loading from river Kisat. High TP could be caused by
external loading, internal loading from bottom sediments,
waste water from nearby beach hotels & vehicle washing.
Upwelling makes PO,-P available at hypolimnion for use by
phytoplankton (Tilzer 1990). Njuru & Hecky (2005) noted
same range of PO4-P & TP as study found. Chl “a” mean
levels was 0.308 mg/l mainly caused by elevated nutrients
and high illumination. Positive correlation between chl “a”
and other key nutrients supports hypothesis that nutrient
enrichment is synonymous with increased biota. Obtained
values compares well with LVEMP (2000) findings for
Mwanza bay (0.172mg/l) and Murchison bay (0.300mg/1).
Chl “a” conc. and increased biomass in tropical lakes is
fanned by high temp, abundant light & high photosynthesis.
TN:TP  mean ratio of 13.15 was beyond Meybeck et al
(1989) ratio of 7:1 typical of organic matters in aquatic plants
thus if N:P>7, P is limiting factor while if N:P< 7, N is
limiting factor. Results concur wilt Forsberg (1978), that if
N:P>12 then P is the limiting factor. Reason for P being
limiting factor is, naturally occurring in low quantities,
readily uptake by phytoplankton, and being held by bottom
sediments. TN and TP exceeded boundary values for
eutrophication by OECD (1987) of 0.2mg/l and 0.02mg/1 and
Volleinweider (1968) of 1.5mg/l and 0.1mg/I respectively,
strengthening the position that the lake is eutrophic.

The above findings mirror on previous studies which
revealed elevated sediment loads, nutrients, biomass, algal
blooms, and proliferation of the water hyacinth. These are
indicators and manifestation of water quality deterioration
and a water mass undergoing eutrophication ( Talling 1966,
Njuguna 1984, Mavuti 1987, Calamari ef al 1995 and Njuru
and Hecky 2005). Studies have also shown water quality
changes as a contributing factor behind fisheries biodiversity

and stock decline. These changes are profound in Winam
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Gulf which is a recipient of high loads of river, industrial and
urban pollutants.
CONCLUSION & RECOMMENDATIONS
Study concluded that pollution and eutrophication are a
major threat to Kisumu Bay waters. Pollution is as a result
of effluent, laden with nutrients, organic and to some extent
sediment pollution loads. Nutrient and algal biomass are
predicted to increase with time and aggravate the situation.
It is envisaged that eutrophic waters will impact negatively

on the lake ecosystem, utilization potential and the livelihood

of the basin communities.

Recommendations: There is need to support and effect a
multi institutional water quality surveillance programme as a
tool for water quality and environmental management. The
Kisumu Municipal conventional waste treatment plant be
rehabilitated and maintained in working conditions and
regulatory authorities NEMA and WRMA ascertain that
effluent released comply with stipulated discharge standards.
Comprehensive studies be undertaken on nutrient budget
modeling to assess and quantify nutrient inputs into the bay,
investigate internal nutrient loading; estimate amounts taken
up by plankton and quantities settling in bottom sediments.
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ABSTRACT

Ho Tay (West Lake), a more than 500 hectares natural lake is located in the Western of Hanoi Capital, Vietnam. The lake
has played very important role in ecosystem services for the city in the past, present as well as in the future.

After over a half century, flowing with the history of Vietnam, the management of West Lake could be divided into 3
periods: 1) from 1954 — 1975: war for reunification of the country; 2) 1975 - 1986: socio-economic development after the
war and; 3) 1986 — up to date (2017): “Open the door” or “Renovation” which lead to rapid urbanization of Hanoi Capital.
Despite of many efforts in management have been undertaken, in comparison with the 1st period, our research analysis

showed that in the 3rd period, water quality has been polluted, and biodiversity has been degraded seriously. Two hundreds
of tons of fishes and aquatic animals were died suddenly in October 2016!
This paper will touch upon the experiences and lessons learned after a half century in management of West Lake toward a

better conservation and management of West Lake.

1. INTRODUCTION

West Lake (Ho Tay) with a surface area of over 500ha is
one of four important natural lakes in Vietnam. West Lake
is located in the center of Western part of Hanoi city. The
lake contributes many important ecosystem services for
the city in the past, present and future (Mai & Mai, 2014).

Limnology aspects was studied in 1961. Since then, there
have been many surveys on water qualities, aquatic
biodiversity and management carried out regularly in the
West Lake.

After a half century of management, the lake has been
greatly impacted by nature as well as people. Nevertheless,
lessons learned on management and conservation means
for the lake, as well as the status of water qualities,
biodiversity, legislation and ecosystem services (ES) of
West Lake, have not been overviewed and analyzed.

2. RESEARCH METHODS

This scientific paper overviews and synthesizes related

scientific papers from our and colleagues studies.

3. RESULTS

3.1. West Lake ecosystem services play different
important roles in over 50 years

West Lake is located at 21°04’N and 105°05°E on an
elevation of less than 10m a.s.l. The catchment has an area
of 9,3km? (Bui, 2014). The surface area of the lake is

519.75 hectares (2014) which formed as horseshoe shape
and is one of the largest natural lakes in the Red River

Delta. The lake originated as a segment of the Red river
but not connected with the river by any canal presently
(Tay Ho DPC & WMA, Survey, assess water quality,
ecosystem and propose wise used methods of West Lake,
2012).

West Lake receives the water from precipitation (around
2000mm/year) within its catchment and waste water from
surrounding human settlement (Tay Ho DPC & WMA,
Survey, assess water quality, ecosystem and propose wise
used methods of West Lake, 2012) . The lake is connected
to the neighboring Truc Bach Lake (which is 20ha in
surface water). Lake water level changes are correlated
with the fluctuation of Red River but amplitudes are small.

Over a half century, flowing with the history of Vietnam,
which can be divided into 3 periods:

- From 1954 to 1975: War for reunification of the country;

- From 1975 to 1986: Socio-Economic development after
war; and

- From 1986 to 2017: “Open the door”, “Renovation”,
“Socialist-oriented market economy”. This period is
marked as “rapid urbanization”. At present, Hanoi has
approximately 9 million of habitants.

The West Lake has been contributing to the development
of the city through its ES. However, the ESs play different
role in each periods, particularly for the 1st and the 3rd
ones. In the 1st period, the provisioning and regulating and
supporting services were the main contribution to Hanoi.
At that time, the lake provided fishes, shrimps, water
snails, clean and fresh water and regulating flood water for

1133



17th World Lake Conference, Lake Kasumigaura, Ibaraki, Japan, 2018

Hanoi. In the 3rd period, due to the lack of management
and failed utilization, the provisioning and regulating
services were decreased. The quantity and quality of food
productions had been significant reduced, the water was
contaminated, the surrounding environment was polluted;
flood control function was decreased due to the depth of
sedimentation increased year by year. In the third period,
the culture and supporting services of West Lake are
raising due to high demand from human and nature. West
Lake become the destination for many local communities
and visitors from the capital city and other provinces,
especially during the hot summer days as well as holidays.
3.2. Current status of water qualities, biodiversity,
legislative aspects of West Lake

- Water qualities: The water quality is being decreased
through the years (Table 1). In 1961, the Dissolved
Oxygen (DO) was 5,15mg/l, but in 1995 and 2012 it
decreased to 4 and 3,1 mg/l respectively. The amount of
Ammonium was raising from trace to 2 mg/l during 1961
to 2012. Two other parameters like Biochemical Oxygen
Demand (BODs) and Chemical Oxygen Demand (COD)
which illustrated the contaminated of the water were
increased from 21,19 to 187mg/l (BODs) and from 10,1 -
370 mg/1 (COD).

Table 1. Water quality of West Lake in 1961, 1995, 2012

Parameter 1961 1995 2012
pH 7,4-8,0 6,5-8,5 6,9-9.8
DO (mg/1) 5,15 4 3,1
Cl" (mg/l) 49,5 42 - 63 -
NH4 " (mg/l) trace 0,37-0,8 0,5-2
PO4* (mg/l) 0,71 0,5-3,0 0,67 - 1,04
BODs (mg/l) 21,19 39 -48 16-187
COD (mg/l) - 10,1 - 40 29 -370
SS (mg/l) 60 - 130 75 -225 8,6-147,3

Source: (Mai, Dang, Pham, & Dao, 1961), (Mai, 1995), (Tay
Ho DPC & WMA, 2012) (Le, Mai, & Trinh, 1995). Note: -
no information

- Water depth and sediment depth: After a half century, the
West Lake’s water level getting shallower. In 1961, the
deepest point was 3,5 meters but in 2012 it was only 2,5
meters, the depth of sludge/ sediment was raised from 0,5
meter in 1961 to 1,5 meter in 2012. It is because of a large
amount rubbishes and untreated sewage, surface run-off
pouring into the lake in decades.

- Heavy metals chemical composition of mud layer: The
heavy metals in the sludge layer and water will be
accumulated into zoobenthos, mollusks, water snails,
clams, fishes in the lake while many kind of fishes, clams
have been harvested for food. The amount of heavy metals
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in table 2, shows that sediment parameters increase from
1,37 up to 30 times.

Table 2. Sediment Chemistry of West Lake in 2001 and 2014

Sediment parameter | 2001 2014

As (ppm) 17 5,21 - 23,44
Cd (ppm) 0,7 1,53 -5,72
Hg (ppm) 0,12 1-3,6

Cu (ppm) 6 46 - 128,8
Pb (ppm) 22 40 - 204,35
Zn (ppm) 38 100,59 - 503,33

Sources: (Wong, Le, Tran, Nguyen, & Easton, 2001), (Bui,
2014).

- Aquatic biodiversity: Almost aquatic plant species were
removed from the lake. As to algae, the number of
Bacillariophyta division is decrease, whilst Euglenophyta
and Cyanobacteria are increase in number, which indicate
the water become eutrophicated. Fish species was
increasing in number, however, almost of them are
invasive alien species (which due to intensive aquaculture
practices in 2™ and 3™ period) and become dominated in
the fish group of the lake presently (Table 3).

Table 3. Number of fish species in 1961 and 2017

1961 2017
No. Fish family : :
22 species 47 species

1. Engraulidae - 1

2. Cyprinidae 14 26
3. Cobitidae 1 1

4. Bagridae - 1

S. Loricariidae - 1

6. Siluridae - 1

7. Clariidae 2 2

8. Adrianichthyidae - 1

9. Hemiramphidae - 1
10. | Synbranchidae 1 1
11. | Mastacembelidae - 1
12. | Cichlidae - 2
13. | Eleotridae - 1
14. | Gobiidae 1 3
15. | Anabantidae 1 1
16. | Belontidae - 1
17. | Channidae 2 2

Source: (Mai, Dang, Pham, & Dao, 1961), (Tay Ho DPC,
2017)

- Legal management documents and activities: the city
authorities deliberated many decrees as well as activities
aim to conserve biodiversity, control water quality, and
protect natural environment of the lake. However as
assessed, there are still many limitation and challenges.
The local communities have not been involved much in



lake management and conservation activities. Street
vendors, visitors are still pouring waste water, throw
rubbish on the lake shore and in to the lake. Consequently,
water quality is getting worse and worse, natural species
was decreased in number, habitat for native and migratory
species, including birds was degraded. An example for that
is over 200 tons of fish was died out from October 1 - 4,
2016 due to water pollution.

3.3. Lessons learned from management of West Lake:
Science -Technology and Policy — Legislation aspects

Science — Technology

- Rubbishes and untreated sewage, sediment from
surface run-off caused the raising of sludge and fill up
West Lake in decades.

- Development of intensive aquaculture lead negative
impacts to the native aquatic biodiversity. Introduction,
dominating of many invasive alien fish species
increases the competition with the native species.

- Remove almost of the aquatic plant species reduced the
capacity in natural purification of the lake and facilitate
the development of phytoplankton.

- Overexploitation and over harvesting threaten many
native commercial fish and invertebrate species
(shrimps, clams, snails).

- Habitat for native and migratory bird was destroyed
due to lack of appropriate management means and
activities.

Policy — Legislation
- Deliberate too many legal documents, but rather weak
in implementation and enforcement.

- Lack of cross-sectional responsibilities and resources.

- Community participation and involvement are still
minor.

- In order to maintain the ecosystem services and wise uses
of the West Lake, comprehensive and ecosystem-based
approaches need to be considered and applied to avoid the
above lessons in restoration and better management of the
West Lake.

4. CONCLUSION

West Lake is one of the largest natural lake in Hanoi capital
city, Vietnam. In ecosystem services, the lake plays
important and different roles in the development and
resilience of the city.

Although a number of means and activities have been
applied and conducted, water quality of the lake is still
polluted, biodiversity is decreased.

Though experiences and lesson learned in management
and conservation during the past decades, comprehensive
and ecosystem-based approaches are recommended to
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apply for the conservation and management of West Lake
(Ho Tay).
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