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ABSTRACT

This study was conducted to probe the stakeholders’ perception based on their socio-economic characteristics of stress

exerted to the regulating services provided by Baloi Lake and its impact to the respondents’ health employing structured
interview technique. Study results showed that most of the respondents are young, having blue collar job, and an old time

resident in the area. They have low weekly income, who reached high school level/graduate, and residing near the

lakeshore. Most respondents perceived regulating services as degraded. There existed direct relationship between the
respondents’ residency years in the municipality and pollution absorption by wetland perception. Also, a direct

relationship is observed between their perception of impact on the respondents’ health and the distance of their residence

to the lakeshore.

1. INTRODUCTION

Ecosystem services are defined as the benefits that people
acquire from ecosystems and the direct and indirect
contributions of ecosystems to human well-being
(Grizzetti et al., 2016; Alassaf et al., 2014; Millennium
Ecosystem Assessment (MEA), 2005; Guerry et al,
2015).

Crucial aquatic ecosystem services such as in lakes
include fish production, water provisioning, and
recreation, and key ecosystem services connected to the
hydrological cycle e.g. water purification, water retention
and climate regulation. Most of these water related
ecosystem services can be quantified and directly
appreciated by people (Alassaf et al, 2014).
Understanding the connections between the natural and
socio-economic systems can lead to improved and more
sustainable management of ecosystems. In order to frame
and craft appropriate policies and management plans that
will address environmental problems and maintain
ecosystem health, together with sustainable livelihood,
ecosystem analysis should include aspects related to
human behavior, activities, and perceptions.

Studies (cf. Alassaf er al., 2014; Cooper et al., 2016;
Pandeya et al., 2016; Reynaud and Lanzanova, 2017;
Quintas-Soriano et al., 2016; David Allan et al., 2017,
Guerry et al., 2015) on ecosystem services have been
undertaken around the globe. However, very few, if not
none at all, has been done on Philippine lakes, much
more in Baloi Lake. Thus, this study was conducted. The
socio-economic characteristics of the respondents were
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profiled to determine if they influence the respondents’
perception on the ecosystem services provided by Baloi
Lake and its impact on human health.

2. METHOD

This study was conducted in Baloi Lake, Baloi Lanao del
Norte (Fig.1a and 1b). This man-made impoundment was
built as Corporation’s Agus IV
Hydroelectric Power Plant reservoir. Lying at latitude
8°7'39"N and longitude 124°11'55"E, Baloi Lake has
been the water source, both for domestic use and

National Power

agricultural purposes, source of freshwater fish for human
consumption, and hydropower for Mindanao and some
part of Visayas.

Fig. 1a. Map of Lanao del Norte (center map) showing
the Municipality of Balei. Map of the Philippines
(inserted lower map) and neighboring countries
emphasizing Mindanao I[sland (red pointer). Map of
Mindanao (inserted upper map) where the Province of
Lanao del Norte is situated (red pointer)
(http:/‘newspecojon.org).

Fig. 1b. Map of Baloi Lake showing the
three barangay sampling sites.

This descriptive-correlational research used respondents
who were locals residing in the three barangays (i.e.,
Matampay, Abaga, and Nangka) located along the lake



shore. Forty (40) respondents were subjected to the
structured interview.

The data collected in the study was analyzed using Systat
version 13.1 and the statistical tools employed are: 1.)
Descriptive statistics and 2.) Multiple linear regression.
The H, states that there is no relationship between the
compared variables. The significance level is set at 0.05.

3. RESULTS
The  respondents’ characteristics

frequency is graphically presented in fig. 2. As reflected,
most of the respondents are young (65%), having blue

socio-economic

collar job (fisherman or unemployed), and an old time
resident in the area (15 to above 25 years residency).
They have low weekly income (65%), who reached high
school level, or high school graduate (62.50%), and
residing near the lake shore (57.50%).
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Fig.2. The frequency distribution of the respondents®
socio-economic characteristics

Table 1 reflects the summary statistics of the respondents’

socio-economic characteristics.

Table 1. The summary statistics of the respondents®
socio-economic characteristics

Socio-economic N Mean Eange cw
charactenstics
Age 40 | 333=113 | 19-61 | 33.70
Work 40 3313 1-3 46.88
Number of years 40 2808 14 3133
living in the
municipality
Weekly income 40 63518 3-11 2796
Educ. attainment 40 4.6=1.3 3-7 3423
Distance ofresidence 40 2306 2-5 2717
fromthe lake

The respondents’ perception on the lake regulating
services and the impact on human health is graphically
presented in figure 3. Most of them perceived regulating
services as degraded. However, these environmental
degradations were moderately affecting them, their
families, and the municipality.
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Fig. 3. The respondents® perception on the regulating
services and the impact to their health

The summary statistics of the respondents’ perception on
the regulating services and the impact to their health is
revealed in table 2.

Table 2. Summary statistics of the respondents’ perception on the
regulating services and the impact to their health

Rangelzgend [-I1ot sodegradad (aven with some improvemeant of the river), I-TTot
degraded, 3-Neutral, 4-Moderately depraded, 5-Strongly depraded

Fegulating Services N Mean Eange oV

a. Biodiversity, foodchain,
plant and amimalhabitats 40 ) 2.83=0.81 14 2878

b. Climate moderation 40 | 35372050 34 14.00
c. Pollution absormptionby 40
wetlands 295055 24 1872

d. Drought mitigation 40 | 3.38=0.31 34 14.00

Rﬂn:ga Tegend |- Not muchaffzcted I-Modemtaly Alfacted I-Tautel, 4-Affactad -
Very much affectad

Humanhealth impact N Mean Range oV
a. Resident 40 | 2480351 23 2036
b. Family 40 | 231050 2.3 2043
c. Municipality 40 | 243050 13 20.64

Table 3 revealed the respondents’ socio-economic
characteristics relationship with their perception on the
regulating services. As shown in the table, a direct
relationship  (p<0.05) is observed between the
respondents number of year residency in the municipality
and their perception on pollution absorption by wetlands.
The rest of the compared data did not yield relationship
(p>0.05).

Table 3. Multiple linear regressions between the respondents®
socio-economic characteristics and their perception on the
regulating services (i.e. A- Biodiversity, food chain, plant
and animal habitats, B. Climate moderation, C. Pollution
absorption by wetlands, and D. Drought mitigation)

Fegulating services
Soclo-economuc A E C D
characteristics
Age 0282 | 064 049 0.76
Occupation 068 | 026 029 0.75
Number of vears iving in the | 0.07 | 011 | 0.01%* | 038
municipality
Weekly ncome 006 | 064 077 0.70
Educational attamment 033 058 048 096
Distance of residence from | 031 009 0.08 048
the lake

** highly significant at I%
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The relationship between respondents’ socio-economic
characteristics and their perception of impact on their
health is shown in table 4. As reflected in the table, no
relationship (p>0.05) is observed between the compared
variables except between their perception of impact on
respondents’ health and their residence distance from the
lake (p<0.05).

Table 4. Multiple linear regressions between the respondents’
socio-economic characteristics and their perception of
impact on their health (i.e. A-. Respondent’s health,

B- Respondent’s family health, and
C- Municipality’s health

Socio-sconomic Impact on Human health
charactenstics A B C
Age 0.30 0.06 0.33
Occupation 097 0.09 0.18
MNumber ofresidency years 042 0.76 0.24
Weekly income 077 062 0.28
Educational attamment 023 0.70 0.29
Distance ofresidence fromthe | 0.01%* 024 0.21
lake

**highly significant at 125

4. DISCUSSION

Amongst the respondents’ socio-economic characteristics,
only their length of residence in the area was directly
related to their perception on lake regulating service of
pollution absorption by wetlands. That is, the greater the
years that they resided in the area, the more that their
perception of the pollution absorptive capacity by the
lake as being greatly degraded. It is expected that the
longer the respondent resided in the lake area, the more
that he would be aware of the lake characteristics, that is,
the lack of shoreline vegetation that can function for
pollution absorption.

Lakes can have an impact on human health in relation to
their being used as a water source, and being a source of
pollution itself due to excessive quantities of
decomposing aquatic vegetation, and the like. Amongst
the respondents’ socio-economic characteristics, only the
distance of their residence to the lake showed a direct
relationship with their perception on the lake’s impact to
human health. It is expected that the respondent residing
near the lake would observe better some aspects of the
lake that he thinks can affect his health. In Baloi Lake,
the practice of the National Power Corporation is to
harvest the massive amounts of floating water hyacinth
and dump these hyacinths onto the shoreline. These
rotting hyacinths give a foul odor most discernible to the
near-shore residents. They have interpreted this foul odor
as having a great impact on their health, which explains
the observed relationship.

5. CONCLUSION

In conclusion, the theoretical perspective which states
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that the respondents’ socio-economic characteristics
influence their perception on regulating services and
impact to human health is partially supported by this
study. This is evidenced by the direct relationship
revealed between residency years in the municipality and
pollution absorption by wetlands perception. Also, direct
relationship is shown between their residence distance
from the lake and their perception of impact to their
health. Other did not yield
relationship.

compared variables

To provide further credence to the findings of this
research, replication studies should be conducted in lakes
found in the provinces of Lanao del Sur and Lanao del
Norte i.e. Lakes Lanao, Dapao, and Nunungan.
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Environmental condition, distribution, and structure of aquatic plant
communities of the rivers and irrigation channels around

the Lake Suwa, Nagano Prefecture, central Japan

Tomo Fukumura' and Kumiko Okubo'

1 Faculty of Agriculture, Shinshu University
b

Keywords: endangered species, invasive alien species, aquatic plant, Lake Suwa, irrigation channel

ABSTRACT

Latterly, the loss of biological diversity of aquatic plants has become an important issue by water pollution
and development in the Lake Suwa. For the conservation of the aquatic plant communities, it was necessary
to grasp the condition of the rivers and irrigation channels around this lake, but there was little knowledge.
Therefore, the purpose of this study was to know the environmental condition, distribution, and structure
of aquatic plant communities of the rivers and irrigation channels around this lake to conserve particularly
these endangered species. We chose two investigation areas from the northern part and the southern part of
the lake. Vegetation and environmental conditions of the riverside communities were investigated in 2015.
All investigation plots were 661, and the area of one quadrat was 1square meters. The dominance of the
appearance species in each plot were measured. And, the environmental conditions were measured and
recorded as follows; water quality, agricultural and dredging managements and so on. Furthermore, we
carried out hearing investigation about the management situation. All of the number of appearance species
was 75. Particularly, the number of endangered species was 17. Eleven types of communities were
distinguished by a TWINSPAN classification. These were primarily classified into three river types, four
spring water types, and four lowland weed types. The environmental condition such as quality of bottom
or the quality of the water was different in the northern part and the southern part of the lake. It was thought
that they influenced difference in species composition.

1. INTRODUCTION Shimosuwa-machi. The altitude of this study area is 750m
from 790m. And, the native vegetation of the lowland of

In Japan, decrease and the extinction of the aquatic plant S
Suwa district is summer green Broad-leaved forest.

become the problem now. Lake Suwa is the biggest lake in
Nagano Prefecture (Fig. 1). Therefore, many aquatic plants
have ever grown it in the Lake Suwa. However, recently,
the loss and decrease of biological diversity of aquatic
plants has become an important issue by water pollution
and development in this lake. In addition, there are few
studies on aquatic plant of the Nagano Pref. middle
southern district. For the conservation of the aquatic plant
communities, it was necessary to grasp the condition of the
rivers and irrigation channels around lake Suwa, but there
was little knowledge ['} 21, Consequently, the purpose of
this study was to know the environmental condition,

distribution, and structure of aquatic plant communities of Lake Suwa

the rivers and irrigation channels around this lake to

conserve particularly these endangered species. Tenryu-gawa River

2. METHOD Nagano Prefecture

We chose two investigation areas from the northern part
and the southern part of the lake Suwa. The northern part

is in Suwa city. And the southern part is in Okaya city and Fig. 1 Location of study area
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We carried out distribution of aquatic plant, vegetation,
and environmental conditions survey in autumn from
summer of 2015. The number of investigation plots were
661. Each quadrat plot size was 1 mi. We recorded all
appearance species name in study plot. And, the
dominance of the appearance species in each plot were
measured. The environmental conditions were measured
and recorded as follows; water quality, flow velocity,
structure of channel, quality of bottom, agricultural and
dredging managements and so on. In addition, we carried
out hearing investigation about the management situation.

Statistical analyses

We carried out the community analysis by a TWINSPAN
classification and a detrended correspondence analysis
(DCA).

3. RESULTS

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

The number of all of appearance species was 75.
Particularly, the number of endangered species was 17,
such as Sparganium japonicum Rothert, Hydrilla
verticillata (L.f.) Royle, Potamogeton oxyphyllus Miq.,
Potamogeton octandrus Poir. var. octandrus, Potamogeton
wrightii Morong,  Ranunculus nipponicus Nakai var.
submersus H.Hara. On the other hand, invasive alien
plants such as FElodea nuttallii (Planch.) St.John and
Cabomba caroliniana A.Gray were cofirmed. The number

of alien plant was 8.

All investigation plots were classified mainly three types;
river type, lowland weed type, and spring water type by
TWINSPAN (Table. 1). River type had 3 sub types ( @D,
@, @ ). Those types were established in the river with
some width of rivers in mainly the southern part of the
lake (Table. 2). Particularly, in river types, submerged
plants such as Potamogeton octandrus Poir. var. octandrus
and Hydrilla verticillata (L.f.) Royle appeared and
But, alien plant Cabomba

dominance. invasive

Table. 1 Composition and structure of aquatic plant communities in each type. The numerical value shows

the frequency of appearance.

number of appearance species 15 26 36 17 26 18 29 36 13 14 11
Main community type Rriver type Lowland weed type Spring water type
species name AN community type @) @) ©) ® © ® @ ©) @
indicater species
Hydrilla verticillata (L.f.) Royle 5 1 1
Potamogeton wrightii Morong 3
Potamogeton crispus L. 4 1 1 1 + +
Cabomba caroliniana A.Gray 2 1 +
Potamogeton oxyphyllus Mig. + 2 1
Potamogeton octandrus Poir. var. octandrus 2 2 1 1 5 + 1 +
Trapa japonica Flerow 2 2 1
Phragmites japonicus Steud. 4 1 1 1
Lemna aoukikusa Beppu et Murata 1 1 5 3 2 1 1 1
Persicaria thunbergii (Siebold et Zucc.) H.Gross 1 1 1 3 4 2
Murdannia keisak (Hassk.) Hand.-Mazz. 1 + 4 3 +
Commelina communis L. 1 1 1 3 1 1 +
Sparganium japonicum Rothert 1 1 1 + 1 + 3 1 3
Myosotis scorpioides L. + 1 2 +
Callitriche palustris L. + + 1 3
Glyceria depauperata Ohwi var. depauperata + 2
Ranunculus nipponicus Nakai var. submersus H.Hara + + 1 + 2 +
Nasturtium officinale R.Br
Cardamine lyrata Bunge + + 1 2
common species

Phragmites australis (Cav.) Trin. ex Steud. 2 3 + 1 5 2 +
Zizania latifolia (Griseb.) Turcz. ex Stapf 1 5 2 + 1 5 1 1
Elodea nuttallii (Planch.) St.John + 1 1 1 1 1 3 1 +
Bidens frondosa L. + 1 1 3 1 5 1
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caroliniana A.Gray dominanced in this type (D. In this
type,
Then, lowland weed type had 4 sub types (D, &, ©®, D),
and spring water type was similar, too (®, @, 10, @
Table. 1) . Lowland weed types were established in paddy
field and the irrigation channel in mainly the southern
part of the lake. Therefore, some lowland weed and
hydrophyte such as Lemna aoukikusa Beppu et Murata and
Persicaria thunbergii (Siebold et Zucc.) H.Gross appeared.
In this type,

quality of bottom was mud or gravel .

quality of bottom was mostly mud .

Spring water types were
established flashy stream or narrow irrigation channel in
mainly of the northern part of the lake. In spring
type,
Ranunculus nipponicus Nakai var. submersus H.Hara
dominanced. On the other hand, invasive alien plant
Elodea nuttallii (Planch.) St.John dominanced in only one
type. Quality of bottom in spring water was gravel or

water Sparganium  japonicum Rothert and

cement.

4. DISCUSSION
As a result of investigation, we were able to confirm that

many endangered aquatic plants still grew in the rivers and
irrigation channels around the Lake Suwa. River type was
important community to conserve aquatic plant in the
southern part of the lake. On the other hand, in the northern
part, spring water type was most important one. The
environmental condition such as quality of bottom or the
quality of the water was different in the northern part and
the southern part of the lake. It was thought that they
influenced difference in species composition. However,

we confirmed the predominance of invasive alien plants.

5. CONCLUSION

It was thought that it was important that we maintained a
variety of location environment to conserve aquatic plant
communities. And, we confirmed that the extermination of
invasive alien plants was most important problem.
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Table 2. Environmental conditions. The numerical value shows the mean. Means, in a column, are statistically
different at P<0.05, when they share no common letter. The comparisons were made using the scheffe.

Main community type River type Lowland weed type Spring water type nonvegetation
@ @ @ @ ® ® @ ® @ 0 @ @
Community type
h of channel (m) 1712a 081c  183¢c  9.30ab 1.45bc 6.58b 244bc  092¢c  098bc 1.28bc 1.15bc  1.5¢
2r depth (m) 120a 0.13ce 021ce 044b 008de 032bc 027cd  009ce 008ce 0.16ce 007ce 0.13e
rtemperature () 99 g7 112 95 82 131 131 9.7 124 142 149 127
76 7led 72  75cd 73  77abd  79a  72bed 76 78abd 80  7.8ab
ts /em) 195abcd 455fg 368cdefg 258cdef 498g  183a  248abcf 402bcdefg 291 237abef 231  241ab
mej/ci) 1141 621 782 941 722 938 916 6.73 868 845 832 911
ensaturation(mg/l) 10425 546d 737 847 63bed 915abc 897abc  614d 830 848 846  879ab
velocity  (m/ 006 00ibc 003c 003c 003bc 045a 0.5bc 004bc 010 027 041 027ab
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ABSTRACT

A monthly sampling exercise was carried out twice in February—June 2011 and February-April 2012 in Lake
Baringo to identify and map the fishing, breeding and nursery grounds. The ultimate goal was to set aside closed fishing
areas for fish breeding and wildlife conservation, thus enhancing sustainable management and mitigate conflicts in the
lake. Fishing grounds were identified by visiting the sites where fishing gears had been set and establishing the
geographical positions where gears were set using a GPS.

In the southern zone of lake there were three major fishing grounds during the 2011sampling period. These were:
1) along the eastern shoreline of lake between the mouths of Rivers Ngasotok and Molo, ii) along the western shoreline
between the mouths of Rivers Perkerra and Kapthurin and iii) there area between Lesukut Island and mouth of River
Ngasotok. During the same period, fishing ground in the central zone was identified around Kampi ya Samaki, Kokwa and
Samatiany islands towards the north. In the northern zone, fishing grounds was located between Rongena Island and
Komolion.

During the high lake water level (2012), there was a substantial geographical migration of the fishermen
particularly to the intermittent lake and areas which were hitherto land. The geographical migration of the fishermen was
probably motivated by migration of fish in large numbers to the intermittent lake.The fact that some fishing grounds
fall within the legal closed fishing areas implies that enforcement of fisheries laws is not effective or is not being done at

all.

1. INTRODUCTION regulatory measures were applied before: closed fishing
Lake Baringo is a shallow equatorial lake is located on season and use of fishing gear of certain minimum mesh
size (gillnet) and hook size. The regulatory measures

the eastern arm of the Rift Valley in Kenya. The lake
situated between latitudes 0° 30°and 0° 45N and were meant to allow fish stocks to recover and for
longitudes 36° 00°and, 36° 10”E at altitude of 975 m sustainable exploitation. However, the efforts to improve
(Figure 1). It is has a surface area of 137 km® and drains a the fish stock by closing lake did not yield much. The
total area of 6820 km® (Ssentongo, 1974). lake stakeholders’ suggested that closed fishing areas as

management technique to improve the stock should be

Until 1970 the ﬁSheW used to be the economic mainstcay applied (Muli ef al., 2009). The stakeholders suggested
of the local population and supported a fish processing

i i that maps of the lake resources be developed showing
factory at Kampi ya Samaki market. The fish factory

among others things, the fishing grounds, closed fishing

collapsed in 1986 and has not been revived up to date due areas and their geographical positions for gazetting by the

to lack of adequate fish catch from the lake for processing
(R. Chelagat, pers. comm.). In the 1960s the annual total
landing for tilapia was over 600 tonnes and by 1984, it
had declined to less than 3 tonnes (Hickley et al., 2004).
To revive the fishery and increase production, mainly two

ministry in charge of fisheries management. At the
moment there is no gazetted map showing the closed
fishing areas as is the case for Lake Naivasha (Fisheries
Act, 1991). Fishing grounds in this paper is defined as
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place where fishermen catch fish in the lake. These are
the areas where fishermen know; on the basis of
empirical knowledge and expect to catch commercial fish
species and on a daily basis set their fishing gears (W.
Chepkir Fisherman L. Baringo pers. comm.). Major
conflicts in the fishery are wildlife
conservationist, hospitality industry players and
fishermen on the other hand. The conservationist’s
objective is to preserve wildlife and to keep the lake
healthy. On the hand, fishermen complain that wildlife
should be eradicated from the lake as they destroy their
fishing gears and maim and kill human beings. In
addition motorised boats which ferry tourists to view the
lake and wildlife destroy their gear. The aim of the study
was therefore to map the fishing grounds vis-a-vis the
designated legal closed fishing areas as defined by
fisheries act (Fisheries Act, 1991).

2. METHOD

A monthly sampling exercise was carried in Lake

between

Baringo twice in February—June 2011 and February-April
2012 to identify and map the fishing grounds. The two
periods represented the wet and dry seasons respectively.

To ensure that the sampling was representative of the
whole lake area, transects were taken covering all
geographical grids of the lake. All major zones of the lake
i.e. south, central and north were sampled. In addition, all
river mouths and bays were also sampled. The sampling
was done between 8 am and 2 pm because that is the time
when most fishermen are in lake. Generally, after 2 pm
the lake is rough due to high waves, making navigation
difficult and hard to locate fishing gears. All the fishing
grounds were identified by visiting the sites where fishing
gears had been set. Fishing sites were accessed using a
boat powered by an outboard engine. The sites where the
gears were set were located visually from a distance by
their buoys. This technique was adopted following the
Fisheries Act article 44 (1) which states that: “Any
fishing gear set or placed in or on water shall be marked
with a clearly visible buoy so that it can be seen both
during the day and night by a vessel a hundred and fifty
metres away from the position of the gear” (Fisheries Act,
1991). Once at site, the gear was lifted, examined and the
following information recorded: i) Type of fishing gear
(gillnet, long-line, hand-line), and ii). Geographical
positions where gears were set were identified using GPS
(Model Garmin 72H). Other data which was collected
was abundance and geographical positions of wildlife.
The wildlife recorded included Hippopotamus
(Hippopotamus and Nile
(Crocodylus niloticus). Data on wildlife was used to map
wildlife territories. This is important as there are

amphibius) crocodiles
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human-wildlife conflicts in the lake as wildlife destroy
fishing gears.

In laboratory, the computer program Arc-View GIS
(Environmental System Research Institute, Inc., Redlands,
CA) was used to develop a map showing location of
various gears in lake. Fishing gear locations and wildlife
location in the lake were plotted on the geo-referenced
map. The areas with high concentration of fishing gears
set were delineated by drawing polygons covering the
larger extent around them. Thus a map showing the major
fishing grounds were developed (Figure 1). According to
the Fisheries Act (Fisheries Act, 1991) the legal closed
fishing areas are the areas within a three kilometre radius
of the river delta and estuary.

3. RESULTS

Overall, 216 and 135 fishing gears were recorded in the
study in 2011 and 2012 respectively. The fishing gears
observed were long lines, gill nets and hand lines. Long
lines and gill nets were the dominant gears used in the
fishery. There was no significant difference in gear
composition in the two different sampling periods (y2
0.05, 2 = 4.8827, P > 0.05). However, there were
substantial differences in geographical location setting of
various fishing gears and also changes in size (area) of
the major fishing grounds in the lake over the between
the two sampling periods. Fishing takes place in the
entire lake, with a concentration of fishing effort in
particular areas as depicted by high concentration of
fishing gear set (Figure 1). In the southern zone of lake
there were three major fishing grounds during the 2011
sampling period. These were: i) along the eastern
shoreline of lake between the mouths of Rivers Ngasotok
and Molo, ii) along the western shoreline between the
mouths of Rivers Perkerra and Kapthurin and iii) there
area between Lesukut Island and mouth of River
Ngasotok. During the same period, fishing ground in the
central zone was identified around Kampi ya Samaki,
Kokwa and Samatiany islands towards the north. In the
northern zone, fishing grounds was located between
Rongena Island and Komolion. During the high lake
water level (2012), there was a substantial geographical
migration of the fishermen particularly to the intermittent
which were hitherto land. The
geographical migration of the fishermen was probably

lake and areas

motivated by migration of fish in large numbers to the
intermittent lake. Figure 1 shows that legal closed fishing
areas are located in the southern zone of the lake only.
Most of the large wildlife (hippopotamus and crocodiles)
territories lay within the legal closed fishing area (Figure

).
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Fig. 1. Fishing grounds and legal closed fishing areas

4. DISCUSSION

Delineation of fishing grounds and closed fishing
grounds in the maps provided distinctive visual
representation of where fishing takes place in the lake
which is easy to understand at a glance. Moreso the map
can be easily understood by stake-holders of different
backgrounds and education levels. The maps among
others, 1) show the areas where fishermen fish illegally
and need to be persuaded to stop fishing, ii) guide
fisheries department where to conduct patrols to protect
the legal closed fishing grounds, iii) can be used for
future delineation of the lake for various purpose e.g.
areas for closed fishing areas, fishing areas, wildlife
zones. The maps can be used as a management tool and
would be important in sensitization and drawing of
management/conservation measures.

Distribution pattern of fishing gear set in lake may reflect
fish distribution in lake. The largest concentration of
fishing gear in central zone around Kampi ya Samaki,
Kokwa and Samatiany islands towards the north is
indicator of higher density of fish in this area compared
to other zones. Incidentally, the area of high fish density
is also the deepest in the lake. These findings are in
conformity with findings of Mlewa et al. (2005).

Since some of fishing grounds fall within the legal closed
fishing areas (Fisheries Act, 1991), they are therefore
potential sites of conflict between the commercial fishers
and biodiversity conservationist (hoteliers, tour guides,
wildlife conservationist, fishery’s managers and research

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

scientists). Some of the closed fishing and biodiversity
conservation area are also territories of large wildlife
namely Hippopotamus and Nile crocodiles which attract
tourist to the lake. Boat rides to view wildlife is major
source of revenue for the local hospitality and tourism
investors. Fishing immature fish in the closed fishing
areas that are breeding and nursery grounds contribute to
the depletion of fish stock and is an unsustainable
practice which should be done away with. Respecting the
role of closed fishing areas to protect immature fish,
spawn or spawning fish such as lungfish which breed in
the swamp (Mlewa and Green 2006) and potamodromous
fish such as Labeo and Barbus spp could partly assist the
stock to recover and for sustainable exploitation.
Maintenance of closed fishing and biodiversity
conservation areas is of mutual benefit to all the lake
users and therefore is a priority.

5. CONCLUSION

County government of Baringo department of fisheries
should mark clearly the closed fishing area for ease
identification by the fishers. Sensitization of fishers
should be done so that closed fishing area can be
respected and reduce conflicts in the fishery. All the three
indigenous communities Illchamus, Pokot, and Tugen
that fish in lake should be involved. This would ensure no
one community would feel alienated from fisheries
activities, as all will participate in protecting and
conserving part of their heritage.
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# 1 GLMM X O model averaging | A4 & 5

Model Variable Estimate ~ Adjusted SE z P
BHiE
dVHOU—PMNEREER 2.227 0.361 6.176 <0.001
KE -0.711 0.245 2.901  0.004
KigRE 0.201 0.074 2.729  0.006
IKEEIKR 0.407 0.405 1.004  0.315
BHEARE
ALUINS55FT
dVHU—-PMNERE 3.125 0.720 4.338 <0.001
IKERIKGR 0.864 1.006 0.859  0.390
RABRADER 0.255 0.109 2339 0.019
IKE 0.620 0.469 1321 0.187
KIBTRE 0.322 0.161 2.001  0.045
VI
a9V —MERER 5.518 1.037 5323 <0.001
KBTS NEE 0.263 0.089 2.948  0.003
KEBIKB 3.729 1.387 2.689  0.007
J}4E
KET'SUINEE 0.109 0.041 2.626  0.009
IKEEIKE -0.669 0.638 1.049  0.294
BFERE 0.433 0.287 1.512  0.131
EDPLIU: |
dVHOU—PMEREER 3.531 0.623 5.669 <0.001
IKEBIKGR 1.181 0.624 1.891  0.059
KiERE 0.317 0.112 2.829  0.005
(NZ)
APV —NEFER 1.648 0.700 2352 0.019
IKE&IKR 1.304 0.875 1.490  0.136
KR -1.010 0.365 2.770  0.006

IEEITIROE RN EE RIT L TRY, 27
—MZEZH#EFR AN B EDIEEB TIN50
STz, ZNETHBIN~OB HE W ST A58 T
IR E OIFESCE IR HEN SO RRE) B# FK L LT
FRF S QDS ARAFZEICKDIEER R D N AL
EHRBOBHICREREEL RITLIDTENH B
Lipot,

BB TD BRMEIE, MR ORESCRED
BEMAIHNZRTHOTHLIEND, R FEDOK
BT CTHERERBREOELEL LT L
EZbD, o, REFIETIXHNIZEBIT D4R
IZOWTHIHREL TW2RWb 0D, I ITHIE NI
BILRBEO MBI CESES| SR TZENE
RSN TVD[2], ZNHDI LMD, ARAFFE CHERRS -
EEREEB M OBRIL, ERITED A 4R BB
DIERJ OZ U SEEDOITEV AL SR S~ D
BHEEET D REME A TR L CWAEE X BILD,

Wk 2 (78, Tva) T, KEICBiT5
TR BDBBHEIEOBURICH LI LD RSN
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Variables Coefficient s.e. z P
Depth 0.15 0.02 8.79 <0.001
Descent phase 2.21 0.07 33.6 <0.001

Condition Factor 0.26 0.13 1.93 0.053

Lotic habitat -2.52 0.71 -3.57 <0.001
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Effects of upstream reservoir regulation on the intra-annual distribution of
benthic invertebrates in a large floodplain lake (Dongting Lake, China)

Xu Can, Li Yitian
State Key Laboratory of Water Resources and Hydropower Engineering Science, Wuhan University

Keywords: Intra-annual distribution; Benthic invertebrates; Upstream reservoir regulation; Dongting Lake; TGR

ABSTRACT

Hydrological controls from damming upstream heavily affect the flow-sediment regime and water chemistry of
floodplain lakes downstream, and thus cause profound impacts on lake ecosystems, which have been widely proven.
However, with this series of disturbances, the intra-annual distribution of benthic invertebrates may be affected but it is
not clear by now. This research aims to explore benthic invertebrates (BI) response to hydrological process variation
induced by upstream reservoir regulation, using three years (1995, 2004 and 2014. The Three Gorges Reservoir started
operating in 2003) paired hydrological database and monitoring data of BI in Dongting Lake. The results showed that:
the intra-annual distribution of BI significantly responded to upstream reservoir regulation, but this response was not
sustained. Hydrological variation in dry season and in wet season seemed to have greater impacts on Aquatic Insecta
while the variation in wet season has greater impacts on Mollusca. Sediment concentration and water chemistry were
proven to be the critical variables. Sediment concentration was positively correlation with the intra-annual distribution of
Aquatic Insecta. Flow and water level were closely related to Mollusca and Oligochaeta. Water chemistry was most
closely related to Other Taxa. This work would provide valuable information for design of lake management strategies

and upstream reservoir regulation rules.

1. INTRODUCTION

In recent years, climate variability and anthropogenic
(HP) have
constantly changed hydrological regime, in turn caused
aquatic habitat variation in rivers and their floodplain
lakes!). Floodplain lakes even become one of the most

river regulation by hydraulic projects

threatened landscapes worldwide!™. For the conservation
and management of aquatic ecosystems, many researches
have tried to link hydrological variation induced by the
operation of HP to the response of aquatic biota. Benthic
invertebrates (BI) are often used as a target community in
such researches®™. Within this effort, most researches
have focused on the positive or negative effects of the HP
construction and operation, such as comparison of
biological response before and after the upstream

(4]

reservoir operation' ", or paired comparison of community

parameters between regulated and unregulated sites””.

However, the most significant change caused by HP is the
change in intra-annual hydrological process. In order to
meet the needs of flood control and water utilization,
water level in non-flood season is raised and that in flood
season is reduced. Besides, variations of hydrological
process will inevitably result in the variations of sediment
transport and water chemistry’”. With this series of
disturbances, the intra-annual distribution of benthic
invertebrates may be affected. Furthermore, due to
community recolonization, this effect may exhibit
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differences among years. But studies on this effect still
remain scarce by now. This fact inhibits the development
of quantitative relationships between ecological responses
and anthropogenically induced hydrological alterations,
which is critical important for design of lake management
strategies and upstream reservoir regulation rules.

Dongting Lake, the second largest freshwater lake in
China, is the first large lake downstream of the Three
Gorges Reservoir (TGR). The flow-sediment regime of
Dongting Lake is highly affected by hydrological controls
from reservoir regulation of the main stream, which in
turn contributes to affect lake biodiversity. Hydrological
processes in Dongting Lake have been proven to be
highly altered temporally'®. This lake is therefore an ideal
study lake for assessing hydro-ecological effects. Given
these contexts, this research aims to explore BI response
to hydrological process variation using three years (1995,
which is before the operation, 2004; which is just after
the operation and 2014, which is after 175m water storing
of TGR) paired hydrological database and monitoring
data of BI in Dongting Lake. The current study had two
(1) to investigate the intra-annual
distribution of BI response to upstream reservoir
regulation; (2) to examine the relationship between
flow-sediment regime and water chemistry properties and
community metrics, aiming to select key variables
affecting BL.

main purposes:



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

2. METHODS
2.1. Data resources

Data of BI was collected from literatures” ™). All of the
sample collections and treatments have been finished by
the Ecological and Environmental Monitoring Center of
Dongting Lake of Hunan. The sampling sites, located on
the typical section in the East, South and West Dongting
Lake, could reflect the overall and regional characteristics
of BI in Dongting Lake. Sampling occurred in dry season
(December to next March), normal season (April to May
and October to November) and wet season (June to
September) within each year, respectively.

Measured data of control hydrological stations in
Dongting Lake, included flow, sediment concentration,
water level and water chemistry properties (Nemerow
index) of Chenglingji Hydrological Station, was collected
from the Changjiang Water Resources Commission.

2.2. Data anylysis

Redundancy analysis (RDA) was used to examine the
relationship between flow-sediment regime and water
chemistry properties-community metrics (carried out in
CANOCO RDA and Monte Carlo
permutation test with 499 permutations were performed
to evaluate the significance of variables separately.

3. RESULTS

version 4.5).

3.1. Total abundance of BI in different seasons

The numerical difference of the richness among these 3
years was not significant. Mollusca and Aquatic Insecta
were most abundant, accounting for approximately 41.70%
and 28.90% of the total respectively.
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Fig. 1 BI abundance of different season and different
taxa in 1995, 2004 and 2014.
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Fig.2 Flow, water level and sediment concentration of
Chenglingji Station in 1995, 2004 and 2014.

Comparing the total abundance of BI in three seasons, it
could be found that the difference between 1995 and 2014
was not obvious, reflected as highest in dry season and
the lowest in wet season. The difference between 2004
and the other two years was significant, showing the
highest abundance in wet season and the lowest in dry
season. For BI composition in different seasons, the
inter-annual difference in normal season was the smallest.
In dry season, the abundance of Aquatic Insecta and
Mollusca differed significantly. In wet season, the
abundance composition in 2014 was close to that during
wet season in 1995. In 2004, the abundance of mollusca
was 300ind/m® more than that in the other two years. In
addition, the abundance of Aquatic Insecta and Mollusca
also differed greatly among the three seasons (Fig. 1).

3.2. Variation of hydrological properties before and after
the operation of TGR

For flow and water level, the significant inter-annual
differences existed in the dry season and the wet season.
For sediment concentration, the significant inter-annual
differences existed in the dry season and the normal
season (Fig. 2).

3.3. Correlation analysis

The all canonical axes explained approximately 69.5%
variance of species data, among which the cumulative
explanation of the first two axes reached 69%. Monte
Carlo permutation tests for the first and all canonical axes
were significant (P=0.042, P=0.027, respectively). The
biplot of the overall species distribution and hydrological
variables was shown in Fig. 3.
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Fig. 3 RDA ordination diagram of species distribution
and explanatory variables in Dongting Lake.

4. DISCUSSION

Total abundance of BI did not immediately decrease after
the operation of HP or the loss of natural hydrological
regime, inconsistent with the description of previous
studies. Instead, it increased significantly during the wet
season after the TGR operation, which may be attributed
to the peak clipping effect of TGR, reducing the impacts
of high flow events on BI. The short-term beneficial
effects of TGR on BI couldn’t be ignored. However, the
peak clipping effect of TGR was sustained (flow during
wet season in both 2004 and 2014 was less than that in
1995), the beneficial effects on Bl was unsustained.

Abundance of Aquatic Insecta in dry season and that of
Mollusca in wet season showed significant inter-annual
differences. Hydrological variation in dry season seemed
to have greater impacts on Aquatic Insecta while the
variation in wet season seemed to have greater impacts on
Mollusca. As organic matter carried by suspended
sediment was main food source of aquatic insects, the
abundance were closely linked with sediment. Flow
inputs changed greatly during wet season, Mollusca
showed susceptibility to flow and water level. This result
was consistent with previous studies. In addition, the
greater sediment content, the less stable the lake basin
became. Sediment content in Dongting Lake decreased
sharply due to the operation of TGR and the
deposition/erosion
deposition-dominant to an erosion-dominant state after
2008. Although sediment content during dry season

regimes  changed from a

upswung in 2014 due to substratum erosion, the

differences of substratum conditions might cause

different responses of aquatic insects.

Sediment concentration and Nemerow index were
checked out to be the major variables markedly
correlating with the abundance of taxa. RDA analysis also
provided further evidences that sediment concentration
was positively correlation with the intra-annual
distribution of Aquatic Insecta and flow and water level

were closely related to that of Mollusca and Oligochaeta.
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Besides, water chemistry was most closely related to
Other Taxa.

5. CONCLUSION

Upstream reservoir regulation could heavily affect the
intra-annual distribution of BI. Hydrological variation in
dry season seemed to have greater impacts on Aquatic
Insecta while the variation in wet season seemed to have
greater impacts on Mollusca. Sediment concentration and
water chemistry were proven to be the critical variables
affecting the intra-annual distribution of BI. This work
would provide valuable information for design of lake
management strategies and upstream reservoir regulation
rules.
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The Invasive Alien Species of Freshwater Crayfish: Ecological
and Economical Impacts

Ali Mashar?, Alimuddin”, Taryono?, Agus Alim Hakim", Yuyun Qonita", Yusli
Wardiatno?

D Bogor Agricultural University, Indonesia

Key words: invasive alien species, biodiversity evaluation, fisheries

ABSTRACT

The presence of invasive alien species in freshwater ecosystems, such as freshwater crayfish, can give a
significant influence to native species and humans. This study aims to confirm species, distribution, and
impact of freshwater crayfish. The study was conducted in the lake, reservoir (artificial lake), and situ
(small lake) in West Java area on May to October 2017 with survey methods and descriptive analysis.
Morphologically, there are two invasive alien species of freshwater crayfish in West Java, namely Cherax
quadricarinatus and Procambarus clarkii. Cherax has been widely distributed in inland waters of West
Java region. Cherax has been found in all lakes in altitude < 1000 meters above sea level. Meanwhile, P.
clarkii is only found in ornamental fish traders in Bogor, which is originated from cultivation activities
in Sukabumi area. Ecologically, the presence of freshwater crayfish, especially Cherax quadricarinatus,
has decreased the population of native species of small crustaceans, such as in Lake Lido, meanwhile, in
other sites it has not occurred. During the study, there has never been any incidence of freshwater crayfish
as a plague vector on human. Economically, the presence of both freshwater crayfish can give a positive
impact to local people, both for consumption and ornamental fish.

INTRODUCTION specially on primary and secondary productivity
in the waters®I°l. Feeding habit of freshwater
lobsters as grazer and self-burying activities can
also change the condition of the waters, such as
decreasing the closure of benthic algae and
macrofita so clear waters become turbid because
the waters are dominated by phytoplankton '],
Another impact, the introduction of freshwater
crayfish can lead to a decrease in fish abundance
in aquatic ecosystems!'!], as well as a decrease
in the diversity and abundance of native
invertebrates!! 112,

The existence of invasive alien species or non-
native species in aquatic ecosystems has
attracted many interest, because the inclusion of
invasive species into an ecosystem can effect the
ecological system ofits life, even also can effect
the economic and social of human culturel!l,
The influence of invasive species on living
environments may lead to changes, such as
changes in trophic interactions!?, community
structure, food webs, and key species!!l.

One of the most common taxa found as non-
native species in freshwater ecosystems is group
of freshwater crayfish. Some species of
freshwater crayfish commonly found in the
world as invasive species are Procambarus
clarkii or red swamp crayfish from the
northeastern regions of Mexico and southern of
USAM™, Cherax quadricarinatus or red claw
crayfish from Australian watersl), Pacifastacus
leniusculus from the northwestern continent of
Americal®, and Orconectus limosus originating

Freshwater  ecosystems in  Indonesia,
particularly in West Java are inseparable from
the phenomenon of invasive freshwater crayfish
such as Cherax quadricarinatus  and
Procambarus clarkii. These invasive species are
not only found in waters, but are also traded and
widely used as ornamental lobsters. This group
of freshwater crayfish is believed to give a
change to trophic interaction of freshwater
ecosystem in West Java. Both freshwater
crayfish of P. clarkii and C. quadricarinatus are

from USA, .

also known as vectors of plague disease for
The impact of invasive species has been shown another freshwater crustacean. This disease is
to have a significant effect on the ecosystems, caused by the parasite Aphanomyces astaci
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which can be a deadly disease and the cause of
the decrease of population of native freshwater
crayfish in Europel'B1041 P clarkii also has
the potential to bring other pathogens, such as
Batrachochytrium  dendrobatidis  which s
responsible for a deadly skin infection for
amphibians['®).  Therefore, the study on
distribution and impact of invasive freshwater
crayfish, particularly is important to do. This
study is expected to be a source of information
for the management of invasive freshwater
crayfish and to prevent or to minimize the
negative impact of this species.

METHODS

This research has been conducted from May to
October 2017 in freshwater ecosystem of West
Java Province, include lake, artificial lake
(reservoir), and small lake (situ). Identification
of species of freshwater crayfish is done
morphologically. Identification of the presence
of freshwater crayfish was conducted through
direct observation and interviews. Confirmation
the presence of plague was analyzed using
molecular analysis and collaborated with
researchers from the Czech University of Life
Science and the University of South Bohemia,
Czech.

RESULTS

Morphologically, there are two invasive alien
species of freshwater crayfish in West Java
Province, namely Cherax quadricarinatus (red
claws crayfish) and Procambarus clarkii (red
swamp crayfish). Red claw crayfish is native
species from southern of New Guinea and
northeast of Australia, and red swamp crayfish
is native species form America continent.
Cherax or red claw crayfish has been widely
distributed in inland waters of West Java region,
so this species is found in almost all research
area, particularly at altitude < 1000 meters
above sea level (msl). In some research
locations that have altitudes > 1000 msl, red
claw crayfish is not found there. Meanwhile, P.
clarkii is only found in cultivation activities in
Sukabumi. Both freshwater crayfish are found
as consumption commodities and ornamental
fish.

Ecologically, the presence of Cherax is
suspected to have decreased the population of
other crustacean species, like Macrobrachium
sintangensis in Lake Lido. Even according Dr.
Achmad Farajallah (Biologist from IPB -
personal communication), the presence of
Cherax quadricarinatus in Lake Lido is

suspected to have caused the loss of two species
of  native  shrimp  waters,  namely
Macrobrachium sintangensis and M. pilimanus.
In some other research locations, the presence of
Cherax has not decreased the population or
eliminated species of other crustaceans.
However, we should always be aware of the
existence of these freshwater crayfish because
of the nature of these species as invasive alien
species and has been proven to be an invasive
alien species in some freshwaters in Indonesia.

Samples of P. clarkii collected from cultivation
activities in Sukabumi area and from
ornamental fish traders indicated carry plague
pathogen. In Europe, P. clarkii has been the
cause of extinction of native freshwater crayfish
species due to the infection of crayfish plague
(Souty-Grosset et al. 2016). During the study,
there has never been any incidence of freshwater
crayfish as a plague vector on human. However,
we should always be aware and avoid being in
direct contact with this species.

Economically, the presence of both freshwater
crayfish can give a positive impact for local
people as additional income from trading
activities, both for consumption and ornamental
fish.

CONCLUSION

Morphologically, there are two species of
freshwater crayfish in West Java, namely
Cherax quadricarinatus and Procambarus
clarkii. Cherax quadricarinatus has been found
in all lakes in altitude < 1000 meters above sea
level. Meanwhile, P. clarkii is only found in
ornamental fish traders in Bogor, which is
originated from cultivation activities in
Sukabumi. Ecologically, the presence of
freshwater crayfish has reduced the population
of native species, especially small crustaceans,
such as in Lake Lido, but in other sites it has not
occurred. During the study, there has never been
any incidence of freshwater crayfish as a plague
vector on human Economically, the presence of
both freshwater crayfish can give a positive
impact for local people, both for consumption
and ornamental fish.
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ABSTRACT

Although the precise introduction route of the water primrose in Japan is still unknown, it was first recorded
in Kasai city of Hyogo prefecture in 2007. And then it was found in Akanoi Bay, Lake Biwa in 2009. Water
primrose has expanded rapidly and has become one of the most damaging invasive plants, currently
extending to about 300,000 m?. In the water, its dense stem becomes a habitat for mosquitoes; moreover,
sediments accumulate and inhibit the flow of water. A number of physical measures have been used to
control the expansion of the water primrose, including mechanical harvesters, rotovators, and hand removal,
but results have largely been poor.

In order to develop measures to counter the expansion of invasive alien aquatic plants in Lake Biwa the
present project aimed to identify new techniques for the removal of aquatic plants and methods for
suppressing the spread of effluent water from industries. The purpose of this project is to support the
development of new technologies by subsidizing those adopted by Shiga prefecture. We applied the project
program and adopted an herbicide management method for water primrose control. We used Basta® as an
herbicide and its effects were tested using water primroses cultured in a plastic bucket, and as expected it
was completely eliminated. In addition, acute toxicity tests for aquatic organisms were conducted using
Medaka (Oryzias latipes), Daphnia (Daphnia pulicaria), and Honmoroko (Gnathopogon caerulescens)
from Lake Biwa. High safety conditions were confirmed.

1. INTRODUCTION payment.

As aquatic plants of Lake Biwa are also an important
spawning place for fishes and shellfishes, a harvesting ban
period was implemented by law in 1890, but after that,
food production increase was advocated and harvesting

Lake Biwa is a lake in Shiga Prefecture with an area of
about 670 km? in area and is the largest lake in Japan. One
hundred seventeen primary rivers flow directly into Lake

Biwa. However, the Seta River and the artificial Lake
was encouraged.

In 1930, sales from water plant (algae) were the main
income for farmers, exceeding even that from shellfish and
prawn harvest.

Since the mid-1950s, owing to the spread of chemical
fertilizers as a result of the modernization of agriculture,
algae removal and muddy algae removal is no longer
performed except by some farmers practicing organic
agriculture.

More recently, Lake Biwa's aquatic plants started to
increase rapidly in the South Lake in the wake of the
drought in 1994. In recent years, about 90% of the lake
bottom of the South Lake is covered with aquatic plants

Biwa canal are the only rivers that discharge from Lake
Biwa. The biota of this lake is very rich, as it is inhabited
by around 1,100 species of animals and plants. There are
also many indigenous species found only in Lake Biwa.
Furthermore, Lake Biwa represents an important landing
spot for nearly 50,000 waterfowl species that visit the lake
every year. For this reason, it became, in 1993, one of the
few wetlands in Japan registered by the Ramsar
Convention.

There are records stating that the aquatic plants of Lake
Biwa had been used as fertilizer and soil conditioner for
agricultural land more than 1000 years ago.

Moreover, about 400 years ago, algae disputes occurred in
various places with respect to the right to collect water
plants from the lake.

About 150 years ago, the right to collect water plants was
treated as a type of permitted fishery subject to tax

during the summer, and abnormal conditions were present,
owing to which natural environments, ecosystems, living
environments have been considerably affected.

Therefore, in Shiga prefecture, we are promoting water
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grass cutting and removal measures and the effective
utilization of harevested aquatic plants in order to
reestablish the conditions for aquatic plants that existed
about 80 years ago.

Hiyoshi Corporation, located in Omihachiman City of
Shiga prefecture, is a that provides
comprehensive support for environmental projects in a
wide range of fields, such as measurement and analysis
and environmental conservation. Particularly in the field
of environmental analysis, we are proud to contribute
greatly to the maintenance and management of natural
environments such as water, soil, and air in Shiga
prefecture and Lake Biwa.

company

To develop measures to counter the expansion of invasive
alien aquatic plants in Lake Biwa, this project aims to
identify new techniques for the removal of aquatic plants
and methods for suppressing the spread of effluent water
from industries. The purpose of this project is to support
the development of new technologies by subsidizing those

technologies that are being adopted by the Shiga prefecture.

Hiyoshi Co. received subsidies for the “Aquatic plants
management technology development support project”
from Shiga Prefecture in 2017.

There is no simple way to control the spread of water
primrose. A number of physical control measures
including hand-pulling, rotovation, and mechanical
harvesting may be used to control water primrose;
however, all fragments and roots must be removed to
prevent re-establishment. It is likely that mechanical
treatment of large populations would provide only a
temporary solution!'.

Water primrose has been used in the past to absorb
herbicide residues in runoff water. Several herbicides have
been used with reported success, including halosulfuron-
methyl, glyphosate and triclopyr!'l. Some researchers have
also reported the evaluation of six herbicides (2,4-D,
Glyphosate,

Triclopyr) for the control of water primrose!?..

Imazamox, Imazapyr, Penoxsulam, and

Agricultural chemicals are agents or natural enemies that
can affect organisms and the environment if used
A
chemicals ensures that the standards for residues in crops
and the effects on aquatic organisms are established, and
their usage is specified not to exceed those standards,

incorrectly. registration system for agricultural

based on which the agricultural chemicals are examined
and their safety is guaranteed®.

The safety of agricultural chemicals is ensured by
complying with the usage rules specified for the registered
agricultural chemicals.
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2. EXPERIMENT

We made the decision to use Basta® (active ingredient;
glufosinate) as it is less toxic to aquatic life than Roundup®
(active ingredient; glyphosate).
Water primrose samples were collected on the lakeshore of
the Karasuma peninsula in Lake Biwa (under the
permission of Ministry of Environment), and the stem,
from which the leaves had been removed, was cut to 30
cm, inserted into the sedimentary soil of a test water
prepared in a plastic bucket, and grown and cultured for 23
days.
The herbicide was administered at a dose of 18.5 mg /
strain (glufosinate) using an herbicide applicator
(PAKPAK PK 98 L).
Leaves began rolling up after only one day of the herbicide
treatment. The whole plant including the stem became
brown and withered by 10 days after the beginning of the
treatment, and the root was confirmed to be dead 29 days
after the beginning of the treatment. Thus, our experiments
in the
sufficiently effective as a chemical control for water

confirmed that glufosinate is, short-term,

primroses.

Fig. 1. Herbicidal effect of glufosinate on water primrose

In addition, the amount of glufosinate flowing from the
plant into the water of the plastic bucket was measured
using an LC / MSMS (Table 1).
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Table 1. Concentration of glufosinate in water from the

plastic bucket (mg/L).
Days Control Treated
1 <0.001 1.65
3 <0.001 3.04
5 <0.001 2.79
10 <0.001 1.61
14 <0.001 0.72

Some of the herbicide administered to the surface of the
stems and leaves of the water primrose fell into the water,
but seemed to be decomposed by the action of glufosinate-
degrading bacteria in the water.

In order to investigate the effects of the herbicide on
aquatic organisms, we conducted experiments on the acute
toxicity of glufosinate using Daphnia (Daphnia pulicaria:
photo by Dr. S. Ichise of Lake Biwa Environmental
Research  Institute), =~ Honmoroko
caerulescens), and Medaka (Oryzias latipes: source of
photo http://www.akb.jp/fs/tojaku/1126) from Lake Biwa.

(Gnathopogon

Fig. 2 Photos of Daphnia, Honmoroko and Medaka

Daphnia were obtained from Lake Biwa Environmental
Research Institute. The 48 hour acute immobilization test
for daphnia was carried out using the static exposure
condition method without exchange of test water. The
results revealed a 48-hour ECso value of 112 mg/L and
confirmed that glufosinate is a safe herbicide for these

organisms.
Honmoroko fishes were acquired from the “Yamasho
Honmoroko Youshoku Koubou Co., Ltd.”, and

acclimatized to test water temperature in the breeding
room and then bred for two weeks under the same water
quality and water temperature conditions. Glufosinate's
96-hour acute toxicity test on Honmoroko was carried out
using the static exposure condition method without
exchange of test water. The 96-hour LCs¢ value of 117
mg/L was calculated; we confirmed that this herbicide is
safe for adult Honmoroko fish.
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A 96-hour acute toxicity test on Medaka juveniles was
carried out using the static exposure condition method
without exchanging test water. Medaka got parent fish
from the Oda branch of “The School of Medaka” and
tested juveniles were hatching and breeding by us.

The results showed that death or abnormal swimming
behavior was not observed even with the maximum test
concentration of 120 mg/L conducted in this test, and
Basta was thus confirmed to be safe for Medaka.

3. CONCLUSION

We confirmed that the use of glufosinate as a chemical
control is effective for the management of water primrose
and its use as an herbicide could have little effect on
aquatic organisms. In future experiments, we plan to use a
larger experimental system and devise a dosing regimen,
and will try to conduct experiments with a system that is
more reflective of real-world conditions.
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ABSTRACT

Six species of microbial pesticides (Bacillus thuringiensis subsp. aizawai, Bacillus thuringiensis subsp. kurstaki and

Pseudomonas fluorescens as bacterial pesticide, Verticillium lecanii, Beauveria bassiana and Metarhizium anisopliae as

fungal pesticide) were assessed on ecosystem-level using gnotobiotic-type experimental aquatic microcosm system. As
results, all microbial pesticides didn’t increase in their population in microcosm where they were introduced, and finally
be removed from the ecosystem site under biological interaction such as prey-predator interaction with indigenous
microbiota. From the viewpoint of prevention of bio-diversity, it is an important problem to establish the test technique
in detail for ecosystem impact risk assessment immediately, and to effectively use microbial pesticide and the DNA
recombinant microorganism of which utilization expects the field of the bio-remediation as the beginning, the evaluation

test technique using the microcosm system could be recognized to be one of the effective means.

1. INTRODUCTION

These days, remain and accumulation of chemical
pesticide have become to be one of the most serious
problems all over the world. In other hand, biological
preservation such as microbial pesticide including natural
enemies is look at again, and in Europe and U.S.A.,
microbial pesticide has already made practicable. The
microbial pesticide is one of biological preservation and
their main components are bacteria, fungi, virus, protozoa
and nematode which is viable and/or not. These microbial
pesticides are considered more safe for environment than
chemical pesticide because of their origin from natural.
Furthermore, not only natural microbial pesticide but also
genetically engineered one are developed and more
explanation is done. By the way, what effect will be given
is very important problem for field release of
non-indigenous lives, so the environmental impact risk
assessment method for the field release of microbial
pesticide including genetically engineered one is strongly
needed to be proved to use generally and it has already
established in Europe an U.S.A., referring to the
guideline of OECD and WHO. But in Japan, no
assessment method has been established, and haw the
microbial pesticide behave in nature and what influence
will be happen have not been made clear. So it is very
important to make clear the prosperity and decay of
microbial pesticide in natural ecosystem and to obtain the
basal information for environmental impact risk
assessment for field release of genetically engineered
microorganisms (DNA recombinant microorganisims).

This study was conducted to investigate and made clear

the prosperity and decay of microbial pesticide in aquatic
environment using model ecosystem such as monoxenic
culture, flask-size microcosm and natural lake model
ecosystem. This tier test method is named step-by-step
assessment method.

2. METHOD

As microbial pesticide, living cells of Bacillus
thuringiensis subsp. aizawai KH, B.tkurstaki and
Pseudomonas fluorescens 1ID5115 as bacterial pesticide,
and Verticillium lecanii F126-12-3M, Beauveria bassiana
F18-4B and Metarhizium anisopliae M7 as fungal

pesticide were supplied.

B.thurigiensis is safe for humans and is the most widely
used environmentally compatible biopesticide worldwide.
Furthermore, insecticidal B.thuringiensis genes have been
incorporated into several major crops, rendering them
insect resistant, and thus providing a model for genetic
engineering in agriculture

Pfluorescens has shown the microbe’s potential benefit in
bioremediation against several strains of plant pathogens.
Plant treatment with Pfluorescens can prevent these fungi
from growing and spreading through spore production
which grow on plant surfaces causing disease and death
of the plant..

Vlecanii is an entomopathogenic fungus. The mycelium
of this fungus produces a cyclodepsipeptide toxin called
bassianolide and other insecticidal toxins such as
dipicolinic acid, which infect aphids, whiteflies, rust
fungi, scale insects and lead to death the host.
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B.bassiana is a fungus that grows naturally in soils
throughout the world and acts as a parasite on various
arthropod species, causing white muscardine disease; it
thus belongs to the entomopathogenic fungi. It is being
used as a biological insecticide to control a number of
pests such as termites, thrips, whiteflies, aphids and
different beetles.

M.anisopliae is being used as a biological insecticide to
control a number of pests such as Grasshoppers, Termites,
Thrips, catterpillers, aphids/ etc. and its use in the control
of malaria-transmitting mosquitos is under investigation.

Microcosm N-system was mainly applied to the test
method for ecosystem-level assessment. Microcosm
N-system is consisted of three species of microalgae as
producer, that is, chlorophyceae Chlorella sp.,
Scenedesmus quadricauda and cyanophyceae Tolypothrix
sp., four species of microanimals as consumer, that is,
protozoan ciliate Cyclidium glaucoma, metazoan rotifer
Lecane sp., Philodina erythrophthalma and oligochaete
Aeolosoma hemprichi, and four species of bacteria as
decomposer, that is, Bacillus cereus, Pseudomonas putida,
Acinetobacter sp. and coryneform bacteria, and indicates
high reproducibility and reflectivity of natural ecosystem.

This microcosm is cultured under condition of 25 degrees
Celsius, 2,800 lux, 12/12 hrs. bright/dark cycle, and
without stirring. Living cells of pre-cultured microbial
pesticides were injected to microcosm at 16th day after
cultivation start. Microscopic observation was conducted
to detect prosperity and decay of injected microbial
pesticide and indigenous microorganisms in microcosm.

3. RESULTS AND DISCUSSIONS

As results, following information was obtained. That is,
in monoxenic culture test, all the microanimals such as
protozoan ciliate Cyclidium glaucoma, Tetrahymena
pyriformis,
Philodina erythrophthalma and oligochaete Aeolosoma

Colpidium  campylum, metazoan rotifer

hemprichi which can be observed generally in both
natural and artificial ecosystems, were able to grow in
cell suspension of bacterial pesticide, but could not in that
of fungal one. In other word, B.t.aizawai, B.t.kurstaki and
Pfluoresens were expected to decrease by predation of
indigenous microanimals in natural environment similar
to any other indigenous bacteria, but other fungal
pesticide such as Vlecanii, B.bassiana and M.anisopliae
were not decreased, and survived. In microcosm
N-system test, B.t.aizawai decreased after its injection to
microcosm due to microbiota, especially protozoa
Cyclidium glaucoma was greatly affected with their
interaction such as prey-predator interaction. B.t.kurstaki
and B.cereus showed same behavior pattern, so, it was
considered that B.thuringiensis would behave same as
any other indigenous bacteria and fade out finally in
natural environment. in natural lake model ecosystem,
which includes six kinds of eutrophic and oligotrophic
lake, river and sea water, B.t.aizawai showed same
behavior pattern as in microcosm N-system, in other
word, B.t.aizawai decreased in natural lake model
ecosystem by predation effect of microanimals which
persisted in natural environmental water. B.t.kurstaki and
B.cereus were the same. Very high relationship between
these two microcosms were observed.

a) control b) B.t.kurstaki ¢) B.t.aizawai
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From these results, it was made clear that B.t.aizawai and
B.t.kurstaki as bacterial pesticide show similar behavior
as B.cereus as control indigenous bacteria, so it is
considered that even though microbial pesticide was
released in to natural environment, microbial pesticide
will not have great influence on indigenous ecosystem.
And a new potential for environmental impact risk
assessment method for field release of genetically
engineered microorganisms on ecosystem level such as
microbial pesticide or other bacteria which have new
function, was shown here. It is considered that further
comparison and analysis of results from these tests would
lead the more accurate and detailed environmental impact
risk assessment on ecosystem level.

4. CONCLUSIONS

The results obtained from this study can be concluded as
follows:

1) Bacterial pesticide can decrease after its release to
natural environment and do not affect seriously to
indigenous microbiota.

2) Fungal pesticide can remain and survive after its
release to natural environment because of its unsuitability
to indigenous microanimals as their food source.

3) Tier test such as step-by-step testing method which
shown in this study can be one of the most useful way to
assess the effect of field release of non-indigenous lives
on natural environment.

4) It is necessary to establish the ecosystem level
environmental impact risk assessment method as soon as
possible, because genetically engineered microorganisms
(DNA recombinant microorganisms) is strongly expected

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

to be one of the useful tools as to not only microbial
pesticide but also bio-remediation.
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ABSTRACT
The study aims were to study the distribution of macroinvertebrate communities in
Wang River. The macroinvetebrate samples were collect from 5 sampling sites along the Wang
River from winter and summer season on January to June 2018. The macroinvertebrate
diversity and abundance e were higher in the upstream to the down stream. The diversity and
abundance of macroinvertebrate were decreased from winter season to summer season due to
the higher of chemical concentration in the river. The chemical and physical from human
activates and seasonal were an influence factors to the to the macroinvertebrate community and
could be used as a tolls for monitor the water quality.

1. INTRODUCTION

In the modern world has entered an era of
globalization, especially the rapid progress of
science, telecommunications and information
technology. As a result, countries have changed
in many ways according to evolution. Including
Thailand has to change dramatically in terms of
economy, society, culture, science, technology
and politics. Development of a country that is
focused on the economy has caused problems in
the distribution of income and social problems as
well as environmental problems. Due to the lack
of balance, the problem must be resolved quickly.
Therefore, it is necessary to develop " Quality of
people" . The person will develop it with one
important factor is education. Because education
is a learning process for the growth of individuals
and society. Education is a tool for developing
people. It is a cornerstone of prosperity and
problem solving. Because education is a process
that allows people to develop themselves, which
will eventually lead to social development and
strategies to solve the problems and crises of the
nation as the Thailand’s Ministry of Education
has adopted core curriculum for basic education
in 2551 AD. The learning management in the
course emphasizes the development of the learner
in the thinking. And defined the key competencies
of the learners is a key skill in the knowledge
creation and knowledge to take on a life of

quality. And adopting policies to encourage
thinking skills into practice in a concrete
classroom.

Due to various problems from the
development of the country as mentioned above.
Natural resources and environment are affected.
Especially water resources. Because water is an
important resource that impacts directly on the
lives, community development and human life
water is also used in consumer and consumption.
In addition, water is also important in many
activities such as industry, agriculture, transport,
etc. The environment is simple and can be applied
in teaching at various levels further. Because of
the fact that the teaching and learning information
is not used in this study, the idea is to create a
study guide for the study of macroinvertebrates.
To use in teaching and learning activities, students
should be aware of the value of their local
resources as well as to raise awareness about
resource conservation.

For the above reasons, Researchers are
interested in studying the quality of the Wang
River water using macroinvertebrates as
biological indicators, together with the quality of
the physical and chemical composition of the
water quality of the Wang River and to create an
Efficiency Study Guide Learning (ESGL) tools



for the environmental education activities for
school teaching and learning.

2. METHODS

The Macroinvertebrate sampling was
conducted at five sampling sites along the Wang
River. The sampling was carried out from Janury
to July 2018. Environmental and physical and
parameters included air temperature (°C), water
temperature (°C), dissolved oxygen (mgL™),
water velocity (mS!), pH, electric conductivity
(uS.cm') were measured in the field during
sampling. Abiotic factors were also measure
including biochemical oxygen demand (mgL')
and analyses of dissolved inorganic nutrients
(ammonium, NH4"; nitrite, NO2  and soluble
reactive phosphorus, PO4> (APHA, 1992).

Three replicates of macroinvertebrates
were collect at each site using the multi-habitat
sampling technique described by Wang et al.
(2012) which provides a more comprehensive
sampling of total richness than fixed area sampler
(Harrington et al., 2016, Resh and Rosenberg,
1984). Sample at each site were undertaken using
a standard pond net (mesh size, 250 um) with the
total time (5 minutes per replicate). The sample
were preserved in 70% ethanol. In the laboratory
the samples were washed and all
macroinvertebrates were sorted under a
stereoscopic microscope (Tomanova et al., 2006).
The taxonomical identification was conducted to
the family level using taxonomic references by
Merritt and Cummins (1996), and Mekong River
Commissions (MRC, 2008)

3. RESULT

The diversity and distribution of
macroinvertebrate from 5 samplingsites of wang
River were slightly difference. The physical and
chemical properties of the upstream (site 1-2)
shown a higher value and constancy than the other
sampling sites. On the other hand, the distribution
of macroinvertebrate was difference in term of
diversity and abundance along the Wang River.
The overall macroinvertebrate diversity and
abundance were moderate to high compared to the
previous research of Northern Thailand.
Moreover, the abundance has been increasing
from upstream to downstream, thus the diversity
was depending on the appropriate in some
sampling sites.

4. DISCUSSION

The human activities and the
environmental variable were difference in each
sampling of Mae Wang River. Not only

environmental condition but the distributions of
macroinvertebrate were also difference. The
nutrients in the upstream were slightly difference
in winter and summer season but the downstream
were significantly difference. The Wang River
riparian land use were agriculture activities so he
nutrients may release and discharged to the river
in the harvest season (Giorgeo, et al, 2016). The
nutrients were influence to producer as algae and
other plant that might related to the distribution of
macroinvertebrate through the ecosystem food
chain. The water level would be reduced in a
summer season and make a lower volume of water
than winter season. This may have revealed a
physical and chemical substance concentration in
the Wang River and impact to the
macroinvertebrate ( Goldman and Horne, 1982)
The distribution of macroinvertebrate were
related to the water condition and could be used
as a Monitoring tools for water quality bio-
indicator. Water quality monitoring has been used
to assess water quality since the 20th century
(Abbasi and Abbasi , 2012). Previously, physical
and chemical methods have been used for almost
85 years. Large groups of invertebrates are used
to assess water quality impacts and monitor
widespread water pollution. However, this old
water quality test was not comprehensive and
accurate. The BMWP Score system needs to be
developed to match the current environment.
However, the contaminated pollutants in some
water sources are difficult to analyze and detect
by chemical or physical so the macroinvertebrates
can be used as biological indicators that indicate
the presence of pollutants. Because the movement
is the limit and have a long life expectancy of
approximately 1 year. It can be checked all year
round or every sampling period. It is therefore
appropriate to use a biological index for efficient
water quality monitoring.

5. CONCLUSION

The overall distributions of
macroinvertebrate communities in Wang River
were higher from upstream thus the diversity was
depending on the site. The macroinvertebrate
distributions were related to the water properties
and difference season thus it could be use as tool
for monitor the changing of water condition by the
macroinvertebrate distribution in Wang River.
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