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ABSTRACT

The Hienuki River, located in Iwate Prefecture, Japan, originates on Mt.

Hayachine, and joins the Komata River at a confluence downstream from the Hayachine
dam. Construction of the Hayachine dam on the Hienuki River was completed in 2000.

Previous to this study little research had been done on these rivers.

This study found the overall species diversity of aquatic insects to be high in both

the Hienuki and Komata Rivers. Twenty-five families, 50 genera, and 125 species of

Ephemeroptera (mayflies), Plecoptera (stoneflies), and Tricoptera (caddisflies) were

identified. Among them, two families and 15 genera are unknown in North America.

Many taxa may have immigrated into the sampling area from the north (Hokkaido,
Sakhalin and Kamchatka) or south (Honshu) through landbridges during the Pleistocene.

The aquatic community was negatively affected by the Hayachine dam at the

outlet, but recovery was seen within 4 km. Water chemistry was similar both upstream

and at the outlet. Among the causes of community change may have been (1) the

elimination of drifting aquatic insect fauna from upstream, (2) fluctuation of water flow

and (3) destruction and alteration of food sources. The changes in food sources included

(1) changes in algal growth and (2) reduction of coarse particulate organic material,

(settled out in the reservoir) which resulted in the elimination of shredders. Flow

manipulation may have caused the alteration of the algal community at the outlet, which

in turn caused a reduction of scrapers. Furthermore, the abundance of blackfly larvae

increased as the abundance of the caddisfly species (Hydropsyche orienta/is Martynov)

gradually decreased beginning in late May 2002. This decrease may have been the result

of competition, since both blackflies and Hydropsyche are filter feeders.

Cyanobacteria species that were commonly found in subaerial and aerial habitats were

abundant at the outlet from late May 2002. This suggests that low water and fluctuation

in water levels occurring between the middle and end of May 2002 had an effect on the

cyanobacteria community. The presence of blackfly larvae and hydropsychid larvae are

characteristic of the outlet of natural lakes. Their presence at the outlet of the Hayachine
dam indicates a similarity with natural lakes.

This study showed that species diversity and community similarity indices may

be unsuitable for ecological study. Species diversity indices showed little species
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richness at each site, and tended to focus attention on the few most dominant species.

Community similarity indices generally showed the similarity between upstream and

downstream mayfly and the overall communities (mayflies, caddisflies, and stoneflies

combined). However, these indices failed to detect differences for the caddisfly

community. In addition, these indices were unable to quantify (1) the impact of the dam

at the outlet and (2) recovery downstream. Rank abundance curves and tables may

provide better pictures of species diversity and the community change of aquatic insects

and thus be preferable to these indices.

It is concluded from this study that the surface-release features ofHayachine dam

prevented the extreme damage that is done to river communities by hypolimnion dams.

Hayachine dam appears to be similar to a natural lake on a river, where changes appear

to be minimal, and recovery is very rapid - within about 4km, compared to lOO's ofkm

in the case of dams with hypolimnion drains.

It is recommended that from the point of view of natural communities, dams

installed in geographic areas with large seasonal fluctuations in temperature should be

designed with surface or temperature regulated release. This recommendation is

especially critical in areas where winter temperatures drop below 4°C and reservoirs and

lakes are stratified.
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"It is the aim of science to establish general rules which determine the reciprocal
connection of objects and events in time and space. For these rules, or laws of nature,

absolutely general validity is required - not proven."

Albert Einstein, in Science, Philosophy and Religion, A Symposium, 1941.

"What is meant by scientific evidences and scientific proof? In truth, science can never

establish "truth" or "fact" in the sense that a scientific statement can be made that is

formally beyond question. All scientific statements and concepts are open to

reevaluation as new data is acquired and novel technologies emerge. "Proof", then, is

solely the realm of logic and mathematics. That said, we often hear "proof" mentioned in

a scientific context, and there is a sense in which it denotes "strongly supported by
scientific means". Even though one may hear "proof" used like this, it is a careless ami

inaccurate handling of the term."

Douglas Theobald, 29+ Evidences for Macroevolution, 2003.
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1. INTRODUCTION

1.1 Background of the Study
The Hienuki River, located In Iwate Prefecture, Japan, originates on Mt.

Hayachine, and joins the Komata River at a confluence downstream from Hayachine
dam (approximately lat. 390 58'N, long. 1410 13'E). In 1987, the Japanese government

decided to construct this dam and it was completed in 2000. During the construction of

the dam, local residents noticed many changes in the river. The water became muddy
downstream (personal communication to local residents, 1998), and although local

residents released fish fry into the downstream river, the fish disappeared soon after

being released. Since construction was completed in 2000, the river water has become

clear, and some fish, such as Japanese medaka (Oryzias latipes (Temminck & Schlegel,

1846)) have reappeared in the downstream region (personal observation, 2000). These

changes in the physical and biological properties of the Hienuki and Komata Rivers have

increased the interest which local residents take in the rivers and in the effects of the

dam. Because little research had been done prior to construction, this study will

document both the changes that have occurred in the community of aquatic organisms
and the effect of the Hayachine dam.

1.2 Objectives

Objectives are: 1) to determine species composition of the aquatic insect and algal
communities in the Hienuki and Komata Rivers, and 2) to compare the aquatic insect

and algal communities upstream and downstream of the Hayachine dam on the Hienuki

River.
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�) 1.3 Literature Review

Reservoirs are man-made lakes. There are two major types of reservoirs,

epilimnial- and hypolimnial- released reservoirs. Both reservoirs regulate seasonal

fluctuation of river and stream flow downstream (Smith & Smith, 2001). However, each

type of reservoir affects downstream aquatic communities differently. In this chapter, I

briefly discuss the two reservoir ecosystems and the effect of each type of reservoir on
.

downstream aquatic communities. Also, because dam removal has recently been

widespread in U.S., I briefly discuss the effect of dam removal aquatic communities.

)

1.3.1 Overview of Reservoir Ecosystems
Most of a reservoir's water with nutrients and particles enters at the upstream end

at a principal inflowing river (Kalff, 2002). Reservoirs store particles (mainly silt),
nutrients from agricultural and land uses (e.g. phosphate and nitrate), and pollutants
bound on sediments. They (except for nitrate) stay and accumulate over time.

Phosphate (pO/-) has a high affinity for mineral surfaces and therefore easily attaches to

sediment and soil particles (Stanley and Doyle, 2002).
.

Nitrate (N03-) is removed

through denitrification (see Appendix 3). Sediments in reservoirs are sometimes

contaminated by sediment-bound contaminants, such as heavy metals (e.g. Cd, Co, Cr,

Cu, Fe, Mn, Ni, Pb, and Zn in bottom sediments of Lake Nasser, Egypt (Moalla et al.,

1998» and polychlorinated biphenyls (PCBs) (Hart et al., 2002). Reservoirs have the

greatest possibility for stable temperature stratification near a dam (Kalff, 2002).
Reservoir ecosystems are intermediate between rivers and natural lakes in

relation to morphology, hydrology, nutrient loadings and cycling, and sources of organic
matter (Wetzel, 2001). The development of attached algal and rooted macrophyte
communities is restricted because of large water level fluctuation due to flood control

and hydropower operations and light limitations from abiogenic turbidity due to

suspended silts and clays eroded from the watershed (Kimmel et al., 1990; Wetzel,

2001). As a result, much of the primary production within reservoirs is by

phytoplankton (Wetzel, 2001).
Reservoirs have unique ecosystems. Serra et al, (2002) found that in the

Boadella reservoir, Spain, diatoms were the dominant epilimnetic phytoplankton speciesJ
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with the range 92-97% of total population and the rest were green algae during summer

and fall. They also found that the subsurface maximum of chlorophyll a in the early
bloom phase was wider at stations in riverine zones than at stations situated closed to the

dam of the reservoir, because the supply of nutrients due to mixing might be higher at

stations where mixing was the highest, i.e. upstream;

Aquatic macroinvertebrates that dominate in artificial reservoirs might be

collectors and filter feeders. For example, Mason (1983) found nine chironomid species
in Tobin Lake, Saskatchewan. Grubbs and Taylor (2004) found 10 filtering-collector
taxa from the Green River and Nolin River in a reservoir of Lock and Dam #6 in

Mammoth Cave National Park, Kentucky. Isonychia sp. (Ephemeroptera: Isonychiidae)
and Simulium sp. (Diptera: Simuliidae) were collected nearly exclusively from the

riverine zone of the Green River during 2001 and 2002. Cheumatopsyche sp.,

Hydropsyche sp. (both Trichoptera: Hydropsychidae) and Neureclipsis sp. (Trichoptera:

Polycentropodidae) were similarly distributed, occurring mainly in the Green River end.

In contrast, Cyrnellus foraternus and Nyctiophylax sp. (both Trichoptera:

Polycentropodidae) were collected mainly from Nolin River and Green River

transitional/lacustrine zone. There is little scientific information available for reservoir

ecosystems. Scientific research on reservoir ecosystems may be a new field of study in

aquatic ecology.

1.3.2 The Effect of Surface- (or Epilimnial-) Release Reservoirs on Downstream

Aquatic Community

)

Epilimnial reservoirs release summer warm and winter cold water. The water is

well-oxygenated (petts, 1984), and contains high nitrate (N03-) (Martin and Arneson,

1978), and low nutrients (POl-) and ions (Wright, 1967). Accumulation of N03-

develops in the epilimnion, because nitrification requires oxygen (see Appendix 3) and

occurs in oxygenated water in epilimnion. The reservoirs release water with

phytoplankton and zooplankton downstream (Stoud and Martin, 1973; Petts, 1984).
These lake plankton entering rivers and streams undergoes a quantitative decrease as it

flows down the rivers and streams, irrespective of season (Chandler, 1937). For

example, during peak periods of abundance, about 1-2% of plankton was found 6.5 km

3
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) downstream from Cow Green Dam that released mixed water from epilimnion and

hypolimnion, and the decline in density of the plankton was greatest in the first 1.4 km

(Armitage and Capper, 1976).

Hypolimnial reservoirs with selective withdrawals allow the release of water

from various strata of the reservoir, and release a desired river temperature downstream

of the impoundment (Fontane et aI., 1981). The reservoirs have a temperature control

device (TCD) that allows top strata of water to be released during early spring to

summer and bottom strata of water to be released during late summer to winter

(Lieberman et al., 2000). During early spring and summer, stratification occurs in the

reservoirs (Smith & Smith, 2001). Epilimnetic water containing high oxygen levels,

small particles of organic matter composed mainly of detrial and small plankton

fragments, phytoplankton, zooplankton, and plant fragments is released downstream

(Lieberman et aI., 2001). Late summer turnover occurs in the reservoir. Water

temperature becomes stable (about 4°C) through depths. and contents in the reservoirs

are well mixed until winter (Smith & Smith, 2001). Hypolimnetic water containing
similar contents to epilimnic water is expected to be released downstream.

There is little information available for the effect of epilimnial reservoirs and

hypolimnial reservoirs with selective withdrawals on downstream aquatic community.
Petts (1984) indicates that large numbers of filter-feeding organisms, particularly net

spinning caddis-larvae (Trichoptera) and blackfly larvae (Simuliidae, Diptera) are

abundant below epilimnial reservoirs. Fish diversity and productivity might be related to

their food source, which is aquatic benthos..

1.3.3 The Effect of Bottom- (or Hypolimnial-) Release Reservoirs on Downstream

Aquatic Community

Hypolimnial reservoirs release summer cold and winter warm water with low

dissolved oxygen (DO) from hypolimnion. The water contains high concentrations of

silt, iron, manganese, heavy metals, ammonium (NH4"), sulfides (Speece et aI., 1982;

Cada et aI., 1983; Brown et aI., 1989), and POl". Iron and manganese in hypolimnion
are in the reduced ferrous (Fe2") and manganous (Mn2") forms prior to release from the

)
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reservoirs, and oxidized to ferric (Fe3") and manganic (Mn3") forms during time of travel

or resuspension associated with change in flow (Ashby and Hall, 1997).

High nutrient (PO/- and N1iJ") concentrations are released from hypolimnial
dams. Lakes and reservoirs with anoxic hypolimnia often accumulate high total

phosphorus (TP) concentrations in their hypolimnia (Nurnberg et al., 1987). For

example, in the Callahan Reservoir, Missouri, TP discharged from the reservoir was

44% of the TP inflow, and the remaining 56% was deposited with sediment in the

reservoir (Heinemann et al., 1973). Hypolimnetic withdrawal decreases epilimnetic TP

concentrations in reducing internal P load primarily via TP export (Nurnberg, 1987).
Most of P in hypolimnetic water is PO/-, with little organic P (Ruban and Demare,

1998). Hypolimnetic discharges from upstream reservoirs increase the nutrient

availability for phytoplankton production in downstream reservoirs during the growing
season (Elser and Kimmel, 1985; Camargo et al., 2005).

High concentrations of nutrients (NH/ and POl-) released from hypolimnial
dams affect downstream algal community. Hypolimnial dams provide only low

concentrations of both phytoplankton and zooplankton (Petts, 1984), but the more stable

substrate, the increased nutrients, and the higher winter temperatures enhance

productivity of benthic algae below the dams (Ward, 1976). For example, Gore (1977)
found that the area affected by the hypolimnial discharge from Tongue River Reservoir

Dam, Montana, had dense mats of Cladophora. Usher and Blinn (1990) and Shaver et

al. (1997) found that the clear, cool, nutrient enriched waters ofhypolimnetic discharges
below Glen Canyon Dam, Arizona promoted dense stands of Cladophora glomerata (L.)
Klitz and Oscillatoria sp. Cladophora glomerata (L.) Klitz is a common filamentous

green alga in the tailwater system of dams (Usher and Blinn (1990), and Oscillatoria sp.

is a filamentous blue-green alga, which is abundant in the outlet of Glen Canyon Dam

(Shaver et al., 1997). Therefore, increased nutrient levels from hypolimnion enhance

benthic algal growth.

Hypolimnial water with seasonally reduced DO might affect aquatic
macroinvertebrates below dams (Isom, 1971). Discharges from anoxic hypolimnia are

often associated with high levels of hydrogen sulphide (H2S) (petts, 1984; Ruban and

Demare, 1998), which are suggested as the cause of the low species-diversity, dominated

5
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by Chironomidae, with a few species, tolerant of the altered environment, reaching
unusually high population densities owing to reduced competition (petts, 1984). Low

DO concentrations could be ruled out for aquatic benthic community downstream, since

the effect would hardly be expressed 50-100 Ion downstream from the dam (Lehmkuhl,

1979).
Changes of thermal regime in hypolimnial water reduce many benthic fauna

downstream (Briggs, 1948; Spence and Hynes, 1971a; Lehmkuhl, 1972; Ward and

Collins, 1974). For example, Lehmkuhl (1972) found that 19 species of mayflies were

found in the control area upstream, but no species was collected below the Gardiner

Dam, Saskatchewan, and mayfly species had less than 40% recovery even 70 miles

. downstream from the outlet. Chironomidae (Diptera) seems best able to withstand

conditions below hypolimnial dams (Lehmkuhl, 1972; Ward, 1975; Scullion et aI.,

1982).
Summer warm and winter cold water from hypolimnial dams eliminates stimuli

for seasonal life cycles of many aquatic macroinvertebrates. Lehmkuhl (1972) found

that the required temperature for life cycle ofEphoron album was not met near the dam.

He concluded that the required temperature sequence for breaking diapause and

stimulating egg hatching and growth was absent, or the total degree-days (especially in

spring) needed for growth and adult emergence were not attained.

Furthermore;. the seasonal thermal constancy below the dams may eliminate

stimuli for life cycle for some aquatic benthos (Lehmkuhl, 1974; Ward, 1975). For

example, the thermal constancy attributes to the emergence failure of the plecopteran

Ptenarcys california below hypolimnial dams (petts, 1984). Therefore, stimuli essential

for the completion oflife cycles are eliminated by hypolimnial dams (Lehmkuhl, 1974).
Alternation of thermal regime in hypolimnetic water also affects population of

some fish. For example, Spence and Hynes (1971b) found that four cyprinid species

(Hybopsis biguuata, H. micropogon, Pimephales notatus, Notropis spilopterus) were

absent below a flood control dam, because the hypolimnial water had a maximum

summer temperature 7°C lower than upstream. However, some fish are tolerant to cold

water. For example, flannelmouth suckers can tolerate of cold water and the highly

regulated, stenothermic conditions in the Colorado River below Glen Canyon Dam,



..___)

Arizona (paukert and Rogers, 2004). Therefore, alternation of water temperature affects

some fish.

Increased concern of the impact of altered water temperature on aquatic

organisms has improved technology to manage water temperature from hypolimnial
dams. For example, Flaming Gorge Dam, Utah allows water to be withdrawn from

different depths, resulting in summer temperatures that are close to optimal (12-14°C)
for trout growth (Filbert and Hawkens, 1995). However, benthic invertebrate biomass

below the dam is abundant, inverterate diversity is low and seven taxa account for about

90% of total numbers (Filbert and Hawkens, 1995). Although technology for

temperature management has improved, it might be difficult to get complete recovery of

invertebrate diversity below hypolimnial dams.

1.3.4 The Effect of Dam Removal on Aquatic Community
In order to understand the impact of a dam on a river it is useful to review the

opposite situation - the removal of dams. In this section, I discuss briefly the

background of dam removal in the U.S. and the effect on aquatic community. Dams

provide significant benefits to society (e.g. flood control and hydropower), but they
affect downstream aquatic ecosystems. In the U.S., increased concern regarding
environmental, social, and economic impacts has led to growing support for dam

removal as a method of removing barriers to aquatic organisms and as an economical

river restoration tool (Mistak et al., 2003).

1.3.4.1 The Background of Dam Removal in the U.S.

The U.S. Army Corps of Engineers maintains a National Inventory of Dams,

which includes more than 76,500 "large" structures, and there are an estimated

2,000,000 or more "small" dams that are not included in this national data base (poff and

Hart, 2002). The majority of dams being removed are small dams that are less than 5m

in height (poff and Hart; 2002).
The central justification for removing dams includes environmental, social, and

economic concerns. From environmental perspectives, the U.S. is concerned about three

fundamental alternations: (a) alteration of water temperatures (Lemhkuhl, 1972; Gregory

7
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Gregory etc., 2002; Poff and Hart, 2002), (b) alternation of the downstream flux ofwater

and sediment (Graf, 1999; Pizzuto, 2002; Poff and Hart, 2002), and (c) alternation of

upstream-downstream movement of organisms and nutrients (Poffand Hart, 2002).
From social and economic perspectives, U. S. concerns are safety and high repair

costs. The functional lifespan of most dams is generally approximately 60-120 years,

because the reservoir is gradually filled by sediment (Doyle et aI., 2003b), and that is the

point at which concrete begins to deteriorate (pejchar and Warner, 2001). However,

small dams age rapidly by accumulating sediment (or silt) through time, which decreases

the storage capacity and blocks water flow (Smith et aI., 2000; Orr et at, 2004) and

deteriorates construction materials (Poff and Hart, 2002). Therefore, small dams require
.

extensive and potentially costly repairs (Johnson and Graber, 2002).
In the U.S., decisions about whether or not to remove a dam are often made in

the context of regulatory proceedings including Dam safety proceedings, Hydropower
dam regulation, and the Endangered Species Act, and once a decision has been made to

remove a dam, it requires permits from state, federal, and local authorities (Bowman,

2002).

)

1.3.4.2 The Effect of Dam Removal on Aquatic Communities

Scientific studies of dam removal have just recently been started, so ecological
studies on dam removal are scarce (Hart et aI., 2002). Scientists have started to examine

the export of sediments downstream and the effect on the downstream aquatic

community.
As mentioned in section 1.3.1, reservoirs store particles, nutrients, and pollutants

bound on sediments. They (except for nitrate) stay and accumulate over time.

Phosphate (pol") has a high affinity for mineral surfaces and therefore easily attaches to

sediment and soil particles (Stanley and Dolyle, 2002). Notrate (N03") is removed

through denitrification (see Appendix 3). Sediments in reservoirs are sometimes

contaminated by sediment-bound contaminants (e.g. organic substances, heavy metals,
and polychlorinated biphenyls (PCBs» (Hart et at, 2002). Once dams are removed, the

finer grain size fractions in sediments are removed first as discharge rises (Wohl and

Cenderelli, 2000). Dolyle et a1. (2003) found that removal of the Cockdale and
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Rockdale Dams on the Koshkonong River, Wisconsin resulted in immediate increased

downstream sediment concentrations. Bank stability increases in the formerly

impounded area following dam removal (Kanehl et aI., 1997).

Algal biomass and richness might be affected after dam removal because

nutrients accumulated in sediments might be transported downstream. Thomson et al.

(2005) found that diatom richness and algal biomass were severely reduced at

downstream sites after dam removal on Manatawny Creek, Pennsylvania because of the

export of impounded sediment downstream. However, Bushaw-Newton et al. (2002)
found that algal biomass downstream from the same dam tended to be greater than

upstream, and the magnitude of this upstream and downstream difference was smaller

after dam removal. Therefore, the effect of dam removal on algae is uncertain.

Abundance and assemblage of aquatic macroinvertebrates might be affected after

dam removal. Thomson et al. (2005) found significant reductions of macroinvertebrate

abundance at downstream sites that persisted for at least 12 months after a dam removal

on Manatawny Creek, Pennsylvania because of the potential for impoundment sediments

to be transported downstream. Bushaw-Newton et al. (2002) found that prior to the same

dam removal, the benthic fauna was characterized by taxa that are common in lakes and

reservoirs (e.g., caenid mayflies, chironomid midges, and oligochaete worms). Within

nine months after the dam removal, the assemblage included taxa that are more typical
of rime and run habitats, including a diverse array of mayflies, stoneflies, and

caddiesflies (Bushaw-Newton et al., 2002).

Stanley et al. (2002) found that after two dams on the Baraboo River, Wisconsin

were removed, characteristically lentic taxa such as tubificid worms, chironomids

(Chironomus and Polypedilum), and burrowing mayflies (Hexagenia) prevailed in

impounded reaches, whereas net-spinning caddisflies (Cheumatopsyche and

Ceratopsyche), naidid worms, the chironimid Orthocladius, and a heptageniid mayfly

(Stenonema) typified the free-flowing reaches including the upstream, the outlet, and

reaches above dams following removal. It is common to find community overlap from

adjacent systems at the interface between a lake and a stream (pollard and Reed, 2004).

However, abundance of aquatic macro invertebrates might be potentially decreased after

9
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dam removal, and assemblage of aquatic macroinvertebrate after dam removal might be

dominated by lotic taxa.

Dam removal might affect the fish community downstream. Kanehl et aI. (1997)
found that removal of the Woolen Mills Dam on the Milwaukee River, Wisconsin

caused the decline in the common carp population within the formerly impounded area

because the conversion of the area from a lentic to a lotic environment that provided less

suitable habitat for the species. After dam removal, migratory fish species used the

newly accessible areas for spawning (Kanehl et aI., 1997). Furthermore, the abundance

of riffle species downstream of a dam on Manatawny Creek, Pennsylvania increased

above preremovallevels (Bushaw-Newton et al., 2002). Therefore, dam removal might

provide benefits to migratory and riffle fish species.
Dam removal will create two classes of bare sediment: (1) downstream deposits

transported from the former reservoir pool and upstream sources and (2) surfaces within.

the former reservoir pool (Shafroth et aI., 2002). These sediments can be colonized by

riparian plants (Shafroth et aI., 2002).
Scientific information on the effect of dam removal is limited. However,

scientific evidence above shows that in long term, dam removal might provide positive
effects on aquatic community as well as economy. There are many uncertainties in this

area of study. Therefore, more scientific investigation on the effect of dam removal is

expected. However, from an ecological point ofview, removal of dams causes a number

of changes in the flora and fauna and the physical environment. Examination of dam

removal provides some insights into the opposite - dam construction.

10
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2. DESCRIPTION OF STUDY AREA

The study area contains a segment of the Hienuki and Komata Rivers in Iwate

prefecture, Japan (Fig. 2.1 - 2.4). Geological formation of the study area initially
occurred in the Paleozoic era. The Hienuki River originates on Mt. Hayachine, and it

meets the Komata River at a confluence downstream in a local residential area.

Hayachine dam was constructed on the upstream area of Hienuki River in 2000. The

Hienuki and Komata Rivers have supported nature, culture, society, and spirituality in

the study area.

2.1 Geological History of Study Area

The study area initially formed in the Paleozoic era. The type locality of the

Japanese Paleozoic is found in the area of Hienuki and Komata Rivers. Crustal

movements are recognizable from the later Devonian, before the late Ordovician, the late

Carboniferous and the middle Permian (Geological Survey ofJapan, 1960). The area of

the Hayachine dam is mainly sandstone and claystone from the Carboniferous age (The

Department of Prefectual Land Development, 1992b). Because of the geological

makeup of the area, it had been noticed that it was not suitable for the dam construction,

but it nonetheless was constructed in 2000 (personal communication with Hayachine
dam construction workers, 1999). All volcanic activity in the study area has ceased.

2.2 Hienuld River and Komata River

The Hienuki River originates from Mt. Hayachine, which is 1917m in height

(Hokkaido Map Corporation, 1996) (Fig. 2.2). The upper 1.5km of the river is called the

Take River, and the name of the river changes to the Hienuki River at this point

(Personal communication, local government, 2002). The total length of the Hienuki

River is 31.641km (personal communication, local government, 2002). The Komata

11
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(The UrWersIty Of Texas. 2002)

Japan
(Geogrophy at AbOut, 2001)

I

Okirrawa

Figure 2.1. World map and a map of Japan. Blue area shows Iwate prefecture.
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Figure 2.2. Overview of sampling sites (Hokkaido Map Corporation, 1996).
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Upstream sampling sites and the outlet
(Hokkaido Map Corporation, 1996)

Figure 2.3. Upstream sampling sites and the outlet (Hokkaio Map corporation, 1996).
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Figure 2.4. Downstream sampling sites (Hokkaido Map Corporation, 1996).
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Figure 2.5. Air and water temperatures (OC) of the Hienuki River downstream during
this study.
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River originates from Mt. Takamori, which is 881m in height (Nitchi Publication

Corporation, 1998) (Fig. 2.2). The length of the river is 9 km (personal communication,

local government, 2002), and the river meets the Hienuki River approximately 4 km

downstream from the Hayachine dam.

Air and water temperatures of the Hienuki River downstream during this study
are shown in Figure 2.5. In general, May is relatively dry and warm. In May, sunny

days continue for several weeks, and air temperature gradually rises. During this study,
the rainy season started on 11 June 2002 (Iwate Nichi Nichi Newspaper, 2002). In June,

humidity and precipitation increase. The rainy season is usually finished by the middle

of July. During this study, it continued until 23 July 2002 (Japan Meteorological

Agency, 2005). Fig. 2.5 shows that air temperature fluctuated while water temperature

was relatively stable during the rainy season.

A fish hatchery is located upstream from the dam on the Hienuki River (Fig. 2.3).
The size of the hatchery is approximately 900 hectares (Personal communication with

local residents, 2003). The hatchery has eighteen artificial ponds made of concrete (Fig.

2.6), and mainly grows Iwana (Salmo (Oncorhynchus) masou masou) and Yamame

(Salvelinus leucomaenis f) (Personal communication, local fisherman's cooperative
association,2002). The hatchery is surrounded by mountains (Fig. 2.6), and uses stream

water from the mountains to hatch fish (Fig. 2.7). Drainage from the hatchery directly
goes to the Hienuki River (Fig. 2.8 and 2.9).

Figure 2.6. Artificial ponds in the fish hatchery.
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Figure 2.7. Water tanks for stream water. The stream water is collected in the tanks and
released into the artificial ponds.

Figure 2.8. Drainage from the fish hatchery (left). The drainage is released into the
Hienuki River (right).

Construction of the Hayachine Hydroelectric Dam was first planned on the

Hienuki River by the Department of Prefectual Land Development in the 1960s, and the

plan was revived in 1987. Dam construction started in June 1988 and was completed in

2000 (The Department of Prefectual Land Development, 1992a). The dam is 73.5m in

height and can hold a maximum of 17,250,000m3 of water (Department of Prefectual
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Land Development, 1992b). Purposes of the dam are flood control, a water supply for

the dry season, and hydropower generation.

Figure 2.9. The Hayachine dam.

The Hayachine dam is an epilimnial-released reservoir (Fig. 2.9 and 2.10). The

dam is released into a hydroelectric power plant located just below Hayachine dam (Fig.

2.11). The water is released to the Hienuki River downstream (Fig. 2.12). The power

plant can generate a maximum of 1400kw with 3.5m3 per second flow, and is expected
to generate 7,684,000kw per year (The Iwate Prefectual Industrial Bureau, 2000). The

released water goes through local residential areas and meets the Komata River at the

confluence.
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a. b.

c.

Figure 2.10. Inside of the Hayachine dam. Photo a: The passway inside the Hayachine
dam. Photo b: The amount of water that has leaked from the dam. Photo c: Water is

leaking from a pipe through concrete of the dam.



Figure 2.11. Hayachine hydroelectric power plant. Left: Outside ofHayachine
hydroelectric power plant. Right: A turbine inside the power plant.

Figure 2.12. Water from the Hayachine dam. Left: Water is released from the upper
part of the dam during early spring and when typhoons arrive in the sampling area.

Right: Water is released from the bottom part of the dam through the hydroelectric
power plant during dry season.

Hienuki and Komata Rivers are important for local residents in cultural, social,

and spiritual ways. However, the local government had no regulations for those rivers

until now. There was no sewage treatment system in the local residential area where

samples were collected. Wastewater from local residents was released directly into the

Hienuki and Komata Rivers (Fig. 2.13), and garbage that local residents burned on the

21



riverside was also released into those rivers (Fig. 2.14). In addition, some local

residents, mountain hikers, and construction workers threw their garbage into the rivers

(Fig. 2.15). Because local residents and the local government seriously concerned about

decreased water quality and destruction of the natural environment in their areas, the

local government received financial aid from the federal government and installed pipes
for drainage systems in local residential areas (Personal communication, local

government,2002). Local residents paid for drainage pipes in their houses and connect

to the main pipes of the drainage system (Personal communication, local government,

2003).

Figure 2.13. Wastewater from local resident.
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Figure 2.14. Burned garbage. Left: Burned garbage on the riverside at site 4. Right:
Burned garbage (black area at the bottom) carried by river water when typhoons came to

the sampling area during this study.

Figure 2.15. A garbage bag caught by an artificial substrate.

Furthermore, the prefectual government has made a tougher law restricting

burning garbage on the riverside. The burning garbage on the riverside has been

prohibited since April 2005 (personal communication with the local government, 2003).
Tree branches are allowed to be burned on the riverside, whereas burning is strictly

prohibited (personal communication with the local government, 2002). The local

government has distributed brochures about the new environmental laws to the local

residents. These actions have been very successful.

In addition to drainage from local residents, the Hienuki and Komata Rivers

provide and receive irrigation water to/from rice paddy fields (Fig. 2.16a and b). In the

23



a. b.

c.

Figure 2.16. Rice paddy fields and logging sites. Photo a: Rice paddy fields (Kerst,
2002). Photo b: Pipe to pump irrigation water for rice paddy fields from the Hienuki
River at site 1. Photo c: an area that trees have been re-planted by a forest company after

logging.
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e.

Figure 2.16. Rice paddy fields and logging sites (continued). Photo d: A road leading to
logging areas. Photo e: A small stream coming from logging sites.
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local areas, rice grows once a year. Rice (Oryza sativa) that local fanners commonly
cultivate is 'Akita Komachi'. The rice is a rapidly maturing variety and popular in

northern Japan because of its good quality and resistance to low-temperature damage

(Inubushi et at, 2003). In the middle of May, irrigation water is pumped from Hienuki

and Komata Rivers, and carried to rice paddy fields through canals and pipes (personal
communication with local farmers, 2005). The irrigation water has usually followed the

natural slope of the land (Moore, 1990). The water requirement for land preparation is

commonly of the order of300-700 mm, and a transplanted rice crop which is in the field

from transplanting to harvest for 100 days will require 540-1620 mm of water

(Greenland, 1997). In the local area, the irrigation water is drained into Hienuki and

Komata Rivers about one month before harvest in September or October (personal
communication with local fanners, 2005). While Hienuki and Komata Rivers flow from

their origin to the local residential areas, those rivers support the local society.
Mountains around Hienuki and Komata Rivers have undergone logging. Most of

the mountains are private properties. After cutting trees in an area by a logging

company, the company re-plants trees in the area (Fig. 2.16c). There are roads going to

logging sites in mountains (Fig. 2. 16d), and there are small streams coming from logging
sites (Fig. 2.16e). These streams connect to Hienuki and Komata Rivers.

During this study, fish fry were released into the Hienuki River from 150m

downstream ofHayachine dam (personal communication, local fisherman's cooperative
association, 2002). In spring and fall, the association releases about 150 tonnes of fry of

Iwana (Sa/mo (Oncorhynchus) masou masou) and Yamame (Sa/velinus /eucomaenis f.)
to the Hienuki River. Fry of Ayu (P/ecog/ossus a/live/is alttvelisy is produced in Lake

Biwa and transported to Iwate. During spring, the association releases approximately
150 to 200 tonnes ofAyu to the Hienuki River (Fig. 2.17).
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Figure 2.17. Release of fry of Ayu (Plecoglossus altivelis altivelis) by local fisherman's
cooperative association at site 6. Top: People in the association are preparing to put a

pipe down the Hienuki River. Bottom: Fry of Ayu is being released though the pipe to

the river.

2.3 Description of the Study Sites

Eight sites were used in this study. Sites 1, 2, 3, 4, 5, and 6 are located on the

Hienuki River, and sites 7 and 8 are on the Komata River (Fig. 2.3 and 2.4).



2.3.1 Site 1: The Most Upstream Site on the Hienuki River

Site 1 is located approximately 3.0km upstream from the Hayachine dam, and

approximately 6.0km downstream from the fish hatchery (Fig. 2.3). Channel width at

site 1 is approximately 6m, and maximum water depth is 50 to 60cm. The substrate

consists of large boulders. There is no canopy covering this site, and weeds grow on

both side of the river (Fig. 2.18). There are 2 houses on the riverside. One house is

empty, and the other house is occupied by local residents. They own rice paddy fields

on the riverside. They utilize the river water for irrigation (Fig. 2.16b), and the irrigation
water is directly released into the Hienuki River before harvest. No burned garbage was

found at this site during this study. Current velocity during the period of study was

approximately 1. Om per second.

Figure 2.18. Site 1.

2.3.2 Site 2: Upstream on the Hienuki River

Site 2 is located in Oinokubo Riverside Park, which is approximately 2.0km

upstream from the Hayachine dam (Fig. 2.3). The park was constructed during dam

construction (Civil Engineering Sector in the Hanamaki Local Bureau, 2000). Channel

width at site 2 is approximately 4m, and maximum water depth is 50 to 60cm. The

substrate consists of relatively large boulders. This site is not covered by a tree canopy,

and there are weeds growing on both sides of the river (Fig. 2.19). Two residential

houses and their rice paddy fields are found approximately 500m upstream from site 2.
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No burned garbage was found at this site during this study. Like site 1, current velocity

during the period of this study was approximately 1.0m per second.

Figure 2.19. Site 2.

2.3.3 Site 3: Outlet of the Hayachine Dam

Site 3 is located approximately 150m downstream from Hayachine dam (Fig. 2.3

and 2.4). Channel width is approximately 7m, and maximum water depth is 50 to 60cm

(Fig. 2.20). The substrate consists of medium and small sized rocks. It seems that after

completion of dam construction, the construction companies put the rocks into site 3.

Little canopy covers this site, and weeds grow on both riversides and in the middle of the

river. No residential area and rice paddy field are found at site 3. Current velocity

during the period of this study was approximately 1.6m per second.

Figure 2.20. Site 3.
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2.3.4 Site 4: Downstream from the Hayachine Dam

Site 4 is located approximately 4.0km downstream from the dam (Fig. 2.4).
Channel width at site 4 is approximately 11m, and maximum water depth is 60 to 70cm.

The substrate consists of cobbles and boulders. There is little canopy that covers this

site, and weeds grew on both riversides (Fig. 2.21). Local residents are living on both

sides of the Hienuki River, and rice paddy fields are found one side of the river. Burned

garbage was found on one side of the riverside during this study (Fig. 2.14). Current

velocity during the period of this study was approximately 1.0m per second.

Figure 2.21. Site 4.

2.3.5 Site 5: Downstream from the Hayachine Dam

Site 5 is located approximately 4.5km downstream from the Hayachine dam, and

approximately 200m downstream from the confluence of the Hienuki and Komata

Rivers (Fig. 2.4 and 2.22). Channel width at site 5 is approximately 7m, and maximum

water depth is 80 to 90cm. The substrate consists of cobbles and boulders. There is no

canopy which shades this site. Local residents are living on one side of the river. Burned

garbage was found on the riverside during this study. No rice paddy field is found at site

5. Current velocity during the period of this study was approximately 1.0m per second.
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Figure 2.22. The confluence ofHienuki and Komata Rivers, and site 5. Left: Water of
Komata River (on the right site) is joining water in Hienuki River (on the left site).
Right: Site 5 is about 200m downstream from the confluence.

2.3.6 Site 6: The Most Downstream from the Hayachine Dam

Site 6 is located approximately 6.5km downstream from the Hayahcine dam (Fig.

2.4). Channel width at site 6 is approximately 17m, and maximum water depth is 80 to

90cm. The substrate consists of cobbles and boulders. No canopy covers this site, and

weeds grow on both riversides (Fig. 2.23). Site 6 is surrounded by rice paddy fields. No

burned garbage was found at this site during this study. Current velocity during the

period of this study was approximately 1. Om per second.

Figure 2.23. Site 6.
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2.3.7 Site 7: Upstream on the Komata River

Site 7 is located approximately 2.5km upstream from the confluence of Hienuki

and Komata Rivers (Fig. 2.4). Channel width at site 7 is approximately 4m, and

maximum water depth is 80 to 90cm. The substrate consists of boulders. There is no

canopy covering this site, and weeds grow on both riversides (Fig. 2.24). Six residential

houses are located on both riversides, and burned garbage was found one side of the

riverside during this study. This site is surrounded by rice paddy fields. Current

velocity during the period of this study was approximately 1.0m per second.

Figure 2.24. Site 7.

2.3.8 Site 8: Downstream on the Komata River

Site 8 is located approximately 200m upstream from the confluent of Hienuki

and Komata Rivers (Fig. 2.4). Channel width at site 8 is approximately 4m, and

maximum water depth is 60 to 70cm. The substrate consists of boulders. Canopy covers

deep area of this site (Fig. 2.25). Four residential houses and their rice paddy fields are

found on one side of this site. No burned garbage was found at this site during this

study. Current velocity during the period of this study was approximately 1.0m per

second.
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Figure 2.25. Site 8.
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3. MEmODS

3.1 Sampling Methods

Three kinds of sampling methods were used in this study: qualitative and

quantitative sampling methods for aquatic macroinvertebrates, and a qualitative

sampling method for freshwater algae.

3.1.1 Qualitative Sampling for Aquatic Macroinvertebrates

The purpose of qualitative sampling was to obtain as far as possible a thorough
measure of species richness and biodiversity for aquatic macroinvertebrates and algae

living at eight sampling sites. Because qualitative sampling was a general assessment of

the taxa present, possibly with some observations of their relative abundance (Merritt
and Cummins, 1996), this sampling allowed an estimation of the number of taxa existing
in each site and to build a solid base for further aquatic community research on Hienuki

and Komata Rivers.

Qualitative samples for aquatic macroinvertebrates were taken at each site every

two weeks. Samples were collected on the same date as quantitative sampling for the

site. Samples of aquatic insect species were collected with an aquatic D-frame dip net

(with a 0.33Jlm mesh bag), and put into 70% ethanol. The samples were sorted, and leaf

fragments and gravel were removed. The sorted samples were put in small vials of 70%

ethanol. The samples were brought back to a laboratory, and were identified to the

genus or species level.

3.1.2 Quantitative Sampling for Aquatic Macroinvertebrates

The purpose of quantitative sampling was to estimate the number of each species
of aquatic macroinvertebrates at each site on each date so that a statistical confidence of

the estimate could be obtained (Merritt and Cummins, 1996). Therefore, this
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quantitative sampling could measure and estimate the direct effect of Hayachine dam on

downstream aquatic invertebrate communities. In this study, artificial substrates were

used for quantitative sampling. Artificial substrates were used for several reasons; 1)

variability due to operator efficiency in taking a sample would be reduced, 2)
colonization by benthic macroinvertebrates and microhabitats would be the same on

each replicate, 3) the artificial substrates would collect data from habitats difficult to

sample by other methods, and 4) the artificial substrates are inexpensive (Rosenberg and

Resh, 1982; Alonso and Camargo, 2005; Rinella and Feminella, 2005). It is known that

artificial substrates would offer selective sampling, because organisms that colonized the

artificial substrates would.be primarily drift organisms, such as immature larvae and

eggs, carried by water currents (APRA, 1989). However, this is constant for all sit�s.
In this study, artificial substrates were used very successfully.. Immature larvae

and eggs colonized artificial substrates, and other aquatic organisms, such as fish and
.

salamanders, also used the artificial substrates for their habitat (Fig. 3.1). It was proved
that artificial substrates were accepted by many kinds of aquatic organisms although the

artificial substrates offered selective sampling.

Seventy-two concrete blocks were used as artificial substrates to collect

quantitative samples in slow and fast currents (nine for each site and 8 sites = 72). Each

block was 19cm in height, 39cm in length, and lOcm in width (Fig. 3.2). Each weighed
9 kilograms in dry weight. Nine blocks were placed at each site on May 3 and 4, 2002.

In site I, 5 blocks were placed under white (turbulent) water, and 4 blocks were put in

slower current. In site 2, 5 blocks were placed in the slow current, and 4 blocks were put

in the fast current. In sites 3, 4, 5, 6, 7 and 8, five blocks were placed in white water or

fast current, and 4 blocks were put in slower current (Fig. 3.3).
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a. b.

c. d.

Figure 3.1. Aquatic organisms colonized artificial substrates. Photo a: Glossosoma sp.
(Tricoptera, Glossosomatidae) on an artificial substrate. Photo b: Immature aquatic
insects removed from an artificial substrate. Photo c: Blackfly larvae and pupae
(Diptera, Simuliidae) on an artificial substrate. Black area shows large number of

blackfly larvae. Photo d: A stonefly nymph (plecoptera).
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e.

f.

Figure 3.1. Aquatic organisms colonized artificial substrates (continued). Photo e: Fish
removed from artificial substrates. Photo f: A salamander (top) removed from an

artificial substrate, and eggs (bottom) on an artificial substrate.
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19 em

19 em

Figure 3.2. Blocks as an artificial substrate.

IOcm

Figure 3.3. Artificial substrates in sampling sites. Left: Five blocks were placed in
white water at site 4. Right: Four blocks were placed in slow current at site 3.

Specimens on the blocks at each site were collected every two weeks. To catch

escaping organisms, an aquatic D-frame dip net (with a 0.33�m mesh bag) was placed
downstream from each block when each block was removed from the water (Fig. 3.4).
Each block was placed in a plastic bucket, and all individuals were gently removed by



hand and by poring river water on the block. After removing all mature individuals, all

immature individuals were collected by filtering water (Fig. 3.5).

Figure 3.4. A D-frame dip net was placed downstream from a block when the block was

removed from the water.

Figure 3.5. All immature individuals were collected by filtering after they were removed
from a block.

In the middle of May and late May, heavy growths of epipelic periphyton
attached to the blocks in slow current at site 1 and 2 (Fig. 3.6). The epipelic periphyton
and aquatic insects on the blocks were gently scraped by knife, scrubbed with a small

brush, and removed by forceps and hand. All remnants of periphyton and immature

aquatic insects were collected by filtering water. Any aquatic invertebrates collected in

the dip net were also removed. The collected samples were preserved in jars containing
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70% ethanol. After each block was cleaned by a small brush, it was placed in the same

area as it was before. The collected samples were brought back to a laboratory.

Figure 3.6. Epipelic periphyton on a block.

Sites 2 (upstream), 3 (outlet), and 4 (downstream) were selected for detailed

analysis to measure the effect of Hayachine dam. Samples were sorted at the laboratory.

Plecoptera, Trichoptera, and Ephemeroptera were counted and identified to the genus or

species level. Diptera were counted and identified to the family level. Data were

compared among those sites, and community change in aquatic macrovertebrates among

those sites was measured and estimated by using statistical analysis.

3.1.3 Qualitative Sampling Method for Freshwater Algae
The purpose of qualitative sampling for freshwater algae was to determine

species richness and biodiversity by means of species lists for the algae living in eight
sites. Freshwater algae attached to the surface of rocks were collected at eight sites

every two weeks (Fig. 3.7). Algal samples in fast and slow current for each site were

removed from the surface of rocks with a knife, and put into vials of buffered 4%

formalin (U.S. Environmental Protection Agency, 2005). The samples were brought
back to a laboratory and identified to the genus or species level.
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Figure 3.7. Freshwater algae attached to the surface of rocks.

3.1.4 Identification Procedures

Identification for qualitative and quantitative samples of aquatic insect taxa was

performed by using English and Japanese taxonomic keys and descriptions in Lehmkuhl

(1979), Merritt and Cummins (1996), Kawai (1985), Tanida (2000), Tani (1999),
Dosdall and Lehmkuhl (1979) and Wiggins (1977). Identification for qualitative

samples of freshwater algae was also performed by using English and Japanese
taxonomic keys and descriptions in Wehr and Sheath (2003), Dillard (1999), and Hirose

(1977). The classification scheme of the algae was based on Integrated Taxonomic

Information System (ITIS, 2004) and Freshwater Algae of North America (Wehr and

Sheath, 2003).

3.2 Analysis of Data

Quantitative aquatic insect samples collected at site 2 (upstream), site 3 (outlet),
and site 4 (downstream) were analyzed by rank abundance curves in natural logarithm,

species diversity and community similarity indices in order to determine similarities and

differences in aquatic macro invertebrate communities among the three sites.

3.2.1 Log N Rank Abundance Curves

The purpose of rank abundance curves is to see trends or relationships between

the number of species and the number of individuals in those species (Magurran, 1988).



Total munber of each species at each site of a sample were arranged into rank sequence

and transformed into natural logarithm. The transformed data were plotted to make rank

abundance curves.

3.2.2 Species Diversity

Species diversity, which is defined as a characteristic unique to the community
level of biological organization (Brower and Zar, 1977), includes the species richness

(the number of species), the dominance, and the evenness (or relative diversity) of the

individuals' distribution among the species. The species richness was analyzed by using

Margalefs index, Menhinick's index, and .Shannon-Wiener diversity index, and Q

.
statistics. The dominance was analyzed by using Simpson's index, and the evenness was

analyzed by using Simpson's index.

3.2.2.1 Margalef's Index and Menhinick's Index

Margalefsand Menhinick's indices are the simplest measures of the species
richness. Margalef's Index (Do) is:

Do = (s - 1) / log N, (1)
and Menhinick's Index (Db) is:

Db=s/...JN, (2)
.

where s is the number of species, and N is the total number of individuals. These

straightforward measures give a quick measure of the species abundance and dominance

components of diversity (Magurran, 1988).

3.2.2.2 Shannon-Wiener Diversity Index

Shannon-Wiener Diversity index is widely used to analyze the species richness

as well as indicate levels of water pollution by using community of aquatic
macroinvertebrates (Stevenson, 1984). The index is an appropriate measurement for

analyzing a random sample from a larger aggregation or of an entire community (Brower
and Zar, 1977). Shannon-Wiener Diversity index (H ') is:

H' = -Ui logp;, (3)
where pi = n, / N;
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that is, pi is the proportion of the total number of individuals (N) occurring in species, t

(Brower and Zar, 1977).
Shannon-Wiener index has advantages and disadvantages. The index is

criticized as a "dubious index' with no direct biological interpretation, and has no

available criteria for precisely measuring community diversity under natural conditions

(Goodman, 1975). However, if one study is to be directly compared with another, it may

be more informative to continue use of the Shannon-Wiener index rather than switching
to theoretically and biologically more acceptable indices (Magurran, 1988).. Although
the index is known to be an underestimate of the diversity in the sampled population,
this bias decreases with increasing sample size (Zar, 1996). The index has ability to

discriminate diversity measures and is relatively easy to calculate. Therefore, the index

is a useful measure to determine species richness .

.:3.2.2.3 Q statistics

Q statistics measures the inter-quartile slope of the cumulative species abundance

curve and analyzes the species richness. It is based on the slope of the cumulative

species curve in the mid-range of abundances (Kempton and Taylor, 1976). It is

computed as:

R2-1

(1/2) nRl + L nr+(1/2)nR2 .

Rl + 1

Q. =
-_,. ,....,__--- e__,.._,...•.

log (R2 / Rl)
(4)

where n; = the total number of species with abundance R;

Rl and R2 are the 25% and 75% quartiles;
ns: =the number of individuals in the class where Rl falls;

nR2 = the number of individuals in the class where R2 falls.

Unlike Shannon-Wiener and Simpson's indices, which are strongly influenced by
the abundance of the few commonest species and are not indices of total diversity

(Kempton and Taylor, 1976 and 1978), Q statistics has two advantages; 1) it depends on

a wide range of species with medium abundance, 2) it shows smaller variability than

Shannon-Wiener and Simpson's indices for samples taken from the same site in
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successive years, and therefore it discriminates more clearly between different sites 

(Kempton and Wedderburn, 1978). Although Q statistics may be biased in small 

samples, this bias is low if > 50% of all species present is included in the sample 

(Kempton and Wedderburn, 1978; Magurran, 1988). Q statistics is useful to confirm 

species richness calculated by other indices. 

3.2.2.4 Simpson's Index 

Simpson's index (Ds) expresses the dominance of abundance into the one or two 

commonest species of a community (Poole, 1974), and measures the proportion that two 

individuals taken at random from a community will belong to the same species (Taylor 

et al., 1976). The probability that both individuals belong to the same species is 

determined by a measure of dominance (l): 

l= 'f, n, (n;- 1) I N(N- 1), (5) 

where n, is abundance of each species. and N is the total number of individuals. A 

collection of species with high diversity has low dominance (Brower and Zar, 1977). 

Simpson's index is determined as: 

Ds = 1-l. (6) 

Ds is interpreted that Ds increases with increasing diversity (Poole, 1974). Simpson's 

index is sometimes calculated as: 

(7) 

The reciprocal of the Simpson's index (ds) expresses the number of times one would 

have to take pairs of individuals at random from the entire aggregation to find a pair 

from the same species as well as how many equally abundant species would have 

diversity equal to that in the observed collection (Brower and Zar, 1977). 

3.2.2.5 Evenness 

Simpson's index (Ds) is used to analyze evenness (Es). The maximum possible 

diversity for a collection of N individuals in a total of s species exists when the N 

individuals are distributed as evenly as possible among the s species, that is, when each 

ni = N Is (Brower et al., 1998). The maximum possible diversity (Dmai:) is determined as: 

Dmai:
= (s-1 / s) (NI N-1). (8) 
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where Xi is the abundance (or density) of species 1 in community 1, and Yi is the

abundance of that species in the other community (Bray and Curtis, 1957; Brower et aI.,

1998). Canberra metric (leM) is computed as:

lCM = 1 - (1/ s) £I. Ix; - Y;I / Ix; + y;I], (15)
where S is the total number of species (Clifford and Stephenson, 1975; Brower et aI.,

1998). Both of these similarity measures take values from zero (when the two

communities are vastly different) to 1 (when the two are identical in species composition
and abundance) (Brower et aI., 1998). When both Xi and y; are zero, which means no

species in common (Bray and Curtis, 1957), their difference over their sum is taken to be

zero-instead of indeterminate (Clifford and Stephenson, 1975).
Transformations increase the importance of rare species relative to the common

ones in the calculation of similarities (Hruby, 1987). Logarithmic transformation is

recommended to Bray-Curtis index, because this index is sensitive to larger values and

its use is tantamount to a declaration of interest in dominance (Clifford and Stephenson,
1975; Hruby, 1987). The transformation of abundance is calculated as [log (n + I)J.
Because the Canberra metric is insensitive to large values (Clifford and Stephenson,
1975), this index should be used without a transformation (Hruby, 1987). To avoid 'the

Canberra metric measure being overbiased by.I/O recordings, when there is a zero/non

zero comparison it seems desirable to replace the zero by a smaller number, such as 0.2

(Clifford and Stephenson, 1975; Brower et al., 1998). In this study, any zero value ofX;

orY; was replaced by 0.2.

3.2.3.4 Morisita's Index

Morisita's index is based on Simpson's index of diversity. The probability that

two randomly selected individuals from a community will be of the same species is

defined by Simpson's index' of dominance (A) (equation 5) (Brower et al., 1998). The

Morisita's index of community similarity (1M) is calculated as:

1M = 2 LX; Y; / (AI + A2) N1N2, . (16)
where Xi and Yi are the number of individuals in species t in community 1 and 2, and NJ

and N2 are the total number of individuals in community 1 and 2 (Brower and Zar,

1977). This index varies from zero when' the samples are completely distinct (contaiiring
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no species in common) to about 1 when the samples are identical with respect to

proportional species composition (Horn, 1966). Because this index is independent of

sample size and diversity, this index is preferably used by investigators comparing
different faunal or floral samples (Wolda, 1981).

3.2.3.5 Horn's Index or Information-Theoretic Index of Community Overlap
Information-Theoretic index is an index of overlap with similar characteristics of

community (Hom, 1966), and based on the Shannon-Wiener index of diversity (IF).
The Shannon-Wiener index of each of two communities (IF 1 and H'2) is first calculated

by using equation 3. A value of H' for the sums of the species abundance for each

species (H'3) is computed as:

H' 3
= [ N log N - L (Xi + Yi) log (x; + Y;) ] / N, (17)

where N = NI + N2, the total number of individuals in both communities (Brower et aI.,

1998). The number of individuals in species t in community 1 and 2 is expressed as X;

and Yi. The maximum value ofH' obtainable from the given species abundances (1I'4) is

defined as:

H'4
= [ N log N - ( LXi log Xi ) -"- ( I Y; log Y; ') ] IN. '(18)

A measure of the maximum H' obtainable (with maximum overlap of the Xi and j, value

(H'5) is defined as:

H's=(N1H'1+N2H'2)1N, (19)
and Hom's index of community overlap (Rn) is calculated as:

Rn = (H'4 - H'3) I (H'4 - H's). (20)
Hom's index is zero when the two communities have no species in common and is a

maximum of t.O·when the species compositions and relative abundances are identical in

both communities (Brower et al., 1998).

4R

I; �� .•

-

.",,,..----------------



4. RESULTS

4.1 Water Chemistry

4.1.1 General Observations: Observations at the Outlet and Site 3

There were many white bubbles floating on the water at the outlet on June 11, 12,

and 14, and July 7,2002. On June 11,2002, water was very clear although it rained the

night before. On that day, water was released through an opening in the side of the

hydro-power plant (Fig. 4.1 and 4.2) and a bottom opening for the hydro-power

generation (Fig. 2.12). Many white bubbles came from the dam (Fig. 4.3) and moved to
.

. the outlet (site 3) and downstream (Figure 4.4). Many white bubbles gathered on the

riverside (Fig. 4.5a) and sometimes made a mass of white foam (Fig. 4.5b). Most of the

white bubbles gradually disappeared as they went downstream. The white bubbles had

no smell, and the water also had no smell. I saw one employee of the dam operation
center driving a car. Also, I saw a car that had a name of a research center, and a person

was checking something on the bridge downstream. White bubbles also appeared on

June 12,2002. A few employees of the dam operation center were looking at the outlet

from the hydro-power plant. On June 14, 2002, white bubbles still appeared, but the

amount of white bubbles was less than the amount of white bubbles found on June 11

and 12, 2002.

According to the dam operation center, more water was released from the dam

through the opening in the side of the hydro-power plant because of the inspection of the

hydropower plant (personal communication with the Hayachine dam operation center,

2002). During the inspection period, two tonnes of water per second was released

through the opening although one tonne of water per second was normally released

though the opening. In addition, one ton of water was released though the bottom

opening for hydro-power plant in Hayachine dam. The dam operation center mentioned
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Figure 4.1. An opening in the side of the Hayachine hydro-power plant. Water is
sometimes released from the hole into the downstream river.

Figure 4.2. Water from the drainage hole shown in Figure 30. Water was released from
the hole to the downstream river on June 11, 2002.
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Figure 4.3. White bubbles coming from the dam. An arrow (white) indicates white
bubbles.

Figure 4.4. White bubbles are floating on the water and moving through the outlet (site
3) and downstream. An arrow (white) indicates white bubbles.



a.

b.

Figure 4.5. Mass of white bubbles and form on the riverside at the outlet (site 3). Top:
Many white bubbles are gathering on the riverside. Bottom: Many white bubbles made a

foam on the riverside.
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Figure 4.6. White bubbles were floating on the water at the outlet JuI An
arrow (white) indicates white bubbles.

on y 7,2002.

Figure 4.7. Water was not released through a hole beside the hydro-power station on

July 7,2002. On that day, water was released from the bottom opening for hydro-power
generation.
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that excess amount of water released from the dam might cause formation of white

bubbles.

A fifth sampling series was started on July 7, 2002. However, typhoon 6 came to

the sampling area on July 11, 2002, thus ending the sampling program. On July 11,

2002, white bubbles appeared on the water at the outlet (Fig. 4.6) although water was not

released from the hole in the side of the hydro-power plant (Fig. 4.1 and 4.7). On that

day, water was released from the bottom opening for the hydro-power generation. No

employees of the dam operation center or people from any research center were seen on

that day. The meaning and significance of these bubbles is not known, but it must be

related to water chemistry.

4.1.2 Physical and Chemical Factor in the Hayachine Dam

All of these data are from the Hayachine dam operation center. Details are

presented to give a complete picture of the reservoir system. Sampling dates, type of

sample, and other details are summarized in Table 4.1. See data of air temperature,

maximum depth, and thickness of ice in appendix 1.1.
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Table 4.1. Summary of sampling dates, type of sample, and other details of reservoir

chemistry.

Year Type of Sample Other Details

Jan. - Mar. 2000

Air Temp.
Water Temp.
Turbidity
DO

Apr. 2000 - Mar. 2001

Air Temp.
Water Temp.
Turbidity
DO

.

May 2001 - Mar. 2002
Air Temp.
Water Temp.
Turbidity
DO

Samples were collected twice in Feb.
2000.

Each meter

Each meter
Each meter

Samples were collected twice in Apr.
and May 2000.

Each meter

Each meter

Each meter

Samples were collected once a month.

Each meter

Each meter
Each meter

4.1.2.1 Water Level of the Hayachine Dam

. The water level in the dam increased from January 2000 to March 2000 (Fig.

4.8), and decreased from April to May 2000. The water level declined from February
and March 2001 (Fig. 4.9), but again increased April to November 2001, and decreased

from December 2001 to March 2002 (Fig. 4.10).

4.1.2.2 Inflow and Outflow of Water

Inflow and outflow of water fluctuated from January 2000 to March 2002.

Inflow water was more than two times as much as outflow in January and late February
2000 (Fig. 4.11). Inflow was the same as outflow in mid February 2000, and inflow

slightly exceeded outflow in March 2000 (Fig. 4.11).
Inflow and outflow dramatically declined from May 2000 to March 2001. Inflow

was approximately 15 times as much as outflow in the middle ofApril 2000 (Fig. 4.12).

J
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Outflow exceeded inflow in late April and in the middle of May, at which time the

amount of inflow and outflow water suddenly decreased (Fig. 4.12).
Inflow tended to be lower than outflow from May 2001 to March 2002

(Fig.4. 13). In July and November 2002, inflow slightly exceeded outflow. In December

2001 and January 2002, inflow and outflow water decreased to less than half of the

inflow and outflow in November 2001. Inflow was similar from December 2001 to

March 2002, but outflow increased to 2.0m3/s in February 2002 and decreased in March

2002.

4.1.2.3 Water Temperature

Temperature stratification usually occurs in the reservoir because of the change
to a more lakelike habitat, characterized by larger surface areas and slower moving water

(Bednarek,2001). Therefore, water temperature follows seasonal changes at the surface

and water chemistry may be altered.

Water temperature fluctuated little from January to March 2000 (Fig. 4.14). It

was about 4.0°C at all depths in January and mid February 2000. In late February and

March 2002, it was between 2.0°C and 3.0°C from LOrn to 26.0m depths.
Stratification into three layers appeared in the reservoir during summer 2000

(Fig. 4.15). Water temperature was between 4.0°C and 5.7°G at all depths in the middle

of April 2000, and it started to rise at the surface in late April 2000 (Fig. 4.15).

Temperature at the surface water gradually increased until August 2000, and the

reservoir water slowly stratified into three layers (epilimnion, metalimnion, and

hypolimnion). Temperature of surface water slowly dropped from September 2000, and

water temperature became approximately 4.0°C through all depths, although the

temperature from the surface to about 10.0m was below 4.0°C (Fig. 4.15).
Reservoir water also stratified during the summer of 2001 (Fig. 4.16). Water

temperature increased at the surface from May to July 2001 and the reservoir water

gradually formed three layers of stratification (Fig. 4.16). Water temperature at the

bottom was between 5.0°C and 6.0°C. The highest water temperature at the surface was

25.8°C in July. Temperature of the surface water started to cool down in August, and

water temperature slowly became approximately 4.0°C at all depths (Fig. 4.16).
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4.1.2.4 Turbidity in the Reservoir

Turbidity is a function of the total exposed area of all suspended solids (SS)

(Gilvear and Petts, 1985). Turbidity limits light penetration in the surface layer (Arruda
et aI., 1983). It limits the production of phytoplankton whereas increases the

development of zooplankton (Hynnes, 1970; Arruda et aI., 1983; Wakelin et aI., 2003).

Furthermore, turbid lakes establish a large temperature (density) difference between the

warmed surface layer and much colder, denser water below (Kalff, 2002). It is

expressed as Nansan Turbidity Units (NTU). 1.0 NTU is equivalent to 1.0 mgll SS.

From January to March 2002, it ranged from 0.0 to 1.2 NTU up to approximately
25.0m depth, and it increased to approximately 10.0 NTU at the bottom (Fig. 4.17).
Between April 2000 and March 2001, turbidity was higher at the surface and bottom

than in the middle depths (Fig. 4.18). Turbidity of the surface water was 18.9 NTU in
,

late May 2000, which was the highest turbidity among sampling dates. In July, August,
and September 2000, turbidity was very high at all depths, and turbidity in August and

September 2000 fluctuated widely. In August 2000, turbidity reached 11.3 NTU at

13.0m in depth whereas turbidity in September reached 18.2 NTU at 14.0m in depth.

Turbidity increased slightly with depth from May 2001 to March 2002 (Fig.

4.19). Turbidity increased with depth May to August 2001. In May 2001, turbidity of

the surface water was approximately 1.0 NTU untill.0m in depth, and slowly increased

to 9.5 NTU close to the maximum water depth. In June 2001, turbidity constantly
increased as water became deeper. In July and August 2001, turbidity was relatively
stable until 10.0m in depth, and suddenly increased at about 11.0m in depth. Turbidity

slowly increased to the highest NTU near the bottom. The highest turbidity was 19.3

NTU in July 2001 and 22.4 NTU in August 2001. Turbidity continuously increased

through depths in September 2001, and it became stable through depths. Turbidity close

to the maximum water depth was the highest of among depths.

4.1.2.5 Dissolved Oxygen (DO) in the Reservoir

Oxygen is the most essential element for respiration of all aquatic organisms.
The solubility of DO in fresh water is primarily determined by water temperature and
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From April 2000 and March 2001, DO ranged from 10.0 mgll to 13.0 mgll
. through all depths in April and May (Fig. 4.21). However, it slowly decreased at 10.0m

in depth. During June, July, and August 2000, it stopped at about 13.0m in depth and

became stable. In June and July 2000, the amount ofDO was stable below 13.0m, but in

August 2000 it became 0.0 mgll near the bottom. In August 2000, no DO existed at and

below 35.0m in depth. In September 2000, the amount of DO stopped decreasing at

about 13.0m in depth and slowly increased until20.0m in depth. It slowly decreased to

0.00 mg/I at 37.0m in depth. The amount of DO continuously dropped through depths
from October 2000 to March 2001 except for December 2000, and was no DO close to

the maximum water depth. In November 2000, the amount of DO suddenly dropped
from 9.lmg/l at lO.Om in depth to 6.7 mgll at 11.0m, and constantly decreased to 0.0

mgll at 30.0m in depth. In December 2000, the amount of DO was stable until 25.0m in

depth, and suddenly decreased to deoxygenated condition at the bottom.

The amount of DO tended to decrease constantly to 0.0 mg/l near the bottom

from May 2001 to March 2002 (Fig. 4.22). The amount of DO was stable in May, but it

started to decrease in the middle of depths. In July, the amount of DO increased from

11.0 mgll to 14.3 mgll until2.0m in depth. It suddenly dropped to 9.6 mg/l at 3.0m in

depth and continuously decreased to deoxygenated condition close to the maximum

water depth. In August, the amount ofDO dropped from 11.6 mg/l to 10.3 mgll between

2.0m and 4.0m in depth, and it constantly decreased to anoxic conditions at the bottom.

In November, the amount of DO constantly decreased until 19.0m in depth, and

dramatically dropped to 3.8 mgll at 20.0m in depth. Itslowly decreased to deoxygenated

partial pressure (Kalff, 2002). Most oxygen dissolves into surface waters by diffusion

from the atmosphere and aquatic-plant photosynthesis (Weiner, 2000). During
stratification period, DO depletion can occur at the bottom of lakes due to microbial

respiration of the organic matter (Kalff, 2002). High and low DO concentrations damage

aquatic organisms, and low DO levels also affect geochemical interaction in water.

The amount of DO was similar among sampling dates from January to March

2000 (Fig. 4.20). It was between 11.0 mgll and 12.5 mgll through all depths on January
27 and February 14. It slightly decreased close to the bottom on February 26 and March

10.
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Figure 4.8. Water level of Hayachine dam from January to March 2000 (NS
Environmental Assessment Corporation, 2000). Water level constantly increased during
the sampling period.
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Figure 4.9. Water level (m) of Hayachine dam from April 2000 to March 2001 (NS
Environmental Assessment Corporation, 2001). Water level decreased from April to

May 2000, and became stable until January 2001. It dropped from February and March
2001.
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Figure 4.10. Water level (m) of Hayachine darn from May 2001 to March 2002 (NS
Environmental Assessment Corporation, 2002). Water level increased from March to

November 2001 although it was slightly fluctuated. The water level decreased from
December 2001 to March 2002.
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Figure 4.11. Water inflow and outflow January to March 2000 (NS Environmental
Assessment Corporation, 2000). Inflow was more than two times outflow in January
and late February, but the amount of inflow water was the same as or slightly exceeded
the amount of outflow water on other dates.
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Figure 4.12. The amount of inflow and outflow water (m3/s) from April 2000 to March
2001 (NS Environmental Assessment Corporation, 2001). The amount of inflow water
was approximately 15 times as much as the amount of outflow water in the beginning of

April 2000, but the amount of outflow water exceeded the amount of inflow water in the
late April and the middle of May 2000. The amount of inflow and outflow water was

suddenly reduced in the late May.
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Figure 4.13. The amount of inflow and outflow water (m3/s) from May 2001 to March
2002 (NS Environmental Assessment Corporation, 2002). The amount of inflow water

was generally lower than the amount of outflow water. In June and November, the
amount of inflow water slightly exceeded the amount of outflow water.
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Figure 4.14. Water temperature eC) at each depth (m) from January to March 2000 (NS
Environmental Assessment Corporation, 2000).
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Figure 4.15. Water temperature caC) at each depth (m) from April 2000 to March 2001

(NS Environmental Assessment Corporation, 2001). Reservoir water was stratified
during summer 2000.
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(NS Environmental Assessment Corporation, 2002). The amount of DO was stable

through depths in April. It gradually decreased in the middle of depths, and became

deoxygenated condition close to the maximum water depth.
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condition near the bottom of the reservoir. Conditions of anoxia probably have a

significant impact on the water in this system.

DO in surface water was higher than the standards (7.5 mg/I or more (Ministry of

the Environment Government of Japan, 1993); 5.0 mg/l or more (U.S. Environmental

Protection Agency, 1986); between 5.5 and 9.5 mg/l (Environment Canada, 2003».
Anoxic condition occurred at the bottom as the reservoir water stratified during summer.

4.1.3 Water Chemistry in the Hienuki River

All of these data are also from the Hayachine dam operation center. Details are

presented to give water chemistry upstream and at the outlet. Sampling dates, location,

type of samples, and other details are summarized in Table 2. See the data of air

temperature in appendix 1.2.

Table 4.2. Summary of sampling dates, location, type of samples, and other details of
water chemistry in the Hienuki River.

Year Location Type of Sample Other Details

Apr. 1996 - Dec. 1999 Outlet Air Temp., None
Water Temp;, pH,
BOD, COD, SS,
DO, :MPN, TN,
N02-, N03-, NH.t

+

TP, P04, ChI. a

Jan. 2000 - Mar. 2004 Upstream Air Temp., None
Outlet Water Temp., pH,

BOD, COD, SS,
DO, :MPN, TN,
N02-, N03-, NH.t

+

TP, P04, ChI. a

Apr. 2000 - Mar. 2004 Reservoir Air Temp., All samples was taken from
Water Temp., pH, three parts: surface, 112

BOD, COD, SS, depth, and bottom.
DO,MPN, TN, All samples were collected

N02-, NO)-, NH/ twice in April and May 2000.

TP, P04, ChI. a
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4.1.3.1 Water Temperature in the River

Water temperature determines the solubility of oxygen in natural water. Water at

lower temperature holds more oxygen. Quantity and quality of phytoplankton depend on

water temperature and light flux density (Butterwick et al., 2005), and the minimal

temperature at which photosynthesis can occur depends upon the algal species (Wetzel,

2001). Water temperature affects life-cycle of aquatic insects. Water temperature

initiates embryological development, signal for hatching from the egg, control the rate of

growth, and stimulate emergence of adults (Lehmkuhl, 1974). Cold water released from

hypolimnion drain reservoirs causes to cease them (Lehmkuhl, 1972): Water

temperature also influences metabolic rates and growth rate offish (Hakala et al., 2003).
Water temperature fluctuated with the seasons (Fig. 4.23 and 4.24). The highest

water temperature was generally found in July and August, and the lowest water

temperatures were found in January and February. Between January 2000 and March

2004, water temperature upstream was slightly colder than water temperature at the

outlet (Fig. 4.25). Water temperature at surface of Hayachine dam fluctuated in the

same pattern as water temperature upstream and at the outlet (Fig. 4.25). Water

temperature at surface of the dam exceeded water temperature upstream and at the outlet

from April to September, and had almost the same temperature at the outlet in October

and November. Between December and March, water temperature at surface of the dam

was similar to or slightly colder than water temperature upstream. However, it was

approximately 2°C or 3°C lower than water temperature at the outlet during these

months. Water temperature at a half depth and the bottom of the dam was relatively
stable and almost the same. Alternation of temperature at the surface and in the river is

not as drastic as in the case of hypolimnion drain reservoirs.

4.1.3.2 pH
High and low pH conditions reduce species richness ofalgae and aquatic insects,

and induce appearance of acid/alkaline - tolerant aquatic insect and algal taxa.

pH ranged between 7.2 and 7.7 from April 1996 to December 1999 (Fig. 4.26).
The highest pH was 7.7, which was found in June 1998. The lowest pH was 7.2, which
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was found in March 1998. Between January 2000 and March 2004, pH upstream was

relatively higher than pH at the outlet (Fig. 4.27).· However, the highest pH was found at

the outlet, and it was 8.4 in January 2000. The lowest pH was 6.9, which was also found

at the outlet in August 2001. pH at the surface ofHayachine dam was high in June, July,
and August 2000 and 2001 (Fig. 4.28). The highest pH was 8.8 in June 2000. pH

upstream and at surface of the dam was almost the same in May, June, and July 2003,

and its range was between 7.7 and 7.9 (Fig. 4.28). pH upstream, at the outlet, at surface

and a half depth of the dam was the same or similar from January to March 2002,2003,
and 2004 (Fig. 4.28). For example, in between January and March 2003, upstream pH
was 7.6, 7.3, and 7.6, and pH at the outlet was7.4, 7.3, and 7.4. pH at the surface of the

dam was 7.6, 7.4, and 7.5, and pH at a half depth of the dam was 7.5, 7.3, and 7.4. pH at

the bottom of the dam was generally lower than pH at other sampling sites although it

was close to pH at other sampling sites from January to March 2004.

Acidity is reviewed in appendix 2 and discussion, but in this study almost all

conditions are basic or neutral. Except for pH at the surface of the dam in June 2002, pH
at all sites was within the range of standards (pH 6.5 - 8.5 (Ministry of the Environment

Government of Japan, 1993); pH 6.5 - 9.0 (U.S. Environmental Protection Agency,

1976; Environment Canada, 2003».

4.1.3.3 Biochemical Oxygen Demand (BOD)
BOD is the amount of oxygen consumed during microbial utilization of the

organic matter in a given volume of water (Yen, 1999). BOD is an indicator of the

potential for a water body to become depleted in oxygen and possibly become anaerobic

because of biodegradation (Weiner, 2000).· The compounds that are resistant to

biochemical oxidation have a very high oxygen demand for microbial decomposition

(BOD) in water, and therefore the water holds the low dissolved oxygen (DO) content

·CTaylor et al., 1996). The water may not support aquatic life unless aeration relieves the

low-oxygen stress in the water (Taylor and Carmichael, 2003).
BOD fluctuated from April 1996 to December 1999, especially from January to

December 1999 (Fig. 4.29). The highest BOD was 1.2 mg/l, and found in December

1996 and September 1999. The lowest BOD was below 0.5 mg/l, because the amount of
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BOD below 0.5 mgll was rounded up to 0.5 mgll. Between January 2000 and March

2004, BOD upstream was relatively lower than BOD at the outlet (Fig. 4.30). The

highest BOD upstream was 1.8 mgll, in February 2004. The highest BOD at the outlet

was 1.6 mgll, in August 2000. The lowest BOD upstream and at the outlet was below

0.5 mg/l, because BOD below 0.5 mg/l was rounded up to 0.5 mgll.
BOD at the bottom of Hayachine dam was generally higher than other sites from

.

through sampling period (Fig. 4.31a), because aerobic bacteria in the sediment require
oxygen for decomposition and nitrification (see Appendix 3). BOD at surface of the

dam was higher than BOD at other sites in late April and late May 2000, January to

February 2003, and February 2004 (Fig. 4.31b). High BOD at the surface of the dam

may be caused by high concentration of dissolved carbon dioxide gas (C02) in the

surface water. BOD upstream and at the outlet was below Japanese standard for streams

and rivers (2.0 mg/l or less (Ministry of the Environment Government of Japan, 1993);
no standard available for U.S. and Canada).

4.1.3.4 Chemical Oxygen Demand (COD)
COD is the amount of oxygen consumed when the organic matter in a given

volume of water is chemically oxidized to carbon dioxide (C02) and water (H20) by a

strong chemical oxidant, such as permanganate or dichromate (Weiner, 2000). In

general, COD is used as a measure of wastewater, because many organic compounds are

oxidized by dichromate or permanganate but are resistant to biochemical oxidation

(Eckenfelder, 1997; vanLoon and Duffy, 2000). Certain inorganic substances, such as

sulfides, sulfites, thiosulfates, nitrates, and ferrous iron, are oxidized by dichromate,

creating an inorganic COD (Eckenfelder, 1997). High COD shows that wastewaters

have high concentration of compounds that is resistant to biological degradation, such as

phenolic compounds (Fiorentino et aI., 2003; Isidori et aI., 2004).
COD fluctuated from April 1996 to December 1999, especially from January to

December 1999 (Figure 4.32). The highest COD was 3.6 mg/l and found in June 1999.

The lowest COD was below 0.5 mgll and found in January 1999. Between January 2000

and March 2004, COD upstream was relatively lower than at the outlet (Fig. 4.33). The

highest COD upstream was 5.8 mg/l, which was found in July 2002. The highest COD
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at the outlet was 4.6 mgll in August 2000. The lowest COD upstream and at the outlet

was below 0.5 mg/l, upstream in February and December 2000.

COD was very high at the bottom ofHayachine dam through the sampling period

(Fig. 4.34). It indicates that there were compounds resisting to biological

decomposition. The outlet and the surface of the dam have relatively high COD,

because the surface water that may contain organic or inorganic compounds being
resistant to biochemical oxidation may be released into the outlet. Therefore, COD may

not be affecting downstream water chemistry. In July 2002, large amount of compounds
resistant to biodegradation might be carried by storm water and caused high COD. COD

at the surface and the half depth of the dam is almost the same as or slightly above

Japanese standard for lakes and reservoir (3.0 mg/l or less (Ministry of the Environment

Government of Japan, 1993); no standard available for U.S. and Canada)).

4.1.3.5 Suspended Solids (SS)
SS are organic and mineral particulate matters that do not pass through a 0.45 um

filter, and include silt, clay, metal oxides, sulfides, algae, bacteria, and fungi (Weiner,

2000). SS is originated from natural erosion (Roos and Pieterse, 1995) and human

influence (e.g. agricultural activities and deforestation (Allan, 1995; Shieh and Yang,

2000; Neill et aI., 2001)). All SS contributes to the turbidity. Phosphate adsorbed onto

clay particles provides nutrients for algal growth (Roos and Pieterse, 1995).
Increases in SS tend to affect aquatic macroinvertebrates by clogging feeding

structures, reducing feeding efficiency, and therefore reducing growth rates or stress or

kill these organisms, as well as damaging exposed respiratory organs with scouring or

making the organism more susceptible to predation through dislodgment (Newcombe

and MacDonald, 1991). Thus, SS tend to increase drifting of the organisms (Slaney et

aI., ·1977) although they have own pattern of drift originated from life-cycle, volume of

flow, and a complex of other factors (Lehmkuhl and Anderson, 1972). SS also affects

fish by reducing spawning habitat, limiting food source (Slaney et aI., 1977), and

clogging fish gills (Weiner, 2000).
SS were relatively stable from April 1996 to December 1999 except for

December 1996 (Fig. 4.35). The highest amount of SS was 8.0 mgll and found in
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December 1996. The lowest SS were below 1.0 mgll, because the amount of SS below

1.0 mgll was rounded up to 1.0 mg/l, Between January 2000 and March 2004, SS

tended to be low upstream and at the outlet (Fig. 4.36). The highest SS upstream was

19.0 mgll in July 2002. The highest SS at the outlet was 7.0 mgll, also in July 2002.

The lowest SS both upstream and at the outlet was below 1.0 mgll.
SS at the. bottom of Hayachine dam was relatively high through the sampling

period and extremely high in late May 2000 (Fig. 4.37). In August 2000, SS at the outlet

was higher than SS at other sites (Fig. 4.37). In July 2002, SS at all sites except for

surface of the dam increased, and SS upstream was extremely high (Fig. 4.37). Because

SS were carried to the river and the reservoir by storm water caused by two typhoons,
the amount of SS at all sites except for surface of the dam increased. The dam acts as

settling basin for SS (Hynes, 1970), and thus SS gradually settle down from the surface

of the dam, and the amount of SS at the bottom of the dam are high. SS at all sites

except for the bottom of the dam were below Japanese standards (streams and rivers: 25

mgll or less, lakes and reservoirs: 5 mg/l or less (Ministry of the Environment of Japan,

1993); no standard available for U.S. and Canada).

4.1.3.6 Dissolved Oxygen (DO) in the River

DO is very significant for respiration of aquatic organisms and toxic trace metal

solubility, and is originated from atmosphere and photosynthesis. The DO level is

determined by water temperature and partial pressure of oxygen (02), and the solubility
of 02 increase with decreasing temperature and increasing partial pressure (Baird, 1999).

High DO levels cause supersaturation; and produce gas bubble disease in gills of fish,

clam, and aquatic insect species, and limits tolerance of behavior of aquatic organisms

(Bouck et al., 1980). Low DO levels affect the distribution and growth of fish, and

suppress emergence of certain aquatic insect species. Moreover, low DO levels have a

major influence on the solubility ofphosphorus and other inorganic nutrients through the

influence of DO on oxidation-reduction (redox) potentials, including toxic trace metal

solubility (Kalff, 2002).
DO fluctuated in the same pattern from April 1996 to December 1999 (Fig.

4.38). DO was likely to decrease from April until August or September, and increase
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from October until March. Higher DO was found from January to March. The highest
DO was 16.0 mgll found in March 1997 whereas the lowest DO was 9.4 mgll and found

in August 1996. Between January 2000 and March 2004, DO had similar trends each

year (Fig. 4.39). DO upstream and at the outlet increased from October to March and

declined from April to September. In addition, DO upstream exceeded DO at the outlet

from October to March, and decreased to similar levels' of DO at the outlet from April to

September. The highest amount of DO upstream was 15.0 mgll and found in February
2001, January 2003, and February 2004. The highest DO at the outlet was 13.0 mg/l and

found in February and March 2001, January and March 2003, and February and March

2004. The lowest DO upstream was 9.1 mgll, which was found in August 2000. The

lowest DO at the outlet was 8.7 mgll and was also found in August 2000.

DO at the surface of Hayachine dam increased and decreased in the same pattern

as DO at the outlet although it was relatively higher than DO at the outlet from

December to April (Fig. 4.40). DO at half depth of the dam decreased from April to

October or November, and increased to similar or the same as the amount of DO at the

outlet from December to March (Fig. 4.40). For example, DO at a half depth of the dam

was 11.0 mgll in April 2002. It decreased constantly to 2.7 mgll in October 2002. It

slightly increased to 3.0 mg/l in November 2002, and increased to 11.0 mg/l in

December 2002, which was the same as DO at the outlet and surface of the dam. DO at

the outlet and at half depth of dam was12.0 mgll and 13.0 mgll in January 2003, and DO

at both sites had 12.0 mgll in February and 13.0 mgll in March 2003. DO at half depth
of the dam started to decrease in April 2003. The amount of DO at the bottom of the

dam was very low although it was almost the same as the amount of DO at a half depth
of the dam from April to June 2000 (Fig. 4.40).'

DO upstream, at the outlet and surface of the dam is higher than the standards

(7.5 mgll or more (Ministry of the Environment of Japan, 1993); 5 mgll or more (U.S.
Environmental Protection Agency, 1976); 5.5 to 9.5 mgll (Environment Canada, 2003)).
The amount of DO at half depth of the dam is fluctuated probably due to the seasonal

cycle in the stratification of DO. The bottom of the dam is low because of microbial

decomposition.
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4.1.3.7 The Most Probable Number of Total Coliform Bacteria (MPN)
Total coliform bacteria are discharged in high numbers in animal and human

feces (Entry and Farmer, 2001), but they also occur naturally in plant material and soil

(Weiner, 2000). Runoff carries the bacteria in SS and animal waste to areas associated

with the river channel (McDonald et aI., 1982), and liquid-waste discharge onto soil

initiates solute and microbe movement that follows natural ground water drainage

patterns and contaminates ground water (Entry and Farmer, 2001). Runoff and ground
water from intensive livestock units, agricultural lands, recreational and industrial areas

along rivers as well as increase in surface water temperatures elevate numbers of the

bacteria in water (Entry et aI., 2000; Lin et at, 2004). High concentrations of nitrogen
·are known to influence microbial degradation pattern (Entry and Farmer, 2001), and

their presence implies the potential presence of microorganisms that are pathogenic to

humans (Entry et aI., 2000; Mallin and Wheeler, 2000).
Between April 1996 and December 1999, MPN was stable from April 1996 to

March 1999 except for November 1996, and it fluctuated from April to December 1999

(Fig. 4.41). The highest MPN was 4600 MPN/I00 ml and found in November 1996.

The next highest MPN was 3300 MPN/I00ml and found in September 1999. The lowest

MPN was 2 MPN/I00ml and found in February 1997. Between January 2000 and March

2004, MPN increased rapidly from June to September and decreased during winter

period (Fig. 4.42). The highest:MPN upstream was 7900 MPN/I00ml, which was found

in June 2003. The highest MPN at the outlet was 7900 MPN/I00ml and found in August
2001. The lowest MPN upstream was 23 MPN/I00ml, which was found in March 2001

and January 2002. The lowest MPN at the outlet was zero MPNIlOOml and found in

March 2003.

MPN upstream and at the outlet was high during summer although MPN in

Hayachine dam was low (Fig. 4.43a and b). Runoff from rice paddy fields and crop

lands, and increase in water temperature might provide enough nutrients to elevate

number of the bacteria in upstream. At the outlet, chemolithotrophic autotrophic
bacteria that reduce carbon dioxide (C02) to organic carbon for the energy (e.g.

nitrifying bacteria) (see Appendix 3) might be abundant, because surface water in the

dam might contain high nitrogen concentration (e.g. total nitrogen (TN) (Fig. 4.49) and
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ammonium (NH4"1 (Fig. 4.58)) and be supersaturated with atmospheric C02, and

released to the outlet.

MPN at all sites are below Japanese standards (1000 MPNIlOOml or less for

streams and rivers and for lakes and reservoirs (Ministry of the Environment of Japan,

1993); no standard available for Canada). U.S. uses two indicator species to detect fecal

contamination in freshwater. These are E. coli (a single species offecal coliform bacteria

that occurs only in fecal matter from humans and other warm-blooded animals) and

enterococci (a subgroup of fecal streptococci that is the gastrointestinal tract of warm

blooded animals) (Weiner, 2000). These bacterial densities should not be exceeded one

or other of E. coli (126 1100ml) or enterococci (33 I 100ml) (U.S. Environmental

Protection Agency, 1986).

4.1.3.8 Turbidity in the River

SS contribute to turbidity, which limits the development of phytoplankton.

However, SS transported from upstream are settled down in reservoirs, and thus

turbidity at the outlet is low. Clear-water releases, thermal modification, and regulated
flows below dams can stimulate photosynthetic production where moderate to high
velocities are maintained (Gilvear and Petts, 1985)..

Turbidity was relatively low from April 1996 to December 1999 except for

December 1996 (Fig. 4.44). The highest NTU of turbidity was 17 NTU and found in

December 1996. The lowest NTU of turbidity was below one NTU, because NTU

below one NTU was rounded up to one NTU. In between January 2000 and March

2004, turbidity upstream was relatively lower than turbidity at the outlet (Fig. 4.45). The

highest turbidity upstream and at the outlet was found in July 2002. Turbidity upstream

was 9 NTU, and turbidity at the outlet was 13 NTU. The lowest turbidity upstream was

zero NTU and found from October 2003 to March 2004. The lowest turbidity at the

outlet was one NTU, which was found in most of the months.

Turbidity at the bottom of the dam was high through the sampling period except

for July 2002 (Fig. 4.46a). In July 2002, turbidity at all sites was very high (Fig. 4.46a

and b), and turbidity at the outlet exceeded turbidity at the bottom of the dam (Fig.

4.46a), because large amount of SS was carried to the river and the dam by storm water,
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and contributed to high turbidity. As a result, surface water released from the dam has

high NTU, and influence NTU at the outlet (Fig. 4.46a and b).
NTU at the outlet was slightly higher than upstream, and slightly higher than

U.S. standard (1.30 NTU for rivers and streams (U.S. Environmental Protection Agency,

2000); no standard available for Japan and Canada). It indicates that surface water

released from the dam has high NTU, and influence NTU at the outlet (Fig. 4.46b).

4.1.3.9 Total Nitrogen (TN)
TN is all the forms of nitrogen including inorganic nitrogen compounds (N02-,

N03-, and NH/) and organic nitrogen.. Organic nitrogen, which is a more important

nitrogen source than NH/ and N03-, has been shown to be the most abundant nitrogen
form in water draining forest soils, and dissolved organic nitrogen in forest soil extracts

is more than 10 times greater than NH/ or N03- (Watson et aI., 2000).
The amount of TN fluctuated from April 1996 to December 1999 (Fig. 4.47).

The highest amount ofTN was 0.72 mgll and found in May 1998. The lowest amount of

TN was 0.26 mgll and found in August and October 1996, and July 1998. Between

January 2000 and March 2004, TN upstream was lower than TN at the outlet and TN

upstream and at the outlet fluctuated in the same pattern (Fig. 4.48). The highest TN

upstream was 0.86 mg/l in May 2001. The highest 1N at the outlet was 0.94 mgll in

January 2002. The lowest 1N upstream was 0.22 mg/l in August 2003. The lowest TN

at the outlet was 0.30 mg/l, in June 2000.

TN at the bottom of Hayachine dam fluctuated from April 2000 to March 2004,

but was generally high through the sampling period (Fig. 4.49). TN at the outlet, surface

and at half depth of the dam fluctuated in the same pattern although TN at half depth of

the dam was slightly higher than TN at the outlet and surface (Fig. 4.49). 1N upstream

was lower than 1N at other sites during sampling period except for May 2001 (Fig.

4.49).
TN upstream and at the outlet was approximately four to six times as much as

U.S. standard (0.12 mg/I or less (U.S. Environmental Protection Agency, 2000b); no

standard available for Japan and Canada). TN at the surface and the half depth of the

dam was twice or three times as much as U.S. and Japanese standards (0.10 mg/l or less
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(U.S. Environmental Protection Agency, 2000a); 0.20 mgll or less (Ministry of the

Environment of Japan, 1993); no standard available for Canada). TN at the bottom of

the darn was 10 or five times as much as U.S. and Japanese standards.

4.1.3.10 Nitrite (N021

N02° is an intermediate product of nitrification in nitrogen cycle (see Appendix

3). In oxygenated waters, nitrite is rapidly oxidized to nitrate (N03°), so normally there

is little N02- present in surface waters (Weiner, 2000). N02- generally develops in soils

with high pH and aquaculture systems. High soil pH caused by nitrogen fertilizers (e.g.
urea, ammonium carbonate, diammonium phosphate, urea ammonium phosphate, and

anyhydrous ammonia) inhibit the activity ofNitrobacter sp. (see Appendix 3), and N02°

is accumulated in the soils (Chalk and Smith, 1983). The accumulated N02- might be

released to aquatic system through drainage and/or precipitation. High concentration of

N02° can also develop in aquaculture systems that use recirculated water or earthen

ponds as a result of imbalances between nitrification and denitrification processes of

ammonia (Russo et al., 1974; da Costa et al., 2004). Therefore, N02- could exist in

surface waters.

High N02-level affects aquatic organisms. For example, high concentrations of

N02° and NH/ reduces the abundance of gastropods (Radix ovata Draparnud) and

amphipods (Gammarus pulex Linne.), and decrease the emergence rate of caddisfly
larvae (Ltmnephilus lunatus Curtis) (Berenzen et aI., 2001). In addition, long term

exposure of high N02
-

level causes to thicken gill lamellae and epithelium of abalone

and increase the overall height of the kidney tubule cells of abalone (Harris et aI., 1998).

High N02- concentration develops Methemoglobinemia to fish (Russo et al., 1974;

Wedemeyer and Tasutake, 1978; da Costa et aI., 2004). Methemoglobinemia occurs

when methemoglobin formation is caused by N02° oxidizing the ferrous component of

hemoglobin to ferric and produces a form of hemoglobin not capable of transporting

oxygen (Tomasso et aI., 1981; Chow and Hong, 2002). High N02- concentration in

drinking water also contributes to Methemoglobinemia to humans (Chow and Hong,

2002).
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The amount of N02- was very low from April 1996 to December 1999 (Fig.

4.50). The highest amount of N02- was 0.003 mgll and found in August 1999. The

lowest amount ofN02- was below 0.002 mgll, because the amount ofN02-below 0.002

mgll was rounded up to 0.002 mgll. Between January 2000 and March 2004, the amount

of N02- upstream was lower than the amount ofN02- at the outlet (Fig. 4.51). Like TN,

the amount of N02
-

upstream and at the outlet was fluctuated in the same pattern from

May 2001 to March 2003. The highest amount of N02- upstream was 0.009 mgll and

found in February 2002. The highest amount ofN02- at the outlet was 0.015 mgll, which

was found in September 2002.. The lowest amount of N02
-

upstream and at the outlet

was below 0.002 mgll (because the amount ofN02- was rounded up to 0.002 mgll) .

.

N02- at the bottom ofHayachine dam was relatively the highest from April 2000

to March 2004 (Fig. 4.52a and b). Because of decreased DO levels (Fig. 4.40) and high
ammonium (NH/) concentration at the bottom of the dam (Fig. 4.58), these factors.
might inhibit the activity of Nitrobacter sp. and accumulate N02

-

at the bottom of the

dam.

N02
-

levels at the outlet and surface of the dam were similar except for

September 2000, June 2001, September 2002, October and November 2003 (Fig. 4.52b).
N02- concentration upstream was lower than at the outlet and surface of the dam, but

fluctuated in the similar pattern as them (Fig. 4.52b). N02-level at the half depth of the

dam was relatively the lowest among five sites except for February 2002.

N02- concentration at the bottom of the dam tended to be the highest among five

sites. N02
-

level at the outlet and surface of the dam was relatively similar, and higher
than upstream. The amount of N02

-

released from rice paddy fields and crop land might
be accumulated in the epilimnion. Because Hayachine dam is a surface-released

reservoir, the N02- concentration might be released from surface water to the outlet. The

half depth might be a chemocline (or oxycline), which is a layer of rapid salinity change
and separates two different density zones of lakes (Kalff, 2002). Because the

chemocline is known as the principal site for nitrification and denitrification (Kalff,

2002), most N02- concentration in the half depth might become nitrate (N03), and even

go through denitrification.
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N02- concentrations at all sites were much lower than U.S. standard for cold

water fish and Canadian standard (0.06 mg/l or less (U.S. Environmental Protection

Agency, 1986); 0.06 mg/l (Environment Canada, 2003)). Japanese standards have no

standard for N02-. Instead, they use the sum of N02- and N03- concentration for each

month, and therefore contrast of the sum will be included in N03
-

section.

4.1.3.11 Nitrate (N03)

N03
-

is a product of nitrification in nitrogen cycle (see Appendix 3). It is either

assimilated by cyanobacteria, algae, fungi, and vascular plants or utilized for

denitrification. In aquatic environment,· N03
-

concentration contributes less to

macroinvertebrate community structure (Genito et aI., 2002), but macroinvertebrates

might respond individually to alterations in food resources caused by excess N03-

(Minshall et aI., 1997).

Furthermore, high N03
-

concentration can contribute to eutrophication in water

(Bayley et aL, 1992; see Appendix 3). The eutrophication causes an increase in primary
production and oxygen depletion. Oxygen consuming processes (e.g. nitrification and

decomposition) occur during the whole day while oxygen producing processes only take

place during daylight, and therefore the oxygen content can fluctuate strongly over the

day (Nijboer and Verdonschot, 2004).· Low DO concentration affects communities of

aquatic organisms (see DO section). Increased N03- levels in drinking water has been

also considered health thread for humans. Like N02-, excess amount ofN03- contribute

to methemoglobineia (Dodge, 1970; Chow and Hong, 2002; Darbi et al., 2003; Coss et

aL,2004).
N03- fluctuated from April 1996 to December 1999 (Fig. 4.53). The highest

amount of N03- was 0.55 mg/l in March 1999. The lowest amount was 0.15 mg/l, in

June 1999. Between January 2000 and March 2004, N03- upstream was slightly lower

than N03- at the outlet (Fig. 4.54). N03- upstream and at the outlet fluctuated in the

same pattern. The highest amount ofN03- upstream was 0.74 mg/l, in April 2000. The

highest amount of N03- at the outlet was 0.65 mg/l and found in January 2000. The

lowest amount upstream was 0.20 mg/l, in August and October 2003. The lowest

amount at the outlet was 0.14 mg/l, which was found in June 2000.

84

�--�(-----�j----------------



� -�-------------------------------

N03
-

concentration at half depth in Hayachine dam was high from April 2000 to

March 2004 although it was extremely low in January 2001 and was less than 0.02 mgll

(Fig. 4.55). Because a chemocline might exist in the half depth, high N03- concentration

might be present in the half depth.
N03

-

upstream, at the outlet, and at surface of the dam fluctuated in the same

pattern through the sampling period, especially from April 2002 to March 2004 (Fig.

4.55). However, the amount of N03- upstream rapidly increased in February 2003

although the amount of N03
-

at the outlet, and surface and a half depth of the dam

decreased. It became the highest among five sites in February and March 2003 (Fig.

4.55).
The amount of N03

-

at the bottom of the dam was high from April 2000 to June

2000, and had similar values to the amount of N03
-

at half depth of the dam. However,

it rapidly decreased in July 2000 (Fig. 4.55). In addition, the amount of N03- at the

bottom of the dam was very low in summer to autumn (less than 0.02 mgll) and

relatively high in winter and early spring (Fig. 4.55). This might be related to spring
overturn that nutrients sequestered on the bottom, the oxygen in the surface water, and

the plankton within are mixed (Smith and Smith, 2001).

N03
-

concentrations at all sites are much lower than U.S. standard for warm

water fish and Canadian standard (90 mgll or less (U, S. 'Environmental Protection

Agency, 1986); 13 mgll (Environment Canada, 2003)). The sum of N02- and N03-

concentrations for each month was much lower than Japanese standard (10 mgll or less

(Ministry of the Environment ofJapan, 1993)). ,

4.1.3.12 Ammonium (NB/)
Nl4

+
is a product of nitrogen ammonification (N-ammonification), and utilized

for nitrification and nitrogen assimilation by cyanobacteria and algae (see Appendix 3).

Nl4
+ is not acutely toxic to aquatic macroinvertebrates (Wiiliams et al., 1986), and low

level ofNH/ might be potential harm to tadpoles (e.g. Pseudacris regi/la) (Schuytema
and Nebeker, 1999). NH/ does not harm fish as long as environmental pH remains low

(Tomasso et al., 1981).
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Between April 1996 and December 1999, N'H4
+ tended to increase from July to

September or October and decrease to 0.01 mgll or below 0.01 mgll (Fig. 4.56). The

highest amount was 0.08 mgll and found in September 1999. The lowest amount of

NH/ was below 0.01 mgll (because the amount ofNH/ below 0.01 mgll was rounded

up to 0.01 mg/I). Between January 2000 and March 2004, the amount ofN'H4
+

upstream

and at the outlet fluctuated through the years (Fig. 4.57). The highest amount ofN'H4
+

upstream was 0.11 mgll and found in July 2001. The highest amount of NH/ at the

outlet was 0.09 mg/I, found in June 2000. The lowest amount upstream and at the outlet

was below 0.01 mg/l (because the amount ofN'H4
+

below 0.01 mgll was rounded up to

0.01 mg/l) .

.

N'H4
+

at the bottom of the dam was high through the sampling period except for

September 2000, May, August, and December 2002, and from April to August 2003, and

February 2004 (Fig. 4.58a). In natural lakes, N'H4
+

concentrations are consistently low

in the epilimnion with some accumulation in the more reduced (but rarely anaerobic)
conditions of the hypolimnion (Ward and Wetzel, 1980). The N'H4

+
concentration was

very low during December 2002, April 2003, and February 2004 (Fig. 4.58a). The N'H4
+

might be utilized for. nitrification, because N03
-

concentration increased . during the

months (Fig. 4.55). There is no explanation available for other months that had low

NH4+ levels.

Nl4
+

upstream, at the outlet, and surface and a half depth of the dam was

relatively low from November 2000 to March 2002 except for July 2001 and December

2001 (Fig. 4.58b). Furthermore, NH/ at these sites fluctuated in a similar pattern from

April 2002 to March 2004 although the amount of N'H4
+

at surface of the dam was

relatively higher than at other sites (Fig. 4.58b). Overall, the NH/ levels at these sites

were much lower than the NH4
+

at the bottom of the dam, because most Nl4
+

might be

oxidized to N03- by nitrification (Fig. 4.55) and/or utilized for nitrogen assimilation by

phytoplankton (Fig. 4.67).

U.S., Japan, and Canada have no standard for NH4", The toxicity of un-ionized

ammonia (NH3) and Nl4
+

can depend on pH and water temperature (U.S.
Environmental Protection Agency, 1998). Relative amount ofNH4

+
is present at low pH

and temperature, whereas relative amount ofNH3 increases as pH rises. NH3 is the more
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toxic fonn to aquatic organisms than NH/ (U.S. Environmental Protection Agency,

1999). Therefore, measurement of NH3 should be conducted for water of the Hienuki

River and the dam.

4.1.3.13 Total Phosphorus (TP)
TP is all the forms of phosphorus including orthophosphate, condensed

phosphate, and organic phosphate (U.S. Environmental Protection Agency, 2003).

Phosphate adsorbed to clay particles was released by natural erosion or human influence

(see the section of SS). At higher pH, phosphate (pol) adsorbs to organic complexes
of aluminum, iron, and/or manganese oxides with humic substances, and forms colloidal

forms (Shaw, 1994; Christensen, 1994; Steegen et aI., 2001), and eventually precipitate
and are incorporated into the sediment (vanLoon and Duffy, 2000). Because turbidity
contributed by SS limit light penetration in surface water, it increases oxygen deficits

.

near the bottom, resulting in a shallower lower boundary for optimal habitat (Clark et al.,

2004), and a temperature (or density) difference between the warmed surface water and

colder, denser water at the bottom. In addition, TP reduces water transparency because

of increased algal biomass (Clark et aI., 2004).
TP fluctuated from April 1996 to December 1999 (Fig. 4.59). The highest TP

was 0.016 mg/l and found in December 1996. The lowest TP was below 0.003 mg/l and

found in June 1999. Between January 2000 and March 2004, TP upstream and at the

outlet was mostly stable through the years except for September 2001 and July 2002

(Fig. 4.60). In September 2001, the amount ofTP upstream was 0.011 mg/l whereas TP

at the outlet was 0.058 mg/I. In July 2002, TP upstream and at the outlet had the same

values, which were 0.060 mg/l. The lowest TP upstream was 0.004 mg/l, and found in

January 2001, November 2002, and February 2004. The lowest amount of TP at the

outlet was 0.002 mg/l, in January 2003.

TP at the bottom of Hayachine dam was high and fluctuated from April 2000 to

March 2004 (Fig. 4.61a). However, it was low and stable from April to December 2003,

and fluctuated again from January to March 2004. TP at other sites was low and

fluctuated in the same pattern except for September 2001, February and July 2002, and

February 2003 (Fig. 4.61a and b). In July 2002, excess amount ofTP with SS might be
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transported to the river and the dam with storm water (Fig. 4.37), because two typhoons
arrived at the sampling area during the month. There is no explanation available for

situations in other months.

Except for TP at the outlet in September 2001 and in July 2002, TP upstream and

the outlet was all most the same as or slightly higher than US standards (0.01 mg/l. or

less (US Environmental Protection Agency, 200b); no standard available for Japan and
.

Canada). In addition, except for TP at the bottom of the dam, TP at the surface and half

depth of the dam was higher than Japanese and US standards (0.01 mg/l or less (Ministry
of the Environment of Japan, 1993); 0.0088 mgll or less (US Environmental Protection

Agency, 2000a); no standard available for Canada).

4.1.3.14 Orthophosphates (P04)

P04 contains ro,', and are soluble and are considered the only biologically
available form (Weiner, 2000). Nutrient availability for phytoplankton photosynthesis is

typically related to concentrations of P04 in water column whereas nutrient availability
for periphyton photosynthesis is most closely related to the combination of light and

nutrient factors given as the available light (total incident light adjusted for riparian

shading) and nutrient flux (the product of the average stream velocity and the P04

concentration) (Davis, 2002).
The amount of P04 fluctuated from April 1996 to December 1999 (Fig. 4.62).

P04 tended to increase from April or May to September or October, and decrease during
winter. The highest P04 was 0.011 mgll and found in August 1998 and April 1999. The

lowest P04 was below 0.003 mg/l (because the amount of P04 below 0.003 mg/I was

rounded up to 0.003 mg/l). Between January 2000 and March 2004, the amount of P04

upstream was relatively higher than the amount at the outlet (Fig. 4.63). P04 upstream

and at the outlet fluctuated extremely from January to April 2002. P04 upstream was

below 0.003 mgll in January. It suddenly increased to 0.015 mg/I in February and 0.016

mgll in March, and decreased to 0.003 mgll in April. On the other hand, P04 at the

outlet was 0.015 mgll in January. It suddenly dropped to 0.006 mgll in February and

increased to 0.016 mgll. It suddenly decreased to 0.004 mgll in April.
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The amount of P04 at the bottom of Hayachine dam was very high from August
2000 to May 2001 except for October 2000 and April 2001 (Fig. 4.64a). The P04 might
settle down as colloidal in the sediment. In addition, the P04 concentration at other sites

except for upstream fluctuated in similar patterns from October 2001 to March 2004

except for January 2002 (Fig. 4.64b). In July 2002, P04 levels upstream and at the

surface of the dam were higher than other sites, because P04 with SS might be carried

from mountains and/or crop lands to the river and the reservoir by storm water. During
summer 2001, 2002 (except for July 2002), and 2003, P04 levels at the outlet, surface,

and the half depth of the dam were lower than upstream. Most of the P04 might be

taken by phytoplankton in the dam, and decreased P04 concentration with reservoir

water might be released to the outlet. No standard for P04 is available for Japan, US,

and Canada.

4.1.3.15 Chlorophyll a (Chi. a)
Chi. a is an accessory pigment that is able to effectively convert the energy of

absorbed light into high energy bonds of organic molecules, and occurs in all

photosynthetic algae (Graham and Wilcox, 2000). Thus, it is used as a measure of the

biomass or abundance of the phytoplankton present (Moss, 1986).
The amount of Chi. a was measured from April 1998 to December 1999 (Fig.

4.65). Chlorophyll a was below 2.0 Jlg/l through the years. Between January 2000 and

March 2004, Chi. a upstream was relatively stable (Fig. 4.66). Chi. a at the outlet

fluctuated from January 2000 to August 2001, and had almost the same values as the

amount of Chi. a upstream from September 2001 to March 2004. The highest amount of

ChI. a upstream and at the outlet was found in June 2000. The highest ChI. a upstream

was 5.5 Jlg/l whereas the highest Chi. a at the outlet was 11.0 Jlgll. The lowest amount

of ChI. a upstream and at the outlet was below 2.0 Jlgli (because the amount of ChI. a

below 2.0 ug/l was rounded up to 2.0 ug/l),
The amount of ChI. a at surface of Hayachine dam tended to be very high in

certain months (Fig. 4.67). During April to September 2000, June to August 2001 and

January to February 2003, ChI. a levels at surface of the dam were very high (Fig. 4.67),
whereas P04 levels in these months were very low (Fig. 4.64b). It indicates that
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phytoplankton suspended in the surface water and utilized P04 as nutrient for their

growth. No explanation is available for situations for other months. Although the dam

releases surface water to the outlet, the amount of ChI. a was generally less than 2flg/l.
The amount of ChI. a might be almost the same as or higher than U.S. standard (1.90
J,lg/l or less for lakes and reservoirs, 1.08 flg/l or less for rivers and streams (U.S.
Environmental Protection Agency, 2000a and b); no standard available for Japan and

Canada).
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Figure 4.23. Water temperature eC) at the outlet from April 1996 to December 1999

(NS Environmental Assessment Corporation, 1997 - 2000).

I-+- Qlstream--o.tb I
20�----------------------------------------�
18+----��------��--------��----�------�
16+---���------��--------���----��----�
14+---�--�------���-----�-4�----���--�

or< 12
� 10+---+---_'�----�--��--�----�--��--���

8+--r---�--------��--�----�----�-���
6+-_r----�---------�-4�----��-r------��
4���----��--------��--------��------��
2��-----_r_7�------�----------��-----��
o������������������������

JMMJSNJMMJSNJMMJSNJMMJSNJM

0100 02 03 1041
l\fontb'Year

Figure 4.24. Water temperature eC) upstream and at the outlet from January 2000 to

March 2004 (NS Environmental Assessment Corporation, 2000 - 2004). Water

temperature upstream was slightly colder than water temperature at the outlet.
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Figure4.25. Data of water temperature eC) upstream and at the outlet was applied to the data of water temperature at the surface, a
half(l/2) depth, and the bottom ofHayachine dam from April 2000 to March 2004 (NS Environmental Assessment Corporation, 2000
-2004). Water temperature upstream and at the outlet was not measured twice in April and May 2000, so it showed zero. Water
temperature at surface of the dam fluctuated in the same pattern as water temperature upstream and at the outlet.
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Figure 4.26. pH at the outlet from April 1996 to December 1999 (NS Environmental
Assessment Corporation, 1997 - 2000). Acidity ranged between 7.2 and 7.7.
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Figure 4.27. pH upstream and at the outlet from January 2000 to March 2004 (NS
Environmental Assessment Corporation, 2000 - 2004). Upstream pH was relatively
higher than at the outlet, but the highest and lowest pH was found at the outlet. The

highest pH was 8.4, found in January 2000. Lowest was 6.9 at the outlet in August
2001.
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Figure4.28. Data of pH upstream and at the outlet was applied to the data of pH at the surface, a half (1/2) depth, and the bottom of
Hayachine dam from April 2000 to March 2004 (NS Environmental Assessment Corporation, 2000 - 2004). pH upstream and at the
outletwas not measured twice in April and May 2000, so it shows from June 2000. pH at the surface of the dam was extremely high
fromJune to August 2000 and 2001. pH at all sites except for the bottom of the dam was similar from January to March 2002, 2003,
and2004.



1.4

1.2

1

r 0.8

0.6

0.4

0.2

0

AJAODFAJAODFAJAODFAJAOD

I 96 I 97 I 98 I 99 I
Montb'Year

Figure 4.29. Biochemical oxygen demand (BOD) (mg/I) at the outlet from April 1996 to

December 1999 (NS Environmental Assessment Corporation, 1997 - 2000). BOD
fluctuated, especially from January to December 1999. The highest BOD was 1.2 mgll
in December 1996 and September 1999. The lowest BOD was below 0.5 mg/I.
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Figure 4.30. Biochemical oxygen demand (BOD) (mg/I) upstream and at the outlet from

January 2000 to March 2004 (NS Environmental Assessment Corporation, 2000 - 2004).
BOD upstream was relatively lower than at the outlet. The highest upstream was 1.8

mg/l, in February 2004. The highest amount of BOD at the outlet was 1.6 mg/l and
found in August 2000. The lowest amount of BOD upstream and at the outlet was below
0.5 mgll.
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Figure 4.31. Data of biochemical oxygen demand (BOD) (mg/l) upstream and
downstream was applied to the data of BOD at the surface, a half (112) depth, and the
bottom of Hayachine dam from April 2000 to March 2004 (NS Environmental
Assessment Corporation, 2001 - 2004). BOD upstream and at the outlet was not

measured twice in April and May 2000, so it showed zero. Top: An overview of the

graph. Bottom: A graph that focused on the range between 0 and 2.5 mg/I.
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Figure 4.32. Chemical oxygen demand (COD) (mg/I) at the outlet (site 3) from April
1996 to December 1999 (NS Environmental Assessment Corporation, 1997 - 2000).
COD fluctuated most from January to December 1999. The highest COD was 3.6 mgll
in June 1999, and the lowest was below 0.5 mg/l in January 1999.
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Figure 4.33. Chemical oxygen demand (COD) (mgll) upstream (site 2) and at the outlet

(site 3) from January 2000 to March 2004 (NS Environmental Assessment Corporation,
2000 - 2004). The amount of COD upstream was relatively lower than the amount of
COD at the outlet. The highest amount of COD upstream was 5.8 mg/l, which was

found in July 2002. The highest amount of COD at the outlet was 4.6 mg/l and found in

August 2000. The lowest amount of COD upstream and at the outlet was below 0.5

mg/l, which was found upstream in February and December 2000.
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Figure4.34. Data of chemical oxygen demand (COD) (mg/l) upstream and at the outlet was applied to the data of COD at surface, a
half(112) depth, and the bottom of Hayachine dam from April 2000 to March 2004 (NS Environmental Assessment Corporation, 2001
-2004). COD upstream and at the outlet was not measured twice in April and May 2000, so it showed zero. The amount of COD at
thebottom of the dam was high through the sampling period.
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Figure 4.35. Suspended solid (SS) (mg/l) at the outlet from April 1996 to December
1999 (NS Environmental Assessment Corporation, 1997 - 2000). The highest was 8.0

mg/l in December 1996 and lowest was below 1.0 mgll.
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Figure 4.36. Suspended solids (SS) (mg/l) upstream and at the outlet from January 2000
to March 2004 (NS Environmental Assessment Corporation, 2000 - 2004). SS tended to

be low both upstream and at the outlet. The highest amount of SS upstream was 19.0

mg/l, in July 2002. The highest amount of SS at the outlet was 7.0 mg/l, in July 2002.
The lowest amount of SS was below 1.0 mgll.
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Figure4.37. Data of suspended solids (SS) (mg/l) upstream and at the outlet were applied to the data of SS at surface, a half (1/2) and
thebottom of Hayachine dam from April 2000 to March 2004 (NS Environmental Assessment Corporation, 2001 - 2004). SS
upstream and at the outlet was not measured twice in April and May 2000, so it showed zero. The amount of SS at the bottom of the
damwas extremely high in late May 2000, and it was 20.0 mg/I. The amount of SS at all sites except for surface of the dam increased
inJuly2002.
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Figure 4.38. Dissolved oxygen (DO) (mg/l) at the outlet from April 1996 to December
1999 (NS Environmental Assessment Corporation, 1997 - 2000). DO fluctuated in the
same pattern in every year. It decreased from April to August or September and
increased from October to March. Higher DO was found from January to March.
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Figure 4.39. Dissolved oxygen (DO) (mgll) upstream and at the outlet from January
2000 to March 2004 (Ns Environmental Assessment Corporation, 2000 - 2004). The
amount of DO upstream and at the outlet increased from October to March and declined
from April to September. In addition, the amount of DO upstream exceeded the amount

of DO at the outlet from October to March, and decreased to similar level to the amount
ofDO at the outlet from April to September.
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Figure4.40. Data of dissolved oxygen (DO) upstream and at the outlet was applied to data ofDO at surface, a half (1/2) depth, and the
bottom of Hayachine dam from April 2000 to March 2004(NS Environmental Assessment Corporation, 2001 - 2004). DO upstream
andatthe outlet was not measured twice in April and May 2000, so it showed zero. The amount ofDO at surface of the dam increased
anddecreased in the same pattern as the amount of DO at the outlet. DO at the outlet and a half depth of the dam was similar from
December to March.
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Figure 4.41. The most probable number of total coliform bacteria (MPN) (MPN/I00l) at

the outlet from April 1996 to December 1999 (NS Environmental Assessment

Corporation, 1997 - 2000). MPN was stable from April 1996 to March 1999 except for
November 1996, and it was fluctuated from April 1999 to December 1999. The highest
was 4600 MPN/I00ml and found in November 1996. The lowest MPN was 2
MPN/I00ml and found in February 1997.
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Figure 4.42. The most probable number of total coliform bacteria (MPN) (MPN/I00ml)
upstream and at the outlet from January 2000 to March 2004 (NS Environmental
Assessment Corporation, 2000 - 2004). The amount of MPN increased from June to

September and decreased to a low level during winter period. The highest amount of
MPN was 7900 MPN/lOOml, and found upstream in June 2003 and at the outlet in
August 2001.
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Figure 4.43. Data of the most probable number of total coliform bacteria (MPN)
(MPN/I00ml) upstream and at the outlet was applied to data of MPN at surface, a half

(112) depth, and bottom of Hayachine dam from April 2000 to March 2004 (NS
Environmental Assessment Corporation, 2001 - 2004). MPN upstream and at the outlet
was not measured twice in April and May 2000, so it showed zero, Top: An overview of
the graph. Bottom: A graph that focused on the range between zero and 900
MPNIlOOml.
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Figure 4.44. Turbidity (NTU) at the outlet from April 1996 to December 1999 (NS
Environmental Assessment Corporation, 1997 - 2000). Turbidity was relatively low

through the years except for December 1996. The highest NTU was 17 NTU in
December 1996. The lowest NTU was below one NTU.
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Figure 4.45. Turbidity (NTU) upstream and at the outlet from January 2000 to March
2004 (NS Environmental Assessment Corporation, 2000 - 2004). Turbidity upstream
was relatively lower than turbidity at the outlet. The highest turbidity upstream and the
outlet was found in July 2002. The lowest turbidity upstream was zero NTU and found
from October 2003 to March 2004. The lowest turbidity at the outlet was one NUT,
which was found most months.
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Figure 4.46. Data of turbidity (NTU) upstream and at the outlet was applied to data of

turbidity at surface, a half (1/2) depth, and the bottom ofHayachine dam from April 200
to March 2004 (NS Environmental Assessment Corporation, 2001 - 2004). Turbidity
upstream and at the outlet was not measured twice in April and May 2000, so it showed
zero. Top: An overview of the graph. Turbidity at the bottom of the dam was high
through the sampling period except for July 2002. Bottom: A graph that focused on the

range between 0 and 4.5 NTU.
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Figure 4.47. Total nitrogen (TN) (mg/l) at the outlet from April 1996 to December 1999

(NS Environmental Assessment Corporation, 1997 - 2000). TN fluctuated through the

year. The highest was 0.72 mg/l in May 1998 whereas the lowest was 0.26 mg/l in

August and October 1996, and July 1998.
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Figure 4.48. Total nitrogen (TN) (mg/I) upstream and at the outlet from January 2000 to

March 2004 (NS Environmental Assessment Corporation, 2000 - 2004). TN fluctuated
through the year. TN upstream was lower than at the outlet, and the amount of TN

upstream and at the outlet fluctuated in the same pattern.
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Figure4.49. Data of total nitrogen (TN) (mg/l) was applied to data of TN at surface, a half (l/2) depth, and the bottom ofHayachine
damfrom April 2000 to March 2004 (NS Environmental Assessment Corporation, 2001 - 2004). TN upstream and at the outlet was

notmeasured twice in April and May 2000, so it showed zero. TN at the bottom of the dam was generally high through the sampling
periodexcept for April 2002. TN at the outlet, and surface and a half depth of the dam fluctuated in the same pattern although TN at a

halfdepth of the dam was slightly higher than TN at other sites. However, TN at the outlet and at surface of the dam or either one

exceededTN at a half depth of the dam in January or February.
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tre 4.50. Nitrite (N02-) (mg/l) at the outlet from April 1996 to December 1999 (NS
ironmental Assessment Corporation, 1997 - 2000). N02- was very low through the
" the highest being 0.003 mg/l in August 1999 and the lowest being below 0.002
l.
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gure 4.51. Nitrite (NOi) (mg/l) upstream and at the outlet from January 2000 to

arch 2004 (NS Environmental Assessment Corporation, 2000 - 2004). The amount of
J2- upstream was lower than the amount ofN02- at the outlet and the amount ofN02-
istream and at the outlet fluctuated in the same pattern from May 2001 to March 2003.
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Figure 4.52. Data of nitrite (N02) upstream and at the outlet was applied to data of

N02- at surface, a half (l/2) depth, and the bottom ofHayachine dam from April 2000 to

March 2004 (NS Environmental Assessment Corporation, 2001- 2004). NOz-upstream
and at the outlet was not measured twice in April and May 2000, so it showed zero.

Top: An overview of the graph. Bottom: The graph that focused on the range between 0
and 0.018 mgll.
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Figure 4.53. Nitrate (N03) (mg/l) at the outlet from April 1996 to December 1999 (NS
Environmental Assessment Corporation, 1997 - 2000). N03- fluctuated through the

year. The highest amount was 0.55 mg/l in March 1999, and the lowest was 0.15 mgll in
June 1999.
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Figure 4.54. Nitrate (N03-) (mg/l) upstream and at the outlet from January 2000 to

March 2004 (NS Environmental Assessment Corporation, 2000 - 2004). The amount of

N03- upstream was slightly lower than the amount of N03- at the outlet. The amount of
N03

-

upstream and at the outlet was relatively similar and fluctuated in the same pattern.
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Figure4.55. Data of nitrate (N03) upstream and at the outlet was applied to data ofN03- at surface, a half (l/2) depth, and the bottom
ofHayachine dam from April 2000 to March 2004 (NS Environmental Assessment Corporation, 2001 - 2004). N03-upstream and at
theoutlet was not measured twice in April and May 2000, so it showed zero. The amount ofN03- at a half depth of the dam was high
through the sampling period except for January 2001. The amount ofN03

-

upstream, at the outlet, and surface of the dam fluctuated in
thesame pattern.
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Figure 4.56. Ammonium (NlI41 (mgll) at the outlet from April 1996 to December 1999

(NS Environmental Assessment Corporation, 1997 - 2000). The amount of'Nll,
+

tended
to increase from July to September or October and decrease to 0.01 mg/I or below 0.01

mg/l. The highest was 0.08 mg/l in September 1999, and the lowest was below 0.01

mg/l.

I _._ Qmeam--- Clti:b I
0.12

0.1

i
0.08

0.<Xi

0.04

0.02

0

JMMJSNJMMJSNJMMJSNJMMJSNJM

01 03 104 I00 02

l\fontb'Year

Figure 4.57. Ammonium (Nll,1 (mgll) upstream and at the outlet from January 2000 to

March 2004 (NS Environmental Assessment Corporation, 2000 - 2004). The amount of
�

+

upstream and at the outlet fluctuated through the year. The highest amount of

NRt+ upstream was 0.11 mg/l, which was found in July 2001. The highest amount of

NH/ at the outlet was 0.09 mg/l and found in June 2000. The lowest amount of�+
upstream and at the outlet was below 0.01 mg/I.
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Figure 4.58. Data of ammonium (NH/) (mg/l) upstream and at the outlet was applied to

data ofNH/ at surface, a half (l/2) depth, and the bottom ofHayachine dam from April
2000 to March 2004 (NS Environmental Assessment Corporation, 2001 - 2004). NHt

+

upstream and downstream was not measured twice in April and May2000, so it showed
zero. Top: An overview of the graph. Bottom: A graph that focused on the range
between 0 and 0.18 mg/I.
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Figure 4.59. Total phosphorus (TP) (mgll) at the outlet (site 3) from April 1996 to

December 1999 (NS Environmental Assessment Corporation, 1997 - 2000). TP
fluctuated through the year. The highest was 0.016 mgll in December 1996 and lowest
was below 0.003 mgll in June 1999.
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Figure 4.60. Total phosphorus (TP) (mgll) upstream (site 2) and at the outlet (site 3)
from January 2000 to March 2004 (NS Environmental Assessment Corporation, 2000-

2004). The amount of TP upstream and at the outlet was almost stable through the years
except for September 2001 and July 2002. In September 2001, the amount ofTP at the
outlet was 0.058 mgll, which was five times as much as the amount ofTP upstream. In

July 2002, the amount ofTP upstream and at the outlet had the same values, which were

0.060 mgll.
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Figure 4.61. Data of total phosphorus (TP) (mg/l) was applied to data ofTP at surface, a

half (l/2) depth, and the bottom ofHayachine dam from April 2000 to March 2004 (NS
Environmental Assessment Corporation, 2001 - 2004). TP upstream and at the outlet
was not measured twice in April and May 2000, so it showed zero. Top: An overview of
the graph. Bottom: A graph that focused on the range between 0 and 0.02 mgll.
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Figure 4.62. Phosphate (P04) (mg/l) at the outlet from April 1996 to December 1999

(NS Environmental Assessment Corporation, 1997 - 2000). P04 tended to increase
from April or May to September or October, and decrease during the winter. The

highest was 0.011 mg/l in August 1998 and April 1999. The lowest was below 0.003

mgll.
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Figure 4.63. Phosphate (P04) (mg/I) upstream and at the outlet from January 2000 to

March 2004 (NS Environmental Assessment Corporation, 2000 - 2004). The amount of
P04 upstream was relatively higher than the amount ofP04 at the outlet. The amount of
P04 upstream and at the outlet fluctuated extremely from January to April 2002.
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Figure 4.64. Data of phosphate (P04) (mg/l) upstream and at the outlet was applied to

data OfP04 at surface, a half (112) depth, and bottom ofHayachine dam from April 2000
to March 2004 (NS Environmental Assessment Corporation, 2001 - 2004). P04
upstream and downstream was not measured twice in April and May 2000, so it showed
zero. Top: An overview of the graph. Bottom: A graph that focused on the range
between 0 and 0.02 mgll.
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Figure 4.65. Chlorophyll a (Chl. a) (J.1g1I) at the outlet from April 1998 to December
1999 (NS Environmental Assessment Corporation, 1999 - 2000). The amount ofChl. a

was below 2.0 J.1g11 through the year.
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Figure 4.66. Chlorophyll a (Chl. a) (J.1g1I) upstream and at the outlet from January 2000
to March 2004 (NS Environmental Assessment Corporation, 2000 - 2004). The amount

ofChl. a upstream was relatively stable and less than 2.0 J.1g/l through the years. The
amount ofChl. a at the outlet fluctuated from January 2000 to August 2001. The highest
amount of Chl. a upstream and at the outlet were found in June 2000. The highest
amount ofChl. a upstream was 5.5 J.1g11 whereas the highest amount ofChl. a at the
outlet was 11.0 ug/l.
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Figure4.67. Data of chlorophyll a (ChI. a) (J.1g1I) upstream and at the outlet was applied to data of ChI. a at surface, a half (112) depth,
andthe bottom ofHayachine dam from April 2000 to March 2004 (NS Environmental Assessment Corporation, 2001 - 2004). ChI. a

upstream and downstream was not measured twice in April and May 2000, so it showed zero. The amount of ChI. a at surface of the
damtended to be high in summer and winter. The amount of ChI. a upstream and at the bottom of the dam was generally less than 2.0
J.1g1l.



4.2 Qualitative Insect Study
The objectives of this study are to characterize the natural insect and algal

communities in the area and to determine the possible effect ofHayachine Dam on these

communities. A detailed qualitative study of the aquatic insects of the river system was

made to provide a baseline for quantitative samples that were taken by the use of

artificial substrates. Artificial substrates are often selective and do not provide a

complete list of the species found in the community. The results below are from

qualitative samples taken in early May 2002, mid-May 2002, late May to early June

2002, mid-June 2002, and late June to early July 2002. Often, samples were taken at up

to eight sites, but this was not possible on all dates because of time or other limitations.

See summaries in tables 3 to 12.

4.2.1 Qualitative Insect Study in Early May 2002

Qualitative insect samples were taken on May 4 and 5, 2002. Because of time

limitations, the samples were not collected at site 4, 6, and 8. Seventy-nine taxa of

aquatic insects were identified: 32 Ephemeroptera, one Odonata, 17 Plecoptera, one

Hemiptera, one Megaloptera, 20 Tricoptera, four Coleoptera, and three Diptera (Table

4.3). The grand total taxa and the total number of taxa for Ephemeroptera, Plecoptera,

Tricoptera, and Diptera found at each site are summarized in Table 4. The grand total

taxa were relatively similar among the sites. Site 2 had the highest grand total taxa, and

site 7 had the lowest grand total taxa among sites.

Species composition of mayflies was very similar among five sites. Total

number of mayfly species ranged from 16 taxa at site 3 to 19 taxa at site 5. Eight mayfly

species were found in all sites. These were: Baetiella japonica Imanishi, Baetis sp. 3,

Cinygmula sp. 1, Epeorus aesculus Imanishi, Epeorus Iatifolium Ueno, Drunella

bifurcata (Allen), Drunella cryptomeria (Imanishi), and Drunella trispina (Ueno).

Of 32 mayfly species in total, 15 species shared several sites: Ameletus costalis

Matsumura and Drunella basalis (Imanishi) appeared at sites 1,2, and 7, Cincticostella

nigra (Ueno) appeared at sites 1,2,5, and 7 whereas Cincticostella okumani (Gose) was

present at sites 1 and 7. Drunella kohnoae (Allen) was found at sites 1, 5, and 7.

Paraleptophlebia chocorata Imanishi was found at sites 1 and 3, and Paraleptophlebia
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sp. 3 appeared at sites, 1, 3, and 5. Sites 2, 3, and 5 shared two species in common:

Uracanthella rufa (Imanishi) and Paraleptophlebia sp. 4. Baetis sp. 6 was found at sites

2 and 5, and Epeorus ikanonis Takahashi appeared at sites 2, 5, and 7. Paraleptophlebia

sp. 7 was present at sites 3 and 5. Three species were found at sites 5 and 7. These were

Rhithrogenajaponica Ueno, Drunella sp. 2, and Paraleptophlebia sp. 5.

Nine mayfly species were found at single sites. Baetis sp. 7 and Drunella
.

trispina ezoensis (Gose) appeared at site 1. Site 2 had three species: Baetis sp. 5,

Drunella bicornis (Gose), and Ephemerella denticula (Allen). Three species were found

only at site 3: Baetis sp. 4, Uracanthella chinoi (Gose), andParaleptophlebia sp. 2. One

species, Epeorus sp. 2, was found only at site 7.

Species composition of stoneflies varied among five sites. No common species
was found among all sites. Seven species were found at site 1 whereas 13 stonefly

species were found at site 2. Five species were found in common at both sites. These

were: Protonemura sp. 1, Protonemura sp. 2, Alloperla sp. 1, Sweltsa sp. 1, and lsoperla

nipponica Okamoto. One species, Amphinemura sp. 1, appeared at sites 1,2, 5, and 7.

Caroperlapacifica Kohno was found at sites 3 and 5.

Ten stonefly species appeared at single sites
..

Calineuria stigmatica (Klapalek)
was present at site 1. Of 17 stonefly species in total, seven species were found only at

site 2. These were: Bolotoperla cf. sp. 1, Indonemoura sp. 1, Nemoura sp. 1,

Protonemura sp. 3, Caroperla sp. 1, Gibosia sp. 1, and Paragnetina sp. 1. Two species,

Togoperla sp. 1 andPseudomegarcys sp. 1, were present only at site 5.

Species composition of caddisflies also varied among five sites. Site 1 had four

species, which was the lowest among five sites. On the other hand, higher numbers of

the species were found at sites 2 and 3. Site 2 had 10 caddisfly species, and site 3 had 11

species. Two species, Glossosoma sp. 1 and Micrasema sp. 1, were present at all sites.

Both Stenopsyche sauteri Ulmer and Hydropsyche orientalis Martynov appeared at sites

1, 2, 3, and 5. Four species were found in common at several sites. Rhyacophila

brevicephala Iwata was present at sites 2, 3, and 5 whereas Rhyacophila nigrocephala
Iwata appeared at sites 2 and 3. Goerodes nukabiraensis (Kobayashi) was found at sites

5 and 7, and larval stage ofLimnocentropus insolitus Ulmer was found at site 2 and 7.
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Of20 caddisfly species in total, 12 species were found only at single sites. Site 2

had three species, which were Rhyacophi/a sp. RK, Micrasema sp. 3, and Nothopsyche
sp. 1. Site 3 had five species, which were Stenopsyche marmorata Navas, Rhyacophi/a
yamanakensis Iwata, Rhyacophila sp. 1, Rhyacophi/a sp. 5, and Rhyacophi/a sp. 7.

Cheumatopsyche sp. 1 appeared at site 5. Four species were found at site 7. These

were: Glossosoma sp. 2, the pupal stage of Limnocentropus insolitus Ulmer, Goerodes

sp. 1, and Neophy/ax sp. 2.

Detailed species level distribution of Odonata, Hemiptera, Megaloptera, and

Coleoptera is unknown because only a small number of specimens in these orders was

collected at the sampling sites. One Odonata species, Davidius fujiama (Fraser), was

found at sites 5 and 7. One Hemiptera species, Aquarius sp. 1, was found at site 1. One

Megaloptera species, Protohermes grandis Thunberg, was found at sites 1,2, and 3. Of

four Coleoptera species, sites 1 and 2 had one species in common. It was Optioservus
cf. sp. 1. Mataeopsephus sp. 1 was found at site 3. Site 5 had Ordobrevia cf. sp. 1 and

Epimetopus cf. sp. 1. Epimetopus cf. sp. 1 was found at site 7.

Three species of Diptera were identified. Bibiocephala montana montana

Kitakami was found at sites 2, 5, and 7. Sites 2 and 5 also had Deuterophlebia

nipponica Kitakami. Pericoma sp. 1 was found at site 1.

4.2.2 Qualitative Insect Study in the Middle of May 2002

Qualitative insect samples were taken at eight sites from May 13 to 16, 2002.

Seventy-nine taxa of aquatic insects were identified. These included 36 Ephemeroptera,
9 Plecoptera, one Megaloptera, 19 Tricoptera, 9 Coleoptera, and 5 Diptera (Table 4.5).
The grand total taxa and the total number of taxa for Ephemeroptera, Plecoptera,

Tricoptera, and Diptera found at each site were summarized in table 6. The grand total

taxa varied among sites. The lowest grand total taxa were found at site 3, and the

highest grand total taxa were found at site 8.

Species composition of mayflies varied among sites. It was the lowest at site 3

(outlet) whereas it was the highest at site 8. Site 3 had five mayfly species. Two species
were found in all sites: Baetiella japonica Imanishi and Baetis sp. 3. Eight mayfly

species were found at all sites other than site 3. Drunella bifurcata (Allen) and Drunella
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cryptomeria (Imanishi) were found at all sites except for site 3. Drunella kohnoae

(Allen) was found at sites 2, 4, 6, 7, and 8. Drunella trispina (Ueno) was found at sites

1,2,4,5, 7, and 8. No species in Ameletidae, Heptageniidae, and LeptophJebiidae was

found at site 3 (outlet). Epeorus latifolium Ueno was found at sites 1,2,4,5,6, 7, and 8 ..

Epeorus uenoi Matsumura was found at sites 2 and 4. Paraleptophlebia sp. 2 was found

at sites 2, 4, 5, 6, and 8, and Paraleptophlebia sp. 4 was found at sites 2, 4, 5, 6, 7, and 8.

Upstream sites of the Hienuki River and sites of the Komata River had three

species in common. Baetis sp. 6 was present at sites 1 and 8, and Drunella basalis

(Imanishi) appeared at sites 2 and 8. Epeorus aesculus Imanishi was found at sites 1,2,

7, and 8. In addition, four species shared downstream sites of the Hienuki River and

sites of Komata River. Cincticostella nigra (Ueno) and Drunella sp. 2 appeared at sites

5, 6, 7, and 8. Cinygmula sp. 1 was found at sites 5, 7, and 8. Rhithrogenajaponica
Ueno was present at sites 4, 7, and 8 whereas Paraleptophlebia chocorata Imanishi was

found at sites 4, 5, 6, and 8.

Five species shared several sites. Epeorus sp. 2 appeared at sites 1 and 2.

Baetis sp. 4 was found at sites 3 and 4, and Paraleptophlebia sp. 3 appeared at sites 4

and 5. Cincticostella tshemovae (Bajkova) and Ephemera strigata Eaton were present at

sites 5 and 6. Uracanthella chinoi (Gose) appeared at sites 1, 4, 5, and 6 whereas

Uracanthella rufa (Imanishi) was found at sites 3, 4, 5, and 6. Of 36 mayfly species in

total, 12 species were found at one site only. Ephemerella denticula (Allen) appeared at

site 2, and Caenis sp. 1 was found at site 3. Site 4 had three species, which were

Epeorus sp. 4, Paraleptophlebia sp. 5, and Paraleptophlebia sp. 6. Ameletus costalis

Matsumura was present at site 5, and Baetis sp. 7 appeared at site 6. Four species were

found at only site 8. These were: Baetis sp. 5, Epeorus ikanonis Takahashi, Heptagenia

sp. 1, and Heptagenia sp. 2. Site 4 was the only site that had all of the Paraleptophlebia

species in table 3.

Stonefly species were present at sites 2, 5, 6, and 8. Site 8 had the highest
number of stonefly species among four sites. Sites 2 and 8 had two species in common.

These were: Caroperla sp. 1 and Sweltsa sp. 1. Site 2 also had Paragnetina sp. 1.

Togoperla sp. 1 was present at sites 5, 6, and 8, and Amphinemura sp. 1 was found at
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sites 5 and 8. Neoperla sp. 1 and Oyamia lugubris (McLachlan) were only found at site

5. Site 8 was the only site that had Acroneuria stigmatica Klapalek and Alloperla sp. 1.

The number of caddisfly species varied among sites. The lowest number of

caddisfly species was found at site 7 whereas the highest number of the species was

found at site 8. Two species were found at most of the sites. All sites except for site 6

had Hydropsyche orientalis Martynov, and Glossosoma sp. 2 was found at sites 2, 4,5,

6, 7, and 8. Micrasema sp. 1 was present at sites 2, 4, 5, 6, and 8. Three species shared

in common downstream sites of the Hienuki River and sites of the Komata River.

Glossosoma sp. 3 appeared at sites 5 and 8, and Micrasema sp. 2 was found at sites 4, 5,

6 and 8. Neophylax sp. 1 was present at sites 5, 7, and 8. Of five Rhyacophila species,
two species were found at site 3, downstream sites ofHienuki River, and sites ofKomata

River. Rhyacophila brevicephala Iwata was found at sites 3, 4, 6, and 8, and

Rhyacophila nigrocephala Iwata appeared at sites 3, 4, 6, 7, and 8. In addition,

Rhyacophila yamanakensis Iwata was present at sites 3 and 6.

Five species sheared at several sites ofHienuki and Komata Rivers. Stenopsyche
marmorata Navas was found at sites 3 and 4 whereas Stenopsyche sauteri Ulmer was

found at sites 2, 4, 5, and 8. Cheumatopsyche sp. 1 was present at sites 3 and 4.

Glossosoma sp. 1 was present at sites 1, 4, 6, and 8. Both larval and pupal stages of

Limnocentropus tnsolitus Ulmer were found at site 2. One species, Goerodes sp. 1, was

present at sites 1,2,6, and 8. Five species appeared at one site. Rhyacophila sp. 8 was

present at site 2, and Rhyacophila sp. 1 was found at site 4. Apatania sp. 1 was present

at site 6, and Micrasema sp. 3 appeared at site 8.

Species composition of Megaloptera, Coleoptera, and Diptera is little known.

One species of Megaloptera, Protohermes grandis Thunberg, was found at sites 2, 3, 4,

and 8. All species in Coleoptera were found at the outlet or downstream ofHeinuki and

Komata Rivers. Site 3 had Macrelmis cf sp. 1 and Optioservus cf sp. 1. Stenelmis cf

sp. 1 was found at site 4, and Microcylloepus cf sp. 1 was found at site 5. Sites 6 and 8

had one common species, Zaitzevia sp. 1. Site 8 also had Oulimnius cf sp. 1 and

Rhizelmis cf sp. 1. Mataeopsephus sp. 1 was present at sites 4, 5, and 8. In Diptera,

Neohapalothrix sp. 1 was found at sites 4, 5, 6, 7, and 8. Neohapalothrix sp. 2 was

found at site 2. Both Parablepharocera esakii Alexander and Philorus kuyaensis
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Kitakami were present at site 8. Deuterophlebia nipponica Kitakami was found at sites

1,2, 5, 7, and 8.

4.2.3 Qualitative Insect Study from Late May to Early June 2002

Qualitative insect samples were taken from May 28 to June 8, 2002. Seventy
seven taxa of aquatic insects were identified. These were: 36 Ephemeroptera, one

Odonata, six Plecoptera, one Megaloptera, 24 Tricoptera, five Coleoptera, and four

Diptera (Table 4.7). Table 8 shows the grand total taxa and the total number of taxa for

Ephemeroptera, Plecoptera, Tricoptera and Diptera. The grand total taxa ranged from 13

taxa at site 3 (outlet) to 39 taxa at site 5.

Species composition of mayflies was different among sites. It was the lowest at

sites 1 and 3, and it was the highest at site 5. Two species, Baetiellajaponica Imanishi

and Drunella cryptomeria (Imanishi), were found at all sites. All sites except for site 7

had Epeorus latifolium Ueno, and all sites except for site 6 had Paraleptophlebia sp. 3.

Eight species were present at sites other than site 3. These were: Acentrella sp. 1, Baetis

sp. 3, Epeorus uenoi Matsumura, Drunella bifurcata (Allen), Drunella kohnoae (Allen),
Drunella trispina (Ueno), Paraleptophlebia sp. 2, and Paraleptophlebia sp. 4.

Four species were found at site 3 and downstream sites of the Hienuki River.

Uracanthella rufa (Imanishi) and Paraleptophlebia sp. 5 were found at sites 3, 4, and 5 .

.

Caenis sp. 1 was present at sites 3 and 5. Paraleptophlebia sp. 7 was found at sites 3, 4,

5, and 6. One species, Ecdyonurus kibunensis Imanishi, found at sites 4,5, and 6.

Six species shared at several sites of the Hienuki and Komata Rivers. Serratella

sp. 1 appeared at sites 2 and 6, and Rhithrogenajaponica Ueno was found at sites 2, 6, 7,

and 8. Epeorus aesculus Imanishi was present at site 1, 7, and 8. Cincticostella nigra

(Ueno) was found at sites 1, 2, 5, 7, and 8. Serratella immature sp. was also found at

sites 1, 2, 7, and 8. In addition, Cinygmula sp. 1 was found at sites 5, 6, 7, and 8.

Rhithrogena satsuki Imanishi was found at sites 5, 6, and 7. Drunella sp. 2 was present

at sites 5 and 7.

Ten species were found at one site only. Ephemera japonica McLachlan, was

found at site 1. Three species were only found at site 3. These were: Baetts sp. 5, Baetis

sp. 8, and Paraleptophlebia sp. 6. Baetis sp. 6 and Ephemera strigata Eaton were
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present at site 4. Paraleptophlebia sp. 8 was found at site 5, and Uracanthella chinoi

(Gose) was present at site 6. Site 7 had Paraleptophlebia sp. 9, and site 8 had Drunella

sp.4.

Stonefly species were found at sites 1,2,5, 7, and 8. Three species were present

in common at some of the sites. Amphinemura sp. 1 was found at sites 1, 5, 7, and 8.

Gibosia sp. 1 was found at sites 1 and 8. Sweltsa sp. 1 was found at sites 1, 2, and 7.

Three species ofPerlidae were found at one site. Neoperla sp. 1 was found at site 5, and

Paragnetina sp. 1 was present at site 2. Kiotina sp. 1 was found at site 5.

Species composition of caddisflies varied among eight sites. Two species were

found at most of the sites. Hydropsyche orientalis Martynov was present at all sites

except for site 6, and Rhyacophila brevicephala Iwata was found at sites 1,3,4,5, and 6.

Three species were present at upstream sites with or without site 5, and sites ofKomata

River. Brachycentrus sp. 1 was found at sites 1 and 8. Larval stage ofMicrasema sp. 3

was found at sites 2, 5, 7, and 8, and Neophylax sp. 3 was present at sites 2, 5, and 7.

Stenopsyche marmorata Navas was present at site 5 whereas Stenopsyche sauteri Ulmer

was found at sites 4, 5, and 6. Three species were found at downstream sites of the

Hienuki River and site 8. Rhyacophila nigrocephala Iwata and Glossosoma sp. 1 were

present at sites 5, 6, and 8. Pupal stage of Micrasema sp. 1 was found at sites 4, 5, and

8.

Twelve species were found at specific sites. Polycentropus cf sp. 1, was found

at sites 1 and 2. Rhyacophila sp. 8, Rhyacophila sp. 9, and Ceraclea sp. 1 were found at

site 4. Goerodesjaponicus (Tsuda) was present at site 5, and Cheumatopsyche sp. 1 and

Rhyacophila yamanakensis Iwata were found at site 6. Site 7 had pupal stage of

Limnocentropus insolitus Ulmer and four species of Lepidostomatidae, which were

Goerodes nukabiraensis (Kobayashi), Goerodes sp. 1, Goerodes sp. 2, and Goerodes sp.

3. Goerodes sp. 4 was found at site 8.

A small number of taxa of Odonata, Megaloptera, and Coleoptera were found at

sampling sites. One species of Odonata, Davidius fujiama (Fraser), was found at site 4.

One species of Megaloptera, Protohermes grandis Thunberg, was present at sites 2, 3,

and 4. Of four Elmidae species of Coleoptera, one species, Stenelmis cf sp. 1, was

found at site 3, 5, and 7. The rest of the species were present at specific sites.
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Macronychus cf. sp. 1 was present at site 3, and Ordobrevia cf. sp. 1 was found at site 4.

Zaitzevia sp. 1 was present at site 5. Mataeopsephus sp. 1 was present at sites 4,5, and

6.

Four species of Diptera were identified. Neohapalothrix sp. 1 was found at sites.

4, 5, and 6. Neohapalothrix sp. 2 was present at site 8. Neohapalothrix sp. 3 was found

at sites 2, 4, 5, 6, 7, and 8. Deuterophlebia nipponica Kitakami was found at all sites

except for sites 1 and 3.

4.2.4 Qualitative Insect Study from the Middle of June 2002

Qualitative insect samples were taken from June 10 to June 26,2002. Sixty-four
taxa of aquatic insects were identified. These included 30 Ephemeroptera, one Odonata,
5 Plecoptera, one Hemiptera, one Megaloptera, 18 Tricoptera, 4 Coleoptera, and 4

Diptera (Table 4.9). Table 10 shows the total grand taxa and the total taxa of

Ephemeroptera, Plecoptera, Tricoptera, and Diptera. The lowest total grand taxa were

found at site 3, and the highest total grand taxa were found at site 4.

Species composition of mayflies varied among sites. The lowest number of

species was found at site 3 (outlet), and the highest number of species was found at site

5. Baetis sp. 3 and Drunella trispina (Ueno) were present at all eight sites. Baetiella

japonica Imanishi was found all sites except for site 8, and Uracanthella rufa (Imanishi)
was found at all sites on Hienuki River. All species of Heptageniidae and

Leptophlebiidae were absent at site 3 (outlet). Of all species of these orders, three

species appeared at sites 2 and 4. These were: Epeorus latifolium Ueno, Epeorus uenoi

Matsumura, and Paraleptophlebia sp. 3. In Ephemerellidae, two species, Drunella

cryptomeria (Imanishi) and Serratella sp. 1, were found at upstream and downstream

sites ofHienuki River and sites of Komata River.

Four species were found at sites other than sites 3 and 4. Ecdyonurus kibunensis

Imanishi and Drunella bifurcata (Allen) appeared at all sites except for sites 3 and 4.

Rhithrogena japonica Ueno was found at sites 2, 5, 6, and 7.. Rhithrogena satsuki

Imanishi was present at sites 2,5, 7, and 8. Three species appeared sites other than sites

2 and 3. Epeorus ikanonis Takahashi and Paraleptophlebia sp. 4 were found at sites 1,

4,5, and 7. Cincticostella nigra (Ueno) was present at sites 1,4, 7, and 8.
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Five species were found at a few sites only. Baetis sp. 11 was present at sites 1,

2, and 3, and Drunella sp. 3 was found at sites 1 and 2. Drunella sp. 4 was present at

sites 5 and 8, and Caenis sp. 1 appeared at sites 3 and 4. Paraleptophlebia sp. 2 was

found at sites 4 and 5. Ephemera strigata Eaton appeared at sites 4 and 6. Ecdyonurus

yoshidae Takahashi was present at site 4, and Paraleptophlebia sp. 5 was found at site 5.

Drunella kohnoae (Allen) andParaleptophlebia sp. 10 were found at site 8.

Species composition of stoneflies was similar among sites. At least one stonefly

species was found at each site. Calineuria sp. 1 was present at sites 7 and 8, and

Caroperla sp. 1 was found at sites 1, 2, 4, and 8. Gibosia sp. 1 was present at sites 1 and

7, and Oyamia sp. 1 was found at sites 5 and 6. Sweltsa sp. 1 was present at sites 1,2,

and 3.

Species composition of caddisflies was relatively similar among sites. Two

species appeared at most of the sampling sites. Brachycentrus sp. 1 was found at all

sites, and Hydropsyche orientalis Martynov was present at all sites except for site 8.

Two species were found at sites other than site 3 .. Rhyacophila nigrocephala Iwata was

found at sites 1,2,4,6, and 8. Glossosoma sp. 2 was present at all sites except for sites

1 and 3. Two species of Stenopsychidae were found at different sites. Stenopsyche
marmorata Navas appeared at site 5 whereas Stenopsyche sauteri Ulmer was present at

sites 2, 4, 6, and 7.

Six species were found at sites of the Hienuki River. Plectrocnemia sp. 2 was

present at sites 1 and 4, and Cheumatopsyche sp. 1 appeared at sites 4, 5, and 6.

Rhyacophila brevicephala Iwata was found at sites 3, 4, and 5, and Rhyacophila

yamanakensis Iwata was present at sites 3 and 4. Pupal stage of Limnocentropus
insolttus Ulmer was found at site 1, and Goerodes sp. 5 was present at site 4. Three

species appeared at either sites ofboth rivers or sites of Komata River. Micrasema sp. 3

was found at sites 5 and 8, and Goerodes sp. 4 was present at sites 1 and 7. Phanocelia

cf. sp. 1 was found at site 7 whereas Glossosoma sp. 1 and Goerodes sp. 1 was present at

site 8.

Species composition of Odonata, Hemiptera, Megaloptera, and Coleoptera are

poorly known. One species each of Odonata, Hemiptera, and Megaloptera was found at

sampling sites. One species of Odonata, Davidius fujiama (Fraser), was found at site 8.
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One species of Hemiptera, Saldula sp. 1, appeared at site 1. One species of

Megaloptera, Protohermes grandis Thunberg was present at sites 3 and downstream

sites of Hienuki River. In Coleoptera, Mataeopsephus sp. 1 was found at sites 3 and 6,

and Ordobrevia cf. sp. 1 was present at sites 3 and 4. Atractelmis cf. sp. 1 appeared at

site 5 whereas Microcylloepus cf. sp. 1 was found at site 3.

In Diptera, 4 species were identified. Bibiocephala sp. 1 was present at sites 2,5,

and 6. Neohapalothrix sp. 1 was found at sites 2 and 4 whereas Neohapalothrix sp. 3

appeared at site 2, all downstream sites of Hienuki River, and all sites of Komata River.

Deuterophlebia nipponica Kitakami was found at sites 2 and 4.

, 4.2.5 Qualitative Insect Study from Late June to Early July 2002

Qualitative insect samples were taken from June 28 to July 7,2002. Sixty-seven
insect taxa were identified. These were 32 Ephemeroptera, 10 Plecoptera, one

Megaloptera, 18 Tricoptera, four Coleoptera, and one Diptera (Table 4.11). Table 12

shows the grand total taxa and the total number of taxa of Ephemeroptera, Plecoptera,

Tricoptera, and Diptera. The grand total taxa were the lowest at site 3 (outlet) whereas

the grand total taxa were the highest at site 1.

Species composition of mayflies varied although the total number of taxa was

similar among sites. Six species were present at all sites or most of the sites. Baetiella

"japontca Imanishi, Baetis sp. 3, Epeorus ikanonis Takahashi, Drunella cryptomeria

(Imanishi), Serratella sp. 1 were found at all sites. Acentrella sp. 1 appeared at all sites

except for sites 4 and 7, and Uracanthella rufa (Imanishi) was present at all sites but

sites 1 and 7. Five species appeared at all sites other than site '3. Epeorus latifolium
Ueno and Epeorus uenoi Matsumura were found at all sites except for site 3, and

Rhithrogena japonica Ueno was present at all sites without sites 3 and 6. Baetis sp. 8

appeared at sites 1,2, and 4. Ephemera strigata Eaton was found at sites 2 and 4.

Two species were present at upstream sites of the Hienuki River and sites of

Komata River. Isonychia japonica Ulmer appeared at sites 1 and 8, and Drunella

bifurcata (Allen) was found at sites 1,2, 7, and 8. Two species appeared at downstream

sites of Hienuki River and sites of Komata River. One species, Paraleptophlebia sp. 5,
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was found at sites 1, 5, and 7. Rhithrogena satsuki Imanishi appeared at sites, 4, 5, 6,
and 7 whereas Drunella trispina (Ueno) was present at sites 5, 7, and 8.

Fourteen species were found only at single or a few sites. Dipteromimus sp. 1

and Baetis sp. 10 appeared at site 6. Baetis sp. 12, Ecdyonurus yoshidae Takahashi,
Caenis sp. 1, and Paraleptophlebia sp. 10 were found at site 3. Paraleptophlebia sp. 2

was found sites 1 and 2, and Paraleptophlabia sp. 7 was present at sites 3 and 4. Baetis

sp. 9 was found at sites 1,2, and 3. Epeorus curvatulus Matsumura was found at sites 5

and 6. Paraleptophlebia sp. 3 was present at sites 1,4, and 5 and Paraleptophlebia sp. 4

appeared at sites 1 and 4. Isonychia sp. 1 was also found at sites 1 and 4. Baetis sp. 11

was present at sites 3 and 6, and Ecdyonurus kibunensis Imanishi was found at sites 4

and 7.

Species composition of stoneflies varied among sites. Stoneflies were absent at

site 3 (outlet), and site 1 had the highest number of species among sites. Two species

appeared at sites of both the Hienuki and Komata Rivers. Calineuria sp. 1 was present

at sites 2, 7, and 8, and Kogotus cf. sp. 1 was found at sites 1, 6, and 8. Two species

appeared at sites of the Hienuki River. Paragnetina sp. 1 appeared at sites 1,2, and 5,

and Togoperla sp. 1 was found at sites 1 and 2. Six species were found at single sites.

Nemoura sp. 1 and Isoperla sp. 1 were present at site 1. Sweltsa sp. 2 was present at site

2, and Oyamia sp. 1 was found at site 4. Sweltsa sp. 1 appeared at site 5, and Gibosia sp.

1 was present at site 7.

Species composition and species richness of caddisflies were different among

sites. The lowest number of species was found at sites 2 and 3 whereas the highest
number of species was present at site 4. One species, Hydropsyche orientalis Martynov,
was present at all sites. Stenopsyche marmorata Navas appeared at sites 3, 5,6, and 7

whereas Stenopsyche sauteri Ulmer was found at sites 2, 4, and 6. Two species were

present at sites other than site 3. Polycentropus cf. sp. 1 was found at sites 1,2,4, and 8,

and Rhyacophila nigrocephala Iwata appeared at sites 2, 4, 5, and 6. Three species were

present at sites other than sites 2 and 3. Brachycentrus sp. 1 was found at sites 1,4,5,6,

7, and 8, and Goerodes sp. 4 was present at sites 1, 4, 5, 7, and 8. Goerodes sp. 6

appeared at sites 1 and 4.·
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Two species were found at site 3 and downstream sites of Hienuki River.

Plectrocnemia sp. 1 was found at sites 3 and 4, and Rhyacophila brevicephala Iwata was

present at sites 3, 4,5, and 6. Eight species appeared at specific sites. Cyrnellus cf sp.

1, Rhyacophila sp. 13, and Rhyacophila sp. 14 were present at site 1, and Goerodes sp. S.

was found at site S. Ceraclea sp. 1 was found at site 6, and Goerodes sp. 1 was present

at site 8. Glossosoma sp. 1 was found at sites 7 and 8 whereas Glossosoma sp. 2 was

present at sites 5, 6, 7, and 8.

Species composition of Megaloptera, Coleoptera, Diptera are poorly known.

One species of Megaloptera, Protohermes grandis Thunberg, was found at sites 2, 3, 4,

and 5. In Coleoptera, Mataeopsephus sp. 1 was found at sites .3, 4, and 6, and

Macronychus cf.sp. 1 was present at site 6. Ordobrevia cf. sp. 1 appeared at site 8, and

Stenelmis cf. sp. 1 was present at site 1. One species of Diptera that was identified,

which was Neohapalothrix sp. 3, was found at sites 2, 4, and 5.
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Table 4.3. Master species list showing community composition at eight sample sites based on qualitative samples taken on May 4 and

5, 2002. 'N. Amr' is a North American key.

Site #

Taxon Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 Site 8

EPHEMEROPTERA

Ameletidae
Ameletus costalis Matsumura o o ++ +

�
w
w

Baetidae
Baetiella japonica Imanishi

Baetissp.3
Baetis sp. 4
Baetis sp. 5
Baetis sp. 6
Baetis sp. 7

+

+

o
+

+

o

+

+

+

o
o
o

+

+

o
o
+

o

+

+

o
o
o
o

+

+

o
o
o
+

Heptageniidae
Cinygmula sp. 1

Epeorus aesculus Imanishi

Epeorus ikanonis Takahashi

Epeorus ikanonis Takahashi?

Epeorus latifolium Ueno

Epeorus sp. 2
Immature Epeorus sp.

+ + + ----- + ----- +

+ + + ----- + ----- +

0 + 0 ----- + ----- +

0 0 + ----- 0 ----- 0
+ + + ----- + ----- +

0 0 0 ----- 0 ----- +

+ + + ----- ·0 ----- 0
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Table4.3.Master species list (continued).

Site #

Taxon Site 1 Site 2 Site 3 Site 4 SiteS Site 6 Site 7 Site 8

Heptageniidae (continued)
Rhithrogenajaponica Ueno 0 0 0 ----- + ----- +

Immature sp. + 0 0 ----- 0 ----- 0

Ephemerellidae
Cincticostella nigra (Ueno) + + 0 ----- + ----- +

-Cincticostella okumai (Gose) + 0 0 ----- 0 +
�

-----

..I:;.Drunella basalis (Imanishi) + + 0 0 +----- -----

Drunella bicornis(Gose) 0 + 0 ----- 0 ----- 0
Drunella bifurcata (Allen) + + + ----- + ----- +

Drunella cryptomeria (lmanishi) + + + ----- + ----- +

Drunella kohnoae (Allen) + 0 0 ----- + ----- +

Drunella kohnoae (Allen)? 0 0 + ----- 0 ----- 0
Drunella trispina (Ueno) + + + ----- + ----- +

Drunella trispina ezoensis (Gose) + 0 0 ----- 0 ----- 0
Drunella sp. 2 0 0 0 ----- + ----- +

Immature Drunella sp. + 0 + ----- + 0

Ephemerella denticula (Allen) 0 + 0 ----- 0 ----- 0

Uracanthella chinoi (Gose) 0 0 + ----- 0 ----- 0

Uracanthella rufa (lmanishi) 0 + + ----- + ----- 0

Uracanthella rufa (Imanishi)? 0 + 0 ----- 0 ----- 0

? 0 0 + ----- 0 ----- 0



J
Table4.3. Master species list (continued).

Site #

Taxon Site 1 Site 2 Site 3 Site 4 SiteS Site 6 Site 7 Site 8

Leptophlebiidae
Paraleptophlebia chocorata Imanishi + 0 + ----- 0 ----- 0

Paraleptophlebia sp. 2 0 0 + ----- 0 ----- 0

Paraleptophlebia sp. 3 + 0 + ----- + ----- 0

Paraleptophlebia sp. 4 0 + + ----- + 0

Paraleptophlebia sp. 5 0 0 0 ----- + ----- +
- Paraleptophlebia sp. 7 0 0 + + 0w ----- -----

VI

Paraleptophlebia sp. 2 or 3 0 + 0 0 0----- -----

ODONADA

Gomphidae
Davidiusfujiama (Fraser) 0 0 0 ----- + ----- +.

PLECOPTERA

Taeniopterygidae
Bolotoperla cf. sp. 1 (from N. Amr.) 0 + 0 ----- 0 ----- 0

.Nemouridae

Amphinemura sp. 1 + + 0 ----- + ----- +

Indonemoura sp. 1 0 + 0 ----- 0 ----- 0
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Table4.3. Master species list (continued).

Site #

Taxon Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 Site 8

Nemouridae (continued)
Nemoura sp. 1 0 + 0 ----- 0 ----- 0
Protonemura sp. 1 + + 0 ----- 0 ----- 0
Protonemura sp. 2 + + 0 ----- 0 ----- 0
Protonemura sp. 3 0 + 0 ----- 0 ----- 0
Immature sp. + 0 0 ----- 0 ----- 0

-

w
0'1Perlidae

Calineuria stigmatica (Klapalek) + 0 0 ----- 0 ----- 0

Caroperlapacifica Kohno 0 0 + ----- + ----- 0

Caroperla sp. 1 0 + 0 ----- 0 ----- 0
Gibosia sp. 1 0 + 0 ----- 0 ----- 0

Paragnetina sp. 1 0 + 0 ----- 0 ----- 0
Immature Paragnetina sp.? 0 + 0 ----- 0 ----- 0

Togoperla sp. 1 0 0 0 ----- + ----- 0

Perlodidae

Isoperla nipponica Okamoto + + 0 ----- 0 ----- 0

Pseudomegarcys sp. 1 0 0 0 ----- + ----- 0

Chloroperlidae
Alloperla sp. 1 + + 0 ----- 0 ----- 0
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Table 4.3. Master species list (continued).

Site #

Taxon Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 Site 8

Chloroperlidae (continued)
Sweltsa sp. 1 + + 0 ----- 0 ----- 0
Immature sp. + 0 0 ----- 0 ----- 0

HEMIPTERA

- Gerridaew
-...l

Aquarius sp. 1 + 0 0 0 0----- -----

MEGALOPTERA

Corydalidae
Protohermes grandis Thunberg + + + ----- 0 ----- 0

TRICHOPTERA

Stenopsychidae
Stenopsyche marmorata Navas 0 0 + ----- 0 ----- 0

Stenopsyche sauteri Ulmer + + + ----- + ----- 0

... L
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Table4.3. Master species list (continued).

Site #

Taxon Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 Site 8

Hydropsychidae
Cheumatopsyche sp. 1 0 0 0 ----- .f- ----- 0

Hydropsyche orienta/is Martynov + + + ----- + ----- 0

Rhyacophilidae
Rhyacophila brevicephala Iwata 0 + + ----- + ----- 0

..- Rhyacophila brevicephala Iwata? 0 0 + 0 0
w

----- -----

00
Rhyacophi/a nigrocephala Iwata 0 + 0 0+ ----- -----

Rhyacophila yamanakensis Iwata 0 0 + ----- 0 ----- 0

Rhyacophila sp. RK 0 + 0 ----- 0 ----- 0

Rhyacophila sp. 1 0 0 + ----- 0 ----- 0

Rhyacophila sp. 5 0 0 + ----- 0 ----- 0

Rhyacophila sp. 7 0 0 + ----- 0 ----- 0

Immature Rhyacophila sp. + 0 0 ----- 0 ----- 0

Glossosomatidae
Glossosoma sp. 1 + + + ----- + ----- +

Glossosoma sp. 2 0 0 0 ----- 0 ----- +

Limnocentropodidae
Limnocentropus insolttus Ulmer (larva) 0 + 0 ----- 0 ----- +

Limnocentropus insolitus Ulmer (pupa) 0 0 0 ----- 0 ----- +

•
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Table4.3. Master species list (continued).

Site #

Taxon Site 1 Site 2 Site 3 Site 4 SiteS Site 6 Site 7 Site 8

'��Brachycentridae
<-.>f] Micrasema sp. 1 + + + .---- + ----- +

Micrasema sp. 3 0 + 0 ----- 0 ----- 0

Lepidostomatidae
Goerodes nukabiraensis (Kobayashi) 0 0 0 ----- + ----- +

..... Goerodes sp. 1 0 0 0 0 +
w

----- -----

\C) Immature Goerodes sp. 0 0 0 + 0----- -----

Immature sp. + 0 0 ----- 0 ----- 0

Limnephilidae
Nothopsyche sp. 1 0 + 0 ----- 0 ----- 0

Uenoidae
Neophylax sp. 2 0 0 0 ----- 0 ----- +

Immature Neophylax sp. + 0 + ----- 0 ----- +

COLEOPTERA

Epimetopidae
Epimetopus cf. sp. 1 (from N. Amr.) 0 0 0 ----- + ----- +
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Table4.3. Master species list (continued).

Site #

Taxon Site 1 Site 2 Site 3 Site 4 SiteS Site 6 Site 7 Site 8

Hydrophilidae
Unidentified sp. 0 + 0 ----- 0 ----- 0

Psephenidae
Mataeopsephus sp. 1 0 0 + ----- 0 ----- 0

-Elmidae..c::..
0

Optioservus cf. sp. 1 (from N. Amr.) + + 0 0 0----- -----

Ordobrevia cf sp. 1 (from N. Arnr.) 0 0 0 ----- + ----- 0

Ptiliidae
Unidentified sp. 0 + 0 ----- 0 ----- 0

DIPTERA

Blephariceridae
Bibiocephala montana montana Kitakami 0 + 0 ----- + ----- +

Pupa 0 0 0 ----- + ----- 0

Chironomidae
Larvae + + + ----- + ----- +



Table 4.3. Master species list (continued).

Site #

Taxon Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 Site 8

Hydrophilidae
Unidentified sp. 0 + 0 ----- 0 ----- 0

Psephenidae
Mataeopsephus sp. 1 0 0 + ----- 0 ----- 0

- Elmidae..j:::..
0

Optioservus cf. sp. 1 (from N. Amr.) + + 0 0 0----- -----

Ordobrevia cf. sp. 1 (from N. Amr.) 0 0 0 ----- + ----- 0

Ptiliidae
Unidentified sp. 0 + 0 ----- 0 ----- 0

DIPTERA

Blephariceridae
Bibiocephala montana montana Kitakami 0 + 0 ----- + ----- +

Pupa 0 0 0 ----- + ----- 0

Chironomidae
Larvae + + + ----- + ----- +
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Table4.3. Master species list (continued).

Site #

Taxon Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 Site 8

il'jlIDeuterophIebiidae:!I_�J Deuterophlebia nipponica Kitakami 0 + 0 ----- + ----- 0

Nyrnphomyiidae? 0 + 0 ----- 0 ----- 0

Psychodidae
"""'" Pericoma sp. 1 + 0 0 0 0.;:. ----- -----

"""'"

Larvae 0 0 0 0+ ----- -----

D.Simuliidae
Larvae 0 + 0 ----- 0 ----- +

D.Tipulidae
Larvae + + + ----- + ----- +

Pupa + 0 0 ----- 0 ----- 0

Oligochaetae 0 0 + ----- 0 ----- 0

Turbellaria + 0 + ----- + ----- 0

Water mites 0 + 0 ----- + ----- +

-



� fi

Site #

Grand total

insects

Total

Ephemeroptera
Total

Plecoptera
Total

Trichoptera Total Diptera

Table4.4. Summary ofmaster species list in the early May 2002.

Site1(most upstream) 29 17 7 4 1

Site2(upstream) 43 18 13 10 2

Site3(outlet) 28 16 1 11 0

Site4(4 km downstream)
Site5(4.5 km downstream) 32 19 4 7 2

Site6(6.5 km downstream)
-
Site7(upstream ofKomata River) 27 18 1 7 1
"J:..Site8(downstream ofKomata River)IV



Table 4.5. Master species list showing community composition at eight sample sites based on qualitative samples taken from May 13
to 16, 2002. 'N. Amr' is a North American key.

.

Site #

Taxon Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 Site 8

EPHEMEROPTERA

Ameletidae
Ameletus costalis Matsumura 0 0 0 0 + 0 0 0

-

Baetidae�
w

Baetiella japonica Imanishi + + + + + + + +

Baetis sp. 3 + + + + + + + +

Baetis sp. 4 0 0 + + 0 0 0 0
Baetis sp. 5 0 0 0 0 0 0 0 +

Baetis sp. 6 + 0 0 0 0 0 0 +

Baetis sp. 7 0 0 0 0 0 + 0 0

Heptageniidae
Cinygmula sp. 1 0 0 0 0 + 0 + +

Epeorus aesculus Imanishi + + 0 0 0 0 + +

Epeorus curvatulus Matsumura? 0 0 0 0 0 0 0 +

Epeorus ikanonis Takahashi 0 0 0 0 0 0 0 +

Epeorus latifolium Ueno + + 0 + + + + +

Epeorus uenoi Matsumura 0 + 0 + 0 0 + +

Epeorus sp. 2 + + 0 0 0 0 0 0



Table4.5.Master species list (continued).

Site #

Taxon Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 Site 8

.Heptageniidae (continued)
Epeorus sp. 4 0 0 0 + 0 0 0 + I"

Immature Epeorus sp. 0 + 0 0 0 0 + +

Heptagenia sp. 1 0 0 0 0 0 0 0 +

Heptagenia sp. 2 0 0 0 0 0 0 0 +

Rhithrogena japonica Ueno 0 0 0 + 0 0 + +
-

�
�

Ephemerellidae
Cincticostella nigra (Ueno) 0 0 0 0 + + + +

Cincticostella tshernovae (Bajkova) 0 0 0 0 + + O· 0

Drunella basalis (Imanishi) 0 + 0 0 0 0 0 +

Drunella bifurcata (Allen) + + 0 + + + + +

Drunella cryptomeria (Imanishi) + + 0 + + + + +

Drunella kohnoae (Allen) 0 + 0 + 0 + + +

Drunella trispina (Ueno) + + 0 + + 0 + +

Drunella sp. 2 0 0 0 0 + + + +

Ephemerella denticula (Allen) 0 + 0 0 0 0 0 0

Uracanthella chinoi (Gose) + 0 0 + + + 0 0

Uracanthella chinoi (Gose)? 0 0 0 0 0 0 + 0

Uracanthella rufa (Imanishi) 0 0 + + + + 0 0

Immature Uracanthella sp. 0 0 0 0 0 + 0 0

....
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Table 4.5. Master species list (continued).

Site #
--

Taxon Site 1 Site 2 Site 3 Site 4 SiteS Site 6 Site 7 Site 8

Caenidae
Caenis sp. 1 0 0 + 0 0 0 0 0

Leptopblebiidae
Paraleptophlebia chocorata Imanishi 0 0 0 + + + 0 +

Paraleptophlebia sp. 2 0 + 0 + + + 0 +
.....

Paraleptophlebia sp. 3 0 0 0 0_.::.. + + 0 0
v.

Paraleptophlebia sp. 4· 0 + 0 + + + + +

Paraleptophlebia sp. 5 0 0 0 + 0 0 0 0

Paraleptophlebia sp. 6 0 0 0 + 0 0 0 0

Ephemeridae
Ephemera strigata Eaton 0 0 0 0 + + 0 +

PLECOPTERA

Nemouridae

Amphinemura sp. 1 0 0 0 0 + 0 0 +

Immature Protonemura sp. 0 0 0 0 0 0 0 +
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Table 4.5. Master species list (continued).

Site #

Taxon Site 1 Site 2 Site 3 Site 4 SiteS Site 6 Site 7 SiteS

Perlidae

Neoperla sp. 1 0 0 0 0 + 0 0 0

Paragnetina sp. 1 0 + 0 0 0 0 0 0
11

Acroneuria stigmatica Klapalek 0 0 0 0 0 0 0 +

Caroperla sp. 1 0 + 0 0 0 0 0 +

Oyamia lugubris (McLachlan) 0 0 0 0 + 0 0 0
.....

Togoperla sp. 1 0 0 0 0 0_.::.. + + +
0\

Chloroperlidae
Alloperla sp. 1 0 0 0 0 0 0 0 +

Sweltsa sp. 1 0 + 0 0 0 0 0 +

MEGALOPTERA

Corydalidae
Protohermes grandis Thunberg 0 + + + 0 0 0 +

TRICHOPTERA

Stenopsychidae
Stenopsyche marmorata Navas 0 0 + + 0 0 0 0

Stenopsyche sauteri Ulmer 0 + 0 + + 0 0 +
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Table4.5. Master species list (continued).

Site #

Taxon Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 Site 8

Hydropsychidae
Cheumatopsyche sp. 1 0 0 0 + + 0 0 0

Cheumatopsyche sp.? 0 0 0 + 0 0 0 0

Hydropsyche orientalis Martynov + + + + + 0 + +

Rhyacophilidae
-

Rhyacophila brevicephala Iwata 0 0 + 0 0� + + +
-....)

Rhyacophila nigrocephala Iwata 0 0 + + 0 + + +

Rhyacophila yamanakensis Iwata 0 0 + 0 0 + 0 0

Rhyacophila sp. 1 0 0 0 + 0 0 0 0

Rhyacophila sp. 8 0 + 0 0 0 0 0 0

Glossosomatidae
Glossosoma sp. 1 + 0 0 + 0 + 0 +

Glossosoma sp. 2 0 + 0 + + + + +

Glossosoma sp. 3 0 0 0 0 + 0 0 +

Limnocentropodidae
Limnocentropus tnsolitus Ulmer (larva) 0 + 0 0 0 0 0 0

Limnocentropus insolitus Ulmer (pupa) 0 + 0 0 0 0 0 0
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Table4.5. Master species list (continued).

Site #

II'
Taxon Site 1 Site 2 Site 3 Site 4 SiteS Site 6 Site 7 Site 8

Brachycentridae
Micrasema sp. 1 (larvae) 0 + 0 + + + 0 +

Micrasema sp. 2 (larvae) 0 0 0 + + + 0 +

Micrasema sp. 3 (larvae) 0 0 0 0 0 0 0 +

Micrasema sp. pupa 0 0 0 + 0 0 0 0

-

Lepidostomatidae-I:;.00
Goerodes sp. 1 + + 0 0 0 + 0 +

Limnephilidae
Asynarchus sp. or Limnephilus sp.? 0 0 0 0 0 0 0 +

Immature sp. 2 0 0 0 0 0 0 0 +

Apataniidae
Apatania sp. 1 0 0 0 0 0 + 0 0

Uenoidae

Neophylax sp. 1 0 0 0 0 + 0 + +



j
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Table4.5. Master species list (continued).

Site #

Taxon Site 1 Site 2 Site 3 Site 4 SiteS Site 6
.

Site 7 Site 8

Heteroceridae
Unidentified sp. 0 0 0 0 + 0 0 0

?
Unidentified sp. 0 + 0 0 0 0 0 0

-

DIPTERAVI
0

Blephariceridae
Neohapalothrix kanni Kitakami? 0 0 0 0 + 0 0 0

Neohapalothrix sp. 1 0 0 0 + + + + +

Neohapalothrix sp. 2 0 + 0 0 0 0 0 0

Parablepharocera esakii Alexander 0 0 0 0 0 0 0 +

Philorus kuyaensis Kitakami 0 0 0 0 0 0 0 +

Philorus sp.? 0 0 0 + 0 0 0 0

Pupa + + 0 0 + 0 0 +

Chironomidae
Larvae + + + + + + + +

Deuterophlebiidae
Deuterophlebia nipponica Kitakami + + 0 0 + 0 + +



Table4.5. Master species list (continued).

Site #

Taxon Site 1 Site 2 Site 3 Site 4 SiteS Site 6 Site 7 Site 8

�1�1

,.ti
Psychodidae

Pupa? 0 0 0 0 + 0 0 0

Dixidae

Pupa? 0 0 0 0 + 0 0 0

-

SimuliidaeVI
-

Larvae + + + 0 + 0 + +

Pupa 0 0 0 0 0 0 0 +

Tipulidae
Larvae + + + + + + + +

Pupa 0 0 0 0 + 0 0 0

Pupa? 0 0 0 0 + 0 0 0

Athericidae
Unidentified sp. + 0 0 + 0 0 0 0

Collembola 0 0 0 0 0 0 + 0

Crustacean 0 0 0 0 0 0 0 +

Oligochaetae 0 0 0 0 0 0 0 +

Snail 0 0 + 0 0 0 0 0
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Table4.5. Master species list (continued).

Site #

Taxon Site 1 Site 2 Site 3 Site 4 SiteS Site 6 Site 7 Site 8

.Turbellaria 0 0 + + + 0 0 0

Watermites 0 + 0 0 + 0 0 0

�.

Table4.6. Summary ofmaster species list in the middle ofMay 2002.
-

VI
N

Site #

Grand total

insects

Total

Trichoptera Total Diptera
Total

Ephemeroptera

Total

Plecoptera

Site1(most upstream) 14 10 0 3 1

Site2(upstream) 26 14 3 7 2

Site3(outlet) 10 5 0 5 0

Site4(4 Ion downstream) 31 19 0 11 1

Site5(4.5 Ian downstream) 32 18 4 8 2

Site6(6.5 Ian downstream) 27 16 1 9 1

Site7(upstream ofKomata River) 20 14 0 4 2

Site8(downstream of Komata River) 46 24 6 12 4





�
Table 4.7. Master species list (continued).

Site #

Taxon Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 Site 8

I
Heptageniidae (continued)

� Rhithrogena satsuki Imanishi 0 0 0 0 + + + 0

Immature Rhithrogena sp. 0 0 0 0 0 0 0 +

Ephemerellidae .

Cincticostella nigra (Ueno) + + 0 0 + 0 + +
-

Drunella basalis (Imanishi) 0 0 0 0VI + 0 0 0
�

Drunella bifurcata (Allen) + + 0 0 + + + +

Drunella cryptomeria (Imanishi) + + + + + + + +

Drunella kohnoae (Allen) + + 0 0 + 0 0 0

Drunella trispina (Ueno) + + 0 + + + + +

Drunella sp. 2 0 0 0 0 + 0 + 0

Drunella sp. 4 0 0 0 0 0 0 0 +

Drunella immature sp. 0 0 0 0 + 0 + +

Serratella sp. 1 0 + 0 0 0 + 0 0

Serratella sp.? 0 0 0 0 + 0 0 0

Serratella immature sp. + + 0 0 0 0 + +

Uracanthella chinoi (Gose) 0 0 0 0 0 + 0 0

Uracanthella rufa (Imanishi) 0 0 + + + 0 0 0

Caenidae
Caenis sp. 1 0 0 + 0 + 0 0 0
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Table4.7. Master species list (continued).

Site #

Taxon Site 1
.

Site 2 Site 3 Site 4 SiteS Site 6 Site 7 Site 8

Leptophlebiidae
Paraleptophlebia sp. 2 0 + 0 + + + + 0

Paraleptophlebia sp. 3 + + + + + 0 + +

Paraleptophlebia sp. 4 + + 0 + + + + 0

Paraleptophlebia sp. 5 0 0 + + + 0 0 0

Paraleptophlebia sp. 6 0 0 + 0 0 0 0 0
-

Paraleptophlebia sp. 6? 0 0 0 0VI 0 + 0 0
VI

Paraleptophlebia sp. 7 0 0 + + + + 0 0

Paraleptophlebia sp. 8 0 0 0 0 + 0 0 0

Paraleptophlebia sp. 9 0 0 0 0 0 0 + 0

Ephemeridae
Ephemerajaponica McLachlan + 0 0 0 0 0 0 0

Ephemera strigata Eaton 0 0 0 + 0 0 0 0

ODONATA

Gomphidae
Davidiusfujiama (Fraser) 0 0 0 + 0 0 0 0

ft
�



\
i
-

r:

Table4.7. Master species list(continued).

Site #

Taxon Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 Site 8

PLECOPTERA

Nemouridae
Amphinemura sp. 1 + 0 0 0 + 0 + +

Immature Protonemura sp. + 0 0 0 0 0 + +

....

PerlidaeVI
0\

Neoperla sp. 1 0 0 0 0 + 0 0 0

Paragnetina sp. 1 0 + 0 0 0 0 0 0

Gibosia sp. 1 + 0 0 0 0 0 0 +

Kiotina sp. 1 0 0 0 0 + 0 0 0

Immature sp. 0 + 0 0 0 0 0 0

Perlodidae
Immature Isoperla sp. 0 + 0 0 0 + 0 0

Immature sp. 0 0 0 0 + 0 0 0

Chloroperlidae
Sweltsa sp. 1 + + 0 0 0 0 + 0
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Table4.7. Master species list (continued).

Site #

--,Taxon Site 1 Site 2 SiteJ Site 4 SiteS Site 6 Site 7 Site 8

,

�
MEGALOPTERA

Corydalidae
.

Protohermes grandis Thunberg 0 + + + 0 0 0 0

TRICHOPTERA
-

(J\
-..l

Stenopsychidae
Stenopsyche marmorata Navas 0 0 0 0 + 0 0 0

Stenopsyche sauteri Ulmer 0 0 0 + + + 0 0

Polycentropodidae
Polycentropus cf. sp. 1 (from N.

Amr.) + + 0 0 0 0 0 0

Hydropsychidae
Cheumatopsyche sp. 1 0 0 0 0 0 + 0 0

Hydropsyche orientalis Martynov + + + + + 0 + +

Rhyacophilidae
Rhyacophila brevicephala Iwata + 0 + + + + 0 0

Rhyacophila nigrocephala Iwata 0 0 0 0 + + 0 +
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Table4.7. Master species list (continued).

Site #

Taxon Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 Site 8

Rbyacophilidae (continued)
Rhyacophila yamanakensis Iwata 0 0 0 0 0 + 0 0

Rhyacophila sp. 8 0 0 0 + 0 0 0 0

Rhyacophila sp. 9 0 0 0 + 0 0 0 0

Glossosomatidae
-

Glossosoma sp. 1 0 0 0 0
u.

+ + 0 +

00
Glossosoma sp. I? 0 0 0 + 0 0 0 0

Glossosoma sp. 2 0 + 0 0 0 + + +

Limnocentropodidae
Limnocentropus insolitus Ulmer

(pupa) 0 0 0 0 0 0 + 0

Brachycentridae? 0 0 0 0 + 0 0 0

Brachycentridae
Brachycentrus sp. 1 + 0 0 0 0 0 0 +

Micrasema sp. 1 (pupa) 0 0 0 + + 0 0 +

Micrasema sp. 3 (larvae) 0 + 0 0 + 0 + +

Micrasema sp. pupa 0 0 0 0 0 + +. +

Immature sp. 0 0 0 + 0 0 0 +
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Table4.7. Master species list (continued).

Site #

'r'tTaxon Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 Site 8

-

.�j

Lepidostomatidae
Goerodes japonicus (Tsuda) 0 0 0 0 + 0 0 0

Goerodes nukabiraensis (Kobayashi) 0 0 0 0 0 0 + 0

Goerodes sp. 1 0 0 0 0 0 0 + 0

Goerodes sp. 2 0 0 0 0 0 0 + 0

Goerodes sp. 3 0 0 0 0 0 0 + 0
-

Goerodes sp. 4 0 0 0 0 0 0 0
VI

+

\0
Immature Goerodes sp. 0 0 0 0 0 0 + +

Limnephilidae
Immature Hydatophylax sp. 0 0 0 0 0 0 + 0

Immature sp. 0 0 0 0 0 + + +

Uenoidae
Neophylax sp. 3 0 + 0 0 + 0 + 0

Immature Neophylax sp. 0 0 0 0 0 0 0 +

Leptoceridae
Ceraclea sp. 1 0 0 0 + 0 0 0 0
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Table4.7. Master species list (continued).

Site #

Taxon Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 Site 8

COLEOPTERA

Psephenidae
Mataeopsephus sp. 1 0 0 0 + + + 0 0

Elmidae
- Macronychus cf. sp. 1 (from N.0'1
0

Amr.) 0 0 + 0 0 0 0 0

Neoelmis cf. sp.? (from N. Amr.) 0 0 0 0 + 0 0 0

Ordobrevia cf. sp. 1 (from N. Amr.) 0 0 0 + 0 0 0 0

Stenelmis cf. sp. 1 (from N. Amr.) 0 0 + 0 + 0 + 0

Zaitzevia sp. 1 0 0 0 0 + 0 0 0

Immature sp. 0 0 + 0 0 0 0 0

Histeridae
Unidentified sp. 0 0 0 o· 0 0 0 +

DIPTERA

Blephariceridae
Neohapalothrix sp. 1 0 0 0 + + + 0 0

Neohapalothrix sp. 2 0 0 0 0 0 0 0 +
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Table4.7. Master species list (continued).

Site #

Taxon Site 1 Site 2 Site 3 Site 4 SiteS Site 6 Site 7 Site 8

Blephariceridae (continued)
Neohapalothrix sp. 3 0 + 0 + + + + +

Immature sp. 0 0 0 0 + 0 + 0

Pupa 0 0 0 0 0 0 + 0

Chironomidae
-

Larvae0'1 + + + + + + + +

-

Pupa + + 0 0 0 0 + +

Adult 0 0 0 0 0 0 0 +

Deuterophlebiidae
Deuterophlebia nipponica Kitakami 0 + 0 + + + + +

Deuterophlebia sp. pupa 0 0 0 0 0 0 + 0
\

Simuliidae
Larvae 0 + + + +. + + +

Pupa 0 + 0 0 0 0 0 +

Tipulidae
Larvae + + + + + + 0 +
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Table4.7. Master species list (continued).

Site #

-_

lTaxon
Site 1 Site 1 Site 3 Site 4 Site 5 Site 6 Site 7 Site 8

Ant 0 0 0 0 0 0 0 +

Eggmass
0 + 0 0 0 0 0 +

Nematodes 0 0 + 0 0 0 0 0

Oligochaetae? 0 + 0 0 0 0 0 0

Turbellaria 0 + + + 0 0 + 0

Watermites 0 0 0 0 + + + +

-

0'\
N
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Table4.8. Summary ofmaster species list from late May to early June 2002.

Grand total Total Total Total

Site # insects Ephemeroptera Plecoptera Trichoptera Total Diptera

Site1(most upstream) 18 11 3 4 0

Site2(upstream) 24 15 2 5 2

Site3(outlet) 13 11 0 2 0

Site4(4 km downstream) 27 17 0 7 3

Site5(4.5 km downstream) 39 23 3 10 3

Site6(6.5 km downstream) 28 18 0 7 3

Site7(upstream ofKomata River) 30 17 2 9 2

-

Site8(downstream ofKomata River) 26 13 2 8 3
01
VJ



Table4.9.Master species list showing community composition at eight sample sites based on qualitative samples taken from June 10

toJune26,2002. �N. Amr' is a North American key.

Site #

�,Taxon Site 1 Site 2 Site 3 Site 4 SiteS Site 6 Site 7 Site 8

il�c�

EPHEMEROPTERA

Baetidae
Acentrella sp. 1 0 0 + 0 + + 0 0

Baetiella japonica Imanishi +" + + + + + + 0

-Baetis sp. 3 + + +
0\

+ + + + +

�
Baetis sp. 9 0 0 + + + 0 0 0

Baetis sp. 11 + + + 0 0 0 0 0

Immature Baetis sp. + + + + + + + +

Isonychiidae
Immature Isonychia sp. + 0 0 0 0 0 0 0

Heptageniidae
Ecdyonurus kibunensis Imanishi + + 0 0 + + + +

Ecdyonurus yoshidae Takahashi 0 0 0 + 0 0 0 0

Epeorus curvatulus Matsumura 0 + 0 0 + + 0 0

Epeorus ikanonis Takahashi + 0 0 + + 0 + 0

Epeorus latifolium Ueno + + 0 + + + 0 +

Epeorus uenoi Matsumura + + 0 + 0 0 0 +

Rhithrogena japonica Ueno 0 + 0 0 + + + 0
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Table4.9. Master species list (continued).

Site #

ill"Taxon Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 Site 8

�
,.dHeptageniidae (continued)

Rhithrogena satsuki Imanishi 0 + 0 0 + 0 + +

Immature Rhithrogena sp. + + 0 0 + 0 0 0

Ephemerellidae
Cincticostella nigra (Ueno) + 0 0 + 0 0 + +

- Drunella basalis (Imanishi) 0 + 0 0 + 0 0 0
�
VI

Drunella bifurcata (Allen) + + 0 0 + + + +

Drunella cryptomeria (Imanishi) + + 0 + 0 + + .+

Drunella kohnoae (Allen) 0 0 0 0 0 0 0 +

Drunella trispina (Ueno) + + + + + + + +

Drunella sp. 3 + + 0 0 0 0 0 0

Drunella sp. 4 0 0 0 0 + 0 0 +

Immature Drunella sp. 0 0 0 + 0 0 0 0

Serratella sp. 1 + + 0 + + + + 0

Immature Serratella sp. + + + + 0 + + 0

Uracanthella rufa (Imanishi) + + + + + + 0 0

Immature sp. 0 0 ·0 + 0 + 0 0

Caenidae
Caenis sp. 1 0 0 + + 0 0 0 0
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Table4.9. Master species list (continued).

Site #

Taxon Site 1 Site 2 Site 3 Site 4 SiteS Site 6 Site 7 Site 8

Leptophlebiidae
Paraleptophlebia sp. 2 0 0 0 +. + 0 0 0

Paraleptophlebia sp. 3 0 + 0 + 0 + + +

Paraleptophlebia sp. 4 + 0 0 + + + + 0

Paraleptophlebia sp. 5 0 0 0 0 + 0 0 0

Paraleptophlebia sp. 10 0 0 0 0 0 0 0 +

'"""'

0\
0\

Ephemeridae
Ephemera strigata Eaton 0 0 0 + 0 + 0 0

ODONATA

Gomphidae
Davidius fujiama (Fraser) 0 0 0 0 0 0 0 +

PLECOPTERA

Nemouridae
Immature Amphinemura sp. + 0 0 0 0 0 + 0

Immature Protonemura sp. + + 0 + 0 0 + 0
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Table4.9. Master species list (continued).

1�
Site #

Taxon Site 1 Site 2 Site 3 Site 4 SiteS Site 6 Site 7 Site 8

.�-,iPerlidae
Calineuria sp, 1 0 0 0 0 0 0 + +

Caroperla sp. 1 + + 0 + 0 0 0 +

Gibosia sp. 1 + 0 0 0 0 0 + 0

Oyamia sp. 1 0 0 0 0 + + 0 0

,...

Perlodidae0'1
......:I

Immature Isoperla sp. 0 0 0 + 0 + 0 0

Chloroperlidae
Suwallia sp.? + 0 0 0 0 0 0 0

Sweltsa sp. 1 + + + 0 0 0 0 0

HEMIPTERA

Salididae
Saldula sp. 1 + 0 0 0 0 0 0 0

MEGALOPTERA

Corydalidae
Protohermes grandis Thunberg 0 0 + + + + 0 0
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Table4.9. Master species list (continued).

Site #

Taxon Site 1
.

Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 Site 8

TRICHOPTERA

Stenopsychidae
Stenopsyche marmorata Navas 0 0 0 0 + 0 0 0

Stenopsyche sauteri Ulmer 0 + 0 + 0 + + 0

-

Polycentropodidae0\
00

Plectrocnemia sp. 2 + 0 0 + 0 0 0 0

Hydropsychidae
Cheumatopsyche sp. 1 0 0 0 + + + 0 0

Hydropsyche orientalis Martynov + + + + + + + 0

Immature sp. 0 + 0 + + + 0 0

Rbyacophilidae
Rhyacophila brevicephala Iwata 0 0 + + + 0 0 0

Rhyacophila nigrocephala Iwata + + 0 + 0 + 0 +

Rhyacophila yamanakensis Iwata 0 0 + + 0 0 0 0

Immature sp. 0 0 0 0 0 + 0 0
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Table4.9. Master species list (continued) ..

Site #

Taxon Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 Site 8

Glossosomatidae
Glossosoma sp. 1 0 0 0 0 0 0 0 +

Glossosoma sp. 2 0 + 0 + + + + +

Limnocentropodidae
Limnocentropus insolitus Ulmer

.....

(pupa) + 0 0 0 0 0 0 0
'"
\0

Brachycentridae
Brachycentrus sp. 1 + + + + + + + +

Micrasema sp. 1 (larvae) 0 0 0 0 0 + 0 0

Micrasema sp. 3 (larvae) 0 0 0 0 + 0 0 +

Micrasema sp. pupa + 0 0 0 0 0 0 0

Lepidostomatidae
Goerodes sp. 1 0 0 0 0 0 0 0 +

Goerodes sp. 4 + 0 0 0 0 0 + 0

Goerodes sp. 5 0 0 0 + 0 0 0 0

Immature Goerodes sp. + 0 0 0 0 0 0 0

Immature sp. 0 0 0 0 + 0 + +
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Table4.9. Master species list (continued).

Site #

Taxon Site 1 Site 2 Site 3 Site 4 SiteS Site 6 Site 7 SiteS

Limnephilidae
Phanocelia cf sp. 1 (from N. Amr.) 0 0 0 0 0 0 + 0

Immature sp. 1 0 0 0 + 0 0 0 0
..

COLEOPTERA

-

Amphizoidae....:J0
Amphizoa sp.? 0 0 + 0 0 0 0 0

Carabidae
Unidentified sp. 0 0 0 + 0 0 0 0

Psephenidae
Mataeopsephus sp. 1 0 0 + 0 0 + 0 0

Elmidae
Atractelmis cf. sp. 1 (from N. Amr.) 0 0 0 0 + 0 0 0

Microcylloepus cf. sp. 1 (from N.

Amr.) 0 0 + 0 0 0 0 0

Ordobrevia cf sp. 1 (from N. Arnr.) 0 0 + + 0 0 0 0

Immature sp. 0 0 0 0 + 0 0 0
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Table4.9. Master species list (continued).

Site #

'�1Taxon Site 1 Site 2 Site 3 Site 4 SiteS Site 6 Site 7 Site 8

!
-,�,,'

DIPTERA

Blephariceridae
Bibiocephala jyaensis Kitakami? 0 + 0 0 0 0 0 0

Bibiocephala sp. 1 ·0 + 0 0 + + 0 0

Neohapalothrix sp. 1 0 + 0 + 0 0 0 0
-

Neohapalothrix sp. 3 0 0....:J + + + + + +

-

Immature sp. 0 0 0 + 0 0 0 0

Pupa 0 0 0 0 0 + + 0

Ceratopogonidae
Unidentified sp. 0 0 + 0 0 0 0 0

Chironomidae
Larvae + + + + + + + +

Pupa + + + + 0 0 + 0

Deuterophlebiidae
Deuterophlebia nipponica Kitakami 0 + 0 + 0 0 0 0

-...... l
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Table4.9. Master species list (continued).

Site #

;i'1Taxon Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 Site 8

i'
�.,;��{
.

T.pupa
+ 0 + 0 + + 0 0

Turbellaria 0 0 0 + 0 0 + 0

Watermites 0 + 0 + 0 0 0 0

-

�

..... l
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Table4.10. Summary of master species list in the middle ofJune 2002.

Site #

Grand total

insects

Total

Plecoptera
.

Total Diptera
Total

Ephemeroptera

Total

Trichoptera

Site1(most upstream) 24 15 3 6 0

Site2(upstream) 28 17 2 5 4

Site3(outlet) 13 8 1 4 0

Site4(4 km downstream) 31 17 1 10 3

Site5(4.5 km downstream) 29 19 1 7 2

Site6(6.5 km downstream) 25 15 1 7 2

-
Site7(upstream of Komata River) 22 13 2 6 1

�Site8(downstream ofKomata River) 22 13 2 6 1
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Table4.11. Master species list showing community composition at eight sample sites based on qualitative samples taken from June

28toJuly 7,2002. 'N. Amr' is a North American key.

Site #

Taxon Site 1 Site 2 Site 3 Site 4 SiteS Site 6 Site' Site 8

EPHEMEROPTERA

Siphlonuridae
Dipteromimus sp. 1 0 0 0 0 0 + 0 0

-

Baetidae.....:J
VI

Acentrella sp. 1 + + + 0 + + 0 +

Baetiellajaponica Imanishi + + + + + + + +

Baetis sp. 3 + + + + + + + +

Baetis sp. 8 + + 0 + 0 0 0 0

Baetis sp. 9 +. + + 0 0 0 0 0

Baetis sp. 10 0 0 0 0 0 + 0 0

Baetts sp. 11 0 0 + 0 0 + 0 0

Baetis sp. 12 0 0 + 0 0 0 0 0

Immature Baetis sp. 0 0 + + + + + 0

Isonychiidae
Isonychiajaponica Ulmer + 0 0 0 0 0 0 +

Isonychia sp. 1 + 0 0 + 0 0 0 0
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Table4.11. Master species list (continued).

Site #

�lTaxon Site 1 Site 2 Site 3 Site 4 SiteS Site 6 Site 7 Site 8

__

,H�

Heptageniidae r

Ecdyonurus kibunensis Imanishi 0 0 0 + 0 0 + 0
1
,.

Ecdyonurus yoshidae Takahashi 0 0 + 0 0 0 0 0

Epeorus curvatulus Matsumura 0 0 0 0 + + 0 0

Epeorus ikanonis Takahashi + + + + + + + +

Epeorus latifolium Ueno + + 0 + + + + +

-

Epeorus uenoi Matsumura 0-...J + + + + + + +

0'1

Rhithrogenajaponica Ueno + + 0 + + 0 + +

Rhithrogena satsuki Imanishi 0 0 0 + + + + 0

Immature Rhithrogena sp. 0 + 0 0 0 0 0 0

Ephemerellidae
Drunella bifurcata (Allen) + .+ 0 0 0 0 + +

Drunella cryptomeria (Imanishi) + + + + + + + +

Drunella trispina (Ueno) 0 0 0 0 + 0 + +

Immature Drunella sp. 0 0 0 + 0 0 0 0

Serratella sp. 1 + + + + + + + +

Immature Serratella sp. + 0 + + 0 + 0 +

Uracanthella rufa (Imanishi) 0 + + + + + 0 +

Immature Uracanthella sp. 0 0 0 + 0 0 0 0

Immature sp. 0 0 0 0 + 0 0 0
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Table4.11. Master species list (continued).

Site #

-lTaxon
Site 1 Site 2 Site 3 Site 4 SiteS Site 6 Site 7 Site 8

.�
__.&:i

Rbyacophilidae
Rhyacophila brevicephala Iwata 0 0 + + + + 0 0

Rhyacophila nigrocephala Iwata 0 + 0 + + + 0 0

Rhyacophila sp. 13 + 0 0 0 0 0 0 0

Rhyacophila sp. 14 + 0 0 0 0 0 0 0

Immature sp. 0 0 0 + + + 0 +

-

00
0
Glossosomatidae

Glossosoma sp. 1 0 0 0 0 0 0 + +

Glossosoma sp. 2 0 0 0 0 + + + +

Glossosoma sp. (pupa) +. 0 0 0 0 0 0 0

Immature Glossosoma sp. 0 0 0 0 0 + + 0

Brachycentridae
Brachycentrus sp. 1 + 0 0 + + + + +

Brachycentrus sp. 1 (pupa)? 0 + 0 0 0 + 0 0

Micrasema sp. pupa 0 0 0 0 0 0 0 +

Lepidostomatidae
Goerodes sp. 1 0 0 0 0 0 0 0 +

Goerodes sp. 4 + 0 0 + + 0 + +

Goerodes sp. 5 0 0 0 0 + 0 0 0

-- t
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Table4.11. Master species list (continued).

Site #

Taxon Site 1 Site 2 Site 3 Site 4 SiteS Site 6 Site 7 Site 8

Lepidostomatidae (continued)
Goerodes sp. 6 + 0 0 + 0 0 0 0

Immature Goerodes sp. 0 0 0 0 0 0 + 0

Immature sp.
+ 0 0 0 0 0 0 +

Limnephilidae
00 Immature sp. 0 0 0 0 0 0 + 0

Leptoceridae
Ceraclea sp. 1 0 0 0 0 0 + 0 0

COLEOPTERA

Carabidae
Unidentified sp. 0 0 0 + 0 + 0 0

Psephenidae
Mataeopsephus sp. 1 0 0 + + 0 + 0 0

Elmidae
Macronychus cf.sp, 1 (from N. Amr.) 0 0 0 0 0 + 0 0

Ordobrevia cf. sp. 1 (from N. Amr.) 0 0 0 0 0 0 0 +

� L
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Table4.11. Master species list (continued).

Site #

r-'Taxon Site 1 Site 2 Site 3 Site 4 SiteS Site 6
I

Site 7 SiteS

Elmidae (continued)
Stenelmis cf. sp. 1 (from N. Amr.) + 0 0 0 0 0 0 0

DIPTERA

Blephariceridae
.....

Bibiocephala montana montana Kitakami? 0 0 0 0
00

+ + + +

tv
Neohapalothrix sp. 3 0 + 0 + + 0 0 0

Pupa 0 + 0 0 + + + 0

Chironomidae
Larvae + + + + + + + +

Pupa + + + + + + + +

Simuliidae
Larvae + + + + + + + +

Pupa + 0 + + + 0 + +

Thaumaleidae?

Adult 0 0 + 0 0 0 0 0

�
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Table4.11. Master species list (continued).

Site #

I - - ._._- -
-- -

,

l'iTaxon Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 Site 8

J
.iii,,-�:t

.Tipulidae
Larvae + + + + 0 + + + l·

Pupa + + 0 + 0 0 0 0

Athericidae
Unidentified sp. + + 0 .+ + 0 + +

1-0

00
w

Ant 0 0 0 0 0 0 0 +

Crustacean 0 0 0 0 0 0 + +

D.Adult sp. 0 + 0 0 + + o. +

Egg(brown) 0 0 + 0 0 0 0 0

Eggmass + + 0 + + + + +

E.Immature sp.
+ 0 0 0 0 0 0 0

Oligochaetae + 0 + + + 0 + +

Oligochaetae? + + + 0 0 + + +

Pupa 0 0 0 0 0 0 0 +

Terrestrial insect 0 0 + 0 0 + 0 0

T.case + + 0 0 + + + +

T.Immature sp.
+ O· 0 + + 0 0 0
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Table4.11. Master species list (continued).

Site #

Taxon Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 . Site 7 Site 8

T.pupa + 0 0 0 0 0 0 0

Turbellaria 0 0 + 0 0 0 0 +

'Water mites + 0 0 0 0 0 0 0

-

00
�

� t
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Table4.12. Summary of master species list from late June to early July 2002.

Site #

Grand total

insects

Total

Ephemeroptera

Total

Plecoptera
Total

Trichoptera Total Diptera

Site1(most upstream) 31 18 5 8 0

Site2(upstream) 24 15 4 4 1

Site3(outlet) 18 14 0 4 0

Site4(4 km downstream) 28 17 1 9 1

Site5(4.5 km downstream) 26 15 2 8 1

Site6(6.5 km downstream) 23 14 1 8 0

.....
Site7(upstream ofKomata River) 21 13 2 6 0
00
Site8(downstream ofKomata River) 22 13 2 7 0
VI



4.3 Quantitative Insect Study
Quantitative insect samples were taken four times between May and July 2002:

1) middle of May 2002; 2) late May to early June 2002; 3) middle of June 2002, and 4)
late June to early July 2002. All quantitative samples except in the middle of May were

taken on the same days as qualitative samples.
In this study, species of Ephemeroptera, Plecoptera, and Tricoptera were used

.

for statistical analyses. Because this section is very confusing, species abundance is

defined as 'N', and species richness is defined as's'.

4.3.1 Presence-Absence

4.3.1.1 Presence-Absence, Mid-May 2002

From May 16 to 23, 2002, total insect species collected in three sites was 47.

Table 4.13 shows presence or absence ofeach species collected at each site in this study.
Three Coleoptera species were removed, and therefore 44 species were used for this

study. Upstream (site 2), 36 species were found in total, including 23 mayfly, three

stonefly, and 10 caddisfly species. At the outlet (site 3), 10 species were found total,

including five mayfly and five caddisfly species. Downstream (site 4),21 species were

found, including 15 mayfly, one stonefly, and five caddisfly species. Four species were

found in common among the three sites: Baetiella japonica Imanishi, Baetis sp. 3,
Uracanthella rufa (Imanishi), and Hydropsyche orientalis Martynov.

4.3.1.2 Presence-Absence, Late May to Early June 2002

From May 28 to June 8, 2002, the total number of species at three sites was 48

(Table 4.14). One Megaloptera species and one Coleoptera species were removed, and

therefore 46 species were used for this study. Upstream, 31 species were present

including 19 mayfly, two stonefly, and 10 caddisfly species. At the outlet, 16 species
were found including nine mayfly, one stonefly, and six caddisfly species.

Downstream,27 species were found in total, including 19 mayfly, two stonefly, and six

caddisfly species. Seven species were found in common among three sites: Acentrella

lR6
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sp. 1, Baetiellajaponica Imanishi, Baetis sp. 3, Baetis sp. 9, Caenis sp. 1, Brachycentrus

sp. 1, and Hydropsyche orientalis Martynov.

4.3.1.3 Presence-Absence, Middle of June 2002

From June 10 to June 26, 2002, the total number of insect species at three sites

was 43 (Table 4.15). One Megaloptera and one Coleoptera were removed, and therefore

41 species were used for this study. Upstream, 33 species, including 21 mayfly, one

stonefly, and 11 caddisfly species were found. At the outlet, there were 15 species,

including nine mayfly and six caddisfly species. Downstream, 32 species were taken,

including 20 mayfly, one stonefly, and 11 caddisfly species. Eleven species were found

in common among three sites: Acentrella sp. 1, Baetiellajaponica Imanishi, Baetis sp. 3,
Baetis sp. 9, Baetis sp. 10, Baetis sp. 11, Brachycentrus sp. 1, Ceraclea sp. 1,

Hydropsyche orientalis Martynov, Rhyachophila brevicephala Iwata, and Rhyachophila

yamanakensis Iwata.

4.3.1.4 Presece-Absence, Late June to Early July 2002

From June 28 to July 7,2002,47 species were taken in three sites. Presence and

absence data are shown in Table 4.16. One species of Coleoptera was removed leaving
46. Upstream, 31 species were found including 17 mayfly, four stonefly, and 10

caddisfly species. At the outlet, 22 species were found, including 13 mayfly and nine

caddisfly species. Downstream, there were 24 species, including 15 mayfly species and

nine caddisfly species. Nine species were found in common among three sites:

Acentrella sp. 1, Baetiella japonica Imanishi, Baetis sp. 3, Baetis sP: 11, Epeorus
ikanonis Takahashi, Serratella sp. 1, Brachycentrus sp. 1, Hydropsyche orientalis

Martynov, and Rhyacophila sp. 13.

lR7



Table 4.13. A community list of presence (+) labsence (0) for quantitative insect

samples collected in the middle of May 2002. Upstream represents site 2. Outlet

represents site 3. Downstream represents site 4.

EPHEMEROPTERA

Taxon Upstream Outlet Downstream

Acentrella sp. 1 0 0 +

Immature Acentrella sp. ? 0 0 +

Ameletus costalis Matsumura + 0 0
Baetiellajaponica lrnanishi + + +

Immature Baetiella sp. + 0 +

Baetis sp. 3 + + +

Baetis sp. 4 + + +

Baetis sp. 5 + + +

Baetis sp. 5? 0 0 +

Baetis sp. 7 + 0 0
Baetis sp. 8 + 0 0
Baetis sp. 9 + 0 0
Immature Baetis sp. + + 0
Unidentified Baetis sp. + 0 0
Caenis sp. 1 + 0 +

Cincticostella nigra (Ueno) + 0 +

Drunella basalis (Imanishi) + 0 0

Drunella bicornis (Gose) + 0 0
Drunella bifurcata (Allen) + 0 0
Drunella cryptomeria (Imanishi) + 0 +

Drunella kohnoae (Allen) + 0 +

Drunella trispina (Ueno) + 0 +

Immature Drunella sp. 0 0 +

Epeorus aesculus Imanishi + 0 0

Epeorus curvatulus Matsumura 0 0 +

Epeorus ikanonis Takahashi + 0 +

Epeorus latifolium Ueno + 0 +

Epeorus uenoi Matsumura + 0 +

Immature Epeorus sp. + 0 0

Paraleptophlebia sp. 3 + 0 0

Torleya sp. 1 + 0 0

Uracanthella rufa (Imanishi) + + +

Unidentified Baetidae sp. 0 0 +

Immature Ephemerellidae sp. + 0 +

Immature sp. + 0 +

Total taxa 23 5 15

lRR
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Table 4.13. A community list (continued).

PLECOPTERA

Taxon Upstream Outlet· Downstream

Calineuria sp. 1 + 0 0
Immature Isoperla sp.? + 0 0

Paragnetina sp. 1 + 0 0
Protonemura sp. 4 + 0 0
Sweltsa sp. (Adult female) + 0 0

Togoperla sp. 1 0 0 +

Immature Chloroperlidae sp. 0 0 +

Immature sp. + 0 0

Total taxa 3 0 1

TRICOPTERA

Taxon Upstream Outlet Downstream

Cheumatopsyche sp. 1 0 + +

Glossosoma sp. 2 + 0 0

Goerodes sp. 1 + 0 0

Hydropsycheorientalis Martynov + + +

Micrasema sp. 1 + 0 0

Micrasema sp. 2 + 0 +

Micrasema sp. 3 + 0 0

Immature Micrasema sp. + 0 +

Neophylax sp. 3 + 0 0

Neophylax sp. 4 + 0 0

Unidentified Neophylax sp. + 0 0

Rhyachophila brevicephala Iwata 0 + +

Rhyachophila nigrocephala Iwata 0 + 0

Rhyachophila nigrocephala
Iwata? 0 0 +

Rhyachophila yamanakensis Iwata 0 0 +

Rhyachophila sp. 5 0 + 0

Rhyachophila sp. 8 + 0 0

Rhyachophila sp. 11 + 0 0

lR9
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Table 4.13. A community list (continued).

TRICOPTERA (continued)

Taxon Upstream Outlet Downstream

Unidentified Lepidostomatidae + 0 0
Immature sp. + 0 0

Pupa + 0 0

Total taxa 10 5 5

COLEOPTERA

Taxon Upstream Outlet Downstream

Ancyronyx cf sp. 1 (from N.

Amr.) + 0 0
Carbaidae cf. (from N. Amr.) + 0 0

Microcylloepus cf sp. 1 (from N.

Amr.) + 0 0

DIPTERA

Family name Upstream Outlet Downstream

Blephariceridae (Larvae) 0 0 +

Blephariceridae (pupa) + 0 0

Ceratopogonidae + 0 +

Psychodidae + 0 0
Simuliidae + + +

Tipulidae (Larvae) + 0 +

Immature Tipulidae? + + 0

Tipulidae? 0 0 +

? + 0 0
Chironomidae (Larvae) + + +

Chironomidae (pupa) + + +
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Table 4.13. A community list (summary) (continued).

Grand total Total Total Total
Site insects Epbemeroptera Plecoptera Tricboptera

Upstream 36 23 3 10
Outlet 10 5 0 5
Downstream 21 15 1 5

191
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Table 4.14. A community list of presence (+) labsence (0) for quantitative insect

samples collected from late May to early June 2002. Upstream represents site 2. Outlet

represents site 3. Downstream represents site 4.

EPHEMEROPTERA

Taxon Upstream Outlet Downstream

Acentrella sp. 1 + + +

Immature Acentrella sp. 0 0 +

Ameletus costalis Matsumura + 0 +

Baetiella japonica Imanishi + + +

Immature Baetiella sp. + + +.

Baetis sp. 3 + + +

Baetis sp. 41 0 + 0
Baetis sp. 51 0 + +

Baetis sp. 7 + 0 0
Baetis sp. 8 0 + 0
Baetis sp. 9 + + +

Baetis sp. 10 + 0 +

Immature Baetis sp. +. + +

Caenis sp. 1 + + +

Cincticostella tshernovae (Bajkova) 0 0 +

Drunella bifurcata (Allen) + 0 +

Drunella cryptomeria (Imanishi) + 0 +

Drunella kohnoae (Allen) + 0 0

Drunella trispina (Ueno) + + 0

Immature Drunella sp. + 0 +

Ecdyonurus kibunensis Imanishi + 0 0

Epeorus aesculus Imanishi + 0 0

Epeorus curvatulus Matsumura + 0 +

Epeorus ikanonis Takahashi + 0 +

Epeorus latifolium Ueno + 0 +

Epeorus uenoi Matsumura + 0 +

Paraleptophlebia sp. 2 0 + 0

Paraleptophlebia sp. 3 0 0 +

Paraleptophlebia sp. 4 0 0 +

Paraleptophlebia sp. 8 0 0 +

Serratella sp. 1 + 0 +

Uracanthella rufa (Imanishi) 0 + +

Immature Uracanthella sp. 0 0 +

Immature Baetidae sp. + + +

Unidentified Baetidae sp. + 0 +
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Table 4.14. A community list (continued).

EPHEMEROPTERA (continued)

Taxon Upstream Outlet Downstream

Immature Ephemerellidae sp. + 0 +

Unidentified Ephemerellidae sp. + 0 +

Immature Heptegeniidae sp. + 0 +

Unidentified Heptageniidae sp. + 0 0
Immature sp. 0 + 0

Total taxa 19 9 19

PLECOPTERA

Taxon Upstream Outlet Downstream

Caltneuria sp. 1 + 0 0
Immature Kogotus cf. sp. 0 0 +

Nemoura sp. 1 0 + 0

Paragnetina sp. 1 + 0 0
Protonemura sp. 1 0 0 +

Immature Protonemura sp. + 0 0

Togoperla sp. 1 0 0 +

Immature sp. + 0 0

Total taxa 2 1 2

TRICOPTERA

Taxon Upstream Outlet Downstream

Brachycentrus sp. 1 + + +

Ceraclea sp. 1 + + 0

Glossosoma sp. 1 0 0 +

Goerodes complicatus (Kobayashi) + 0 0

Goerodes nukabiraensis

(Kobayashi) 0 0 +

Hydropsyche ortentalis Martynov + + +

Limnocentropus insolitus Ulmer + 0 0

Micrasema sp. 1 + 0 0
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Table 4.14. A community list continued.

TRICOPTERA (continued)

Taxon Upstream Outlet Downstream

Micrasema sp. 3 + 0 0
Micrasema sp. (pupa) + 0 +

Immature Micrasema sp. + 0 0

Neophylax sp. 3 + 0 0
Unidentified Neophylax sp. + 0 0
Plectrocnemia sp. 1 + 0 0

Rhyachophila brevicephala Iwata 0 + +
. Rhyachophila nigrocephala Iwata 0 + . 0

. Rhyachophila yamanakensis Iwata + 0 0

Rhyachophila sp. 8 0 + +

Immature Rhyacophila sp. + 0 0
Immature Uenoidae sp. + 0 0
Adult Rhyacophilidae sp. 0 0 +

Immature sp. + 0 0

Pupa + 0 +

�
Total taxa 10 6 6

MEGALOPTERA

Taxon Upstream Outlet Downstream

Protohermes grandis Thunberg o o +

COLEOPTERA

Taxon Upstream Outlet Downstream

Helophorus sp.?
Optioservus cf sp. (from N. Amr.)

o
o

o
o

+

+
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Table 4.14. A community list (continued).

DIPTERA

Family name Upstream Outlet Downstream

Athericidae + 0 0

Blephariceridae (Larvae) 0 0 +

Deuterophlebiidae + 0 0

Psychodidae + 0 0
Simuliidae (Larvae) + + +

Simuliidae (Pupa) + 0 0
Tipulidae (Larvae) + + +

Tipulidae (pupa) + 0 0

Tipulidae? + + 0
Chironomidae (Larvae) + + +

Chironomidae (Pupa) + + +

Chironomidae (egg mass) 0 0 +

Chironomidae (egg mass hatched) 0 0 +

Adult Diptera + 0 0

Summary

Grand total . Total Total Total
Site insects Ephemeroptera Plecoptera Trichoptera

Upstream 31 19 2 10
Outlet 16 9 1 6
Downstream 27 19 2 6
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Table 4.15. A community list of presence (+) labsence (0) for quantitative insect

samples collected in the middle of June 2002. Upstream represents site 2. Outlet

represents site 3. Downstream represents site 4.

EPHEMEROPTERA

Taxon Upstream Outlet Downstream

Acentrella sp. 1 + + +

Baetiella japonica Imanishi + + +

Immature Baetiella sp. 0 + .+

Baetis sp. 3 + + +

Baetis sp. 8 + + 0
Baetis sp. 9 + + +

Baetis sp. 10 + + +

Baetis sp. 11 + + +

Immature Baetis sp. + + +

Caenis sp. 1 + 0 +

Drunella bifurcata (Allen) + 0 0
Drunella cryptomeria (Imanishi) + 0 +

Drunella trispina (Ueno) + 0 +

Drunella sp. 3 + 0 0

Immature Drunella sp. 0 0 +

Unidentified Drunella sp. + 0 0

Ecdyonurus kibunensis Imanishi + 0 +

Ecdyonurus yoshidae Takahashi 0 + 0

Epeorus curvatulus Matsumura + ·0 +

Epeorus ikanonis Takahashi + 0 +

Epeorus latifolium Ueno + 0 +

Epeorus uenoi Matsumura + 0 +

Immature Isonychia sp. + 0 0

Paraleptophlebia sp. 3 + 0 +

Paraleptophlebia sp. 4 0 0 +

Rhithrogena satsuki Imanishi + 0 +

Serratella sp. 1 + 0 +

Uracanthella chino; (Gose) + 0 +

Uracanthella rufa (Imanishi) 0 + +

Immature Baetidae sp. + + +

Unidentified Baetidae sp. + 0 0

Immature Ephemerellidae sp. + + +

Unidentified Ephemerellidae sp. + 0 0
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Table 4.15. A community list (continued).

EPBEMEROPTERA (continued)

Taxon Upstream Outlet Downstream

Immature Heptegeniidae sp. + 0 +

Unidentified Heptageniidae sp. + 0 0
Immature sp. + 0 0

Total taxa 21 9 20

PLECOPTERA

Taxon Upstream Outlet Downstream

Immature Indonemoura sp.? 0 0 +

Immature Isoperla sp. 0 0 +

Oyamia sp. 1 0 0 +

Paragnetina sp. 1 + 0 0
Immature Protonemura sp. + 0 +

Immature Perlidae sp. 0 0 +

Immature sp. + + 0

Total taxa 1 0 1

TRICOPTERA

Taxon Upstream Outlet Downstream

Brachycentrus sp. 1 + + +

Ceraclea sp. 1 + + +

Cheumatopsyche sp. 1 0 + +

Glossosoma sp. 1 0 0 +

. Glossosoma sp. 2 + 0 +

Immature Glossosoma sp. + 0 0
Goerodes sp. 4 0 0 +

Hydropsyche orientalis Martynov + + +

Immature Hydropsyche sp. + 0 +

Micrasema sp. 3 0 0 +

Micrasema sp. (pupa) + 0 0

Immature Micrasema sp. + + 0
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Table 4.15. A community list (continued).

TRICOPTERA (continued)

Taxon Upstream Outlet Downstream

Neophylax sp. 3 + 0 0

Neophylax sp. pupa? + 0 0
Plectrocnemia sp. 1 + 0 0

Rhyachophila brevicephala Iwata + + +

Rhyachophila yamanakensis Iwata + + +

Rhyachophila sp. 1 + 0 0

Rhyachophila sp. 8 + 0 +

Rhyachophila sp. 11 + 0 0
.

Immature Rhyacophila sp. 0 + +

Immature Polycentropodidae sp. + 0 0
Immature Rbyacophilidae sp. + 0 0

Rbyacophilidae egg? + 0 0
Immature sp. + 0 +

Pupa + 0 +

Total taxa 11 6 11

MEGALOPTERA

Taxon Upstream Outlet Downstream

Protohermes grandis Thunberg 0 0 +

COLEOPTERA

Taxon Upstream Outlet Downstream

Ordobrevia sp. 1 0 0 +
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Table 4.15. A community list (continued).

DIPTERA

Family name Upstream Outlet Downstream

Athericidae + + 0

Blephariceridae (larvae) 0 0 +

Ceratopogonidae 0 + 0

Deuterophlebiidae (pupa) + 0 0
Simuliidae (larvae) + + +

Simuliidae (pupa) + + +

Tipulidae (larvae) + + +

Tipulidae (pupa) .f- 0 +

Tipulidae? 0 + 0
Chironomidae (adult) 0 + 0
Chironomidae (larvae) + + +

Chironomidae (pupa) + + +

Chironomidae (egg mass hatched) + 0 +

Adult Diptera 0 0 +

Summary

Grand total Total Total Total
Site insects Epbemeroptera Plecoptera Tricboptera

Upstream 33 21 1 11
Outlet 15 9 0 6
Downstream 32 20 1 11
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Table 4.16. A community list of presence (+) labsence (0) for quantitative insect

samples collected from late June to early July 2002. Upstream represents site 2. Outlet

represents site 3. Downstream represents site 4.

EPHEMEROPTERA

Taxon Upstream Outlet Downstream

Acentrella sp. 1 + + +

Baetiella japonica Imanishi + + +

Baetis sp. 3 + + +

Baetis sp. 8 0 + 0
Baetis sp. 9 + + 0
Baetis sp. 10 + 0 +

Baetis sp. 10? 0 + 0
Baetis sp. 11 + + +

Baetis sp. 12 0 + 0
Immature Baetis sp. + + +

Unidentified Baetis sp. 0 + +

Caenis sp. 1 0 + 0
Drunella bifurcata (Allen) + 0 0
Drunella cryptomeria (Imanishi) + 0 +

Drunella sp. 3 + 0 0
Immature Drunella sp. + 0 +

Ecdyonurus kibunensis Imanishi + 0 0

Ecdyonurus yoshidae Takahashi + 0 0

Epeorus curvatulus Matsumura + 0 +

Epeorus ikanonis Takahashi + + +

Epeorus latifolium Ueno + 0 +

Epeorus uenoi Matsumura + 0 +

Unidentified Epeorus sp. + 0 +

Isonychia sp. 1 0 + +

Paraleptophlebia sp. 3 0 + 0

Paraleptophlebia sp. 7 0 0 +

Paraleptophlebia sp. 10 0 0 +

Serratella sp. 1 + + +

Torleya sp. 1 + 0 0

Uracanthella rufa (Imanishi) 0 + +

Immature Baetidae sp. 0 + 0

Unidentified Baetidae sp. + 0 0

Immature Ephemerellidae sp. + + +
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Table 4.16. A community list (continued).

EPHEMEROPTERA (continued)

Taxon Upstream Outlet Downstream

Unidentified Ephemerellidae sp.
Immature Heptegeniidae sp.
Immature sp.

+

+

+

o
o
+

+

+

+

Total taxa 17 13 15

PLECOPTERA

Taxon Upstream Outlet Downstream

Amphinemura sp. 1 + 0 0
Immature Amphinemura sp. 0 0 +

Calineuria sp. 1 + 0 0
Immature Indonemoura sp. 0 + 0

Immature Nemoura sp. 0 + 0

Paragnetina sp. 1 + 0 0

Protonemura sp. 1 + 0 0
Immature Perlidae sp. 0 0 +

Immature sp. + + 0

Total taxa 4 0 0

TRICOPTERA

Taxon Upstream Outlet Downstream

Brachycentrus sp. 1 + + +

Ceraclea sp. 1 + 0 +

Glossosoma sp. 2 + 0 0

Goerodesjaponicus (Tsuda)? 0 + 0

Goerodes sp. 4 0 0 +

Hydropsyche orientalis Martynov + + +

Immature Hydropsyche sp. 0 0 0

Immature Limnocentropus sp. + 0 +
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Table 4.16. A community list (continued).

TRICOPTERA (continued)

Taxon Upstream Outlet Downstream

Micrasema sp. 3 + 0 0
Plectrocnemia sp. 1 0 + +

Polycentropus cf sp. 1 (from N.

Amr.) + 0 0

Rhyacophila brevicephala Iwata + 0 +

Rhyacophila nigrocephala Iwata? 0 0 +

Rhyacophila yamanakensis Iwata 0 + 0

Rhyacophila sp. 1 0 + 0
. Rhyacophila sp. 8 + ·0 0

. Rhyacophila sp. 12 0 + +

Rhyacophila sp. 13 + + +

Rhyacophila sp. 14 0 0 +

Stenopsyche marmorata Navas + + 0

Stenopsyche sauteri Ulmer 0 + 0
Immature Stenopsyche sp. 0 + 0
Immature Brachycentridae sp. + + +

Immature Hydropsychidae sp. + + +

Immature Polycentropodidae sp. + + +

Immature Rhyacophilidae sp. 0 0 +

Rhyacophilidae egg? 0 0 0
Immature sp. + + +

Total taxa 10 9 9

COLEOPTERA

Taxon Upstream Outlet Downstream

Notiodes cf. sp. 1 (from N. Amr.) + o o
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Table 4.16. A community list (continued).

DIPTERA

Species name Upstream Outlet Downstream

Athericidae 0 + +

Blephariceridae (larvae) + 0 +

Ephydridae? + 0 0
Simuliidae (adult) 0 + 0
Simuliidae (larvae) + + +

Simuliidae (pupa) + + +

Tipulidae (larvae) + + +

Chironomidae (larvae) + + +

Chironomidae (pupa) + + +

Summary

Grand total Total Total Total
Site insects Ephemeroptera Plecoptera Trichoptera

Upstream 31 17 4 10
Outlet 22 13 0 9
Downstream 24 15 0 9
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4.3.2 N through Sampling Sites

4.3.2.1 N in the Middle of May 2002

4.3.2.1.1 Rank Abundance of Species
Various properties of the communities upstream, at the reservoir outlet, and

downstream can be compared in Table 4.17 and Figure 4.68. Plots of Log N rank

abundance are shown for each site in Figure 4.68. The upstream site had many more

species and individuals than the other two sites, and fewer species and lower populations
were found at the outlet. Actual numbers and individual species can be found in Table

4.17, where individual species were ranked by abundance at each site.

The mayfly Baetiella japonica Imanishi, was the most abundant upstream;

second most abundant was Baetis sp. 3. Number of Micrasema sp. 1, suddenly
decreased (Table 4.17). Abundance of rest of the species gradually declined upstream

(Fig. 4.68).
In contrast, the caddisfly Hydropsyche orientalis Martynov was the most

abundant at the outlet, and the two mayflies that were most abundant upstream were

present in very small numbers at the outlet. Abundance of other species suddenly
decreased (Table 17 and Fig. 4.68). Downstream, Baetiella japonica Imanishi was the

most abundant, and second and third were the same abundant species discussed above

(second to fifth most abundant species were Baetis sp. 3, Hydropsyche orientalis

Martynov, Epeorus latifolium Ueno, and Drunella cryptomeria (lmanishi)). The

numbers of other species suddenly declined (Table 4.17). Other species downstream

slowly decreased (Fig. 4.68).
Sand N upstream were the highest among three sites (Fig. 4.68). sand N at the

outlet was the lowest among three sites (Fig. 4.68).
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Table4.17. Rank abundance of species upstream (site 2), at the outlet outlet (site 3), and downstream (site 4) in the middle ofMay
2002.These data are shown in graphic form in Figure 4.68. Down. represents downstream.

Rank Taxon Upstream Rank Taxon Upstream

1 Baetiella japonica Imanishi 729 19 Rhyachophila sp. 8 4

2 Baetis sp. 3 249 24 Cincticostella nigra (Ueno) 2

3 Micrasema sp. 1 81 24 Paraleptophlebia sp. 3 2

4 Caenis sp. 1 58 24 Goerodes sp. 1 2

5 Epeorus latifolium Ueno 45 27 Baetts sp. 4 1

6 Drunella bifurcata (Allen) 31 27 Drunella basalis (Imanishi) 1

7 Epeorus uenoi Matsumura 20 27 Torleya sp. 1 1

N
8 Micrasema sp. 3 16 27 Uracanthella rufa (Imanishi) 1
09 Drunella cryptomeria (Imanishi) 15 27 Calineuria sp. 1 1
U'I

10 Baetis sp. 5 14 27 Paragnetina sp. 1 1

11 Epeorus ikanonis Takahashi 12 ·27 Protonemura sp. 4 1

12 Ameletus costalis Matsumura 11 27 Glossosoma sp. 2 1

12 Hydropsyche orientalis Martynov 11 27 Neophylax sp. 4 1

14 Drunella kohnoae (Allen) 7 27 Rhyachophila sp. 11 1

14 Baetis sp. 8 7 37 Acentrella sp. 1 0

16 Baetis sp. 9 6 37 Epeorus curvatulus Matsumura 0

17 Micrasema sp. 2 5 37 Togoperla sp. 1 0

17 Neophylax sp. 3 5 37 Cheumatopsyche sp. 1 0

19 Baetis sp. 7 4 37 Rhyacophila brevicephala Iwata 0

19 Drunella bicomis (Gose) 4 ·37 Rhyacophila nigrocephala Iwata 0

19 Drunella trispina (Ueno) 4 37 Rhyacophila yamanakensis Iwata 0

19 Epeorus aesculus Imanishi 4 37 Rhyacophila sp. 5 0
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Table4.17. Rank abundance ofspecies (continued).

Rank Taxon Outlet Rank Taxon Outlet

1 Hydropsyche orientalis Martynov 91 11 Drunella trispina (Ueno) 0

2 Baetiella japonica Imanishi 19 11 Epeorus aesculus Imanishi 0

3 Baetis sp. 3 11 11 Epeorus curvatulus Matsumura 0

4 Baetis sp. 5 5 11 Epeorus ikanonis Takahashi 0

5 Baetis sp. 4 2 11 Epeorus latifolium Ueno 0

5 Uracanthella rufa (Imanishi) 2 11 Epeorus uenoi Matsumura 0

5 Rhyacophila nigrocephala Iwata 2 11 Paraleptophlebia sp. 3 0

8 Cheumatopsyche sp. 1 1 11 Torleya sp. 1 0

tv
8 Rhyacophila brevicephala Iwata 1 11 Calineuria sp. 1 0
08 Rhyacophila sp. 5 1 11 Paragnetina sp. 1 0
0'\

11 Acentrella sp. 1 0 11 Protonemura sp. 4 0

11 Ameletus costalis Matsumura 0 11 Togoperla sp. 1 0

11 Baetis sp. 7 0 11 Glossosoma sp. 2 0

11 Baetis sp. 8 0 11 Goerodes sp. 1 0

11 Baetis sp. 9 0 11 Micrasema sp. 1 0

11 Caenis sp. 1 0 11 Micrasema sp. 2 0

11 Cincticostella nigra (Ueno) 0 11 Micrasema sp. 3 0

11 Drunella basalis (Imanishi) 0 11 Neophylax sp. 3 0

11 Drunella bicomis (Gose) 0 11 Neophylax sp. 4 0

11 Drunella bifurcata (Allen) 0 11 Rhyacophila yamanakensis Iwata 0

11 Drunella cryptomeria (Imanishi) 0 11 Rhyachophila sp. 8 0

11 Drunella kohnoae (Allen) 0 11 Rhyachophila sp. 11 0
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Table4.17. Rank abundance of species (continued).
-

Rank Taxon Down. Rank Taxon Down.

1 Baetiellajaponica Imanishi 536 22 Ameletus costalis Matsumura 0

2 Baetis sp. 3 198 22 Baetis sp. 7 0

3 Hydropsyche orienialis Martynov 43 22 Baetis sp. 8 0

4 Epeorus latifolium Ueno 19 22 . Baetis sp. 9 0

5 Drunella cryptomeria (Imanishi) 5 22 Drunella basalis (Imanishi) 0

5 Rhyacophila brevicephala Iwata 5 22 Drunella bicomis (Gose) 0

7 Acentrella sp. 1 3 22 Drunella bifurcata (Allen) 0

7 Caenis sp. 1 3 22 Epeorus aesculus Imanishi 0

t-..)7 Uracanthella rufa (Imanishi) 3 22 Paraleptophlebia sp. 3 0

07 Togoperla sp. 1
,

3 22 Torleya sp. I, 0
-...l

7 Micrasema sp. 2 3 22 Calineuria sp. 1 0

12 Baetis sp. 4 2 22 Paragnetina sp. 1 0

12 Drunella trispina (Ueno) 2 22 Protonemura sp. 4 0

12 Epeorus ikanonis Takahashi 2 22 Glossosoma sp. 2 0

12 Epeorus uenoi Matsumura 2 22 Goerodes sp. 1 0

12 Cheumatopsyche sp. 1 2 22 Micrasema sp. 1 0

17 Baetis sp. 5 1 22 Micrasema sp. 3 0

17 Cincticostella nigra (Ueno) 1 22 Neophylax sp. 3 0

17 Drunella kohnoae (Allen) 1 22 Neophylax sp. 4 0

17 Epeorus curvatulus Matsumura 1 22 Rhyacophila sp. 5 0

17 Rhyacophila yamanakensis Iwata 1 22 Rhyachophila sp. 8 0

22 Rhyacophila nigrocephara Iwata 0 22 . Rhyachophila sp. 11 0
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Figure 4.68. Log N rank abundance curve in the middle of May 2002.

4.3.2.1.2 Comparison of N at Three Sites in the Middle of May 2002

Species at each site shown in Table 4.17 were divided into three orders and

compared their abundance at three sites.

4.3.2.1.2.1 Comparison ofN ofEphemeroptera

Twenty-five mayfly species were found at three sites. Abundance ofAcentrella

sp. 1 and Ameletus costalis Matsumura were little shown in Figure 4.69. Abundance of

Acentrella sp. 1 was three individuals, which were found only downsteam (Table 4.17).
Ameletus costalis Matsumura had 11 individuals, which were present only upstream

(Table 4.17). Baetiella japonica Imanishi and Baetis sp. 3 were two most abundant

upstream and downstream. Baetiella japonica Imanishi had 729 individuals upstream

and 536 individuals downstream (Table 4.17). Baetis sp. 3 had 249 individuals upstream

and 198 individuals downstream (Table 4.17). Abundance of these mayfly species

upstream was greater than that downstream (Fig. 4.69). These mayfly species also

appeared at the outlet (Table 4.17). Baetiellajaponica Imanishi had 19 individuals, and

Baetis sp. 3 had 11 individuals. Compared to abundance of these mayfly species

upstream and downstream, abundance of these mayfly species at the outlet was
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extremely low (Fig. 4.69). Abundance of Baetis sp. 4 was not shown in Figure 100, but

the mayfly species had one individual upstream, two individuals at the outlet and

downstream.

Abundance ofBaetis sp. 5 upstream was 14 individuals (Table 4.17), which were

the highest abundance among three sites (Fig. 4.69). The mayfly species had five

individuals at the outlet and one individual downstream (Table 4.17). Abundance of the

mayfly species decreased from upstream to downstream (Fig. 4.69). Baetis sp. 7, 8, and

9 appeared only upstream although 'abundance of each species was low (Fig. 4.69).
Abundance of Caenis sp. 1 was 58 individuals upstream and three individuals

downstream (Table 4.17). The mayfly species was absent at the outlet. Abundance of

the mayfly species was very high upstream and suddenly dropped downstream (Fig.

4.69). Cincticostella nigra (Ueno) had two individuals upstream and one individual

downstream. It was slightly shown in Figure 4.69.

Abundance of Drunella basalis (Imanishi) and Drunella bicornis (Gose) was too

low to show in Figure 4.69, but they were found only upstream. Only one Drunella

basalis (Imanishi) was found. Four Drunella bicornis (Gose) were collected (Table

4.17), and Drunella bifurcata (Allen) was present upstream (31 individuals, Table 4.17

and Fig. 4.69). Drunella cryptomeria (Imanishi), Drunella kohnoae (Allen), and

Drunella trispina (Ueno) were present upstream and downstream. Abundance of

Drunella cryptomeria (Imanishi) was 15 individuals upstream and five downstream

(Table 4.17). Abundance of Drunella kohnoae (Allen) was seven individuals upstream

and one individual downstream (Table 4.17). Abundance of Drunella trispina (Ueno)
was four individuals in upstream and one individual in downstream (Table 4.17). Figure
4.69 shows that abundance of these Drunella species was higher upstream than

downstream, and they were not present at the outlet.

Epeorus aesculus Imanishi appeared only upstream (four individuals, Table 4.17

and Fig. 4.69). Epeorus curvatulus Matsumura was present only downstream (one
individual, Table 4.17 and Fig. 4.69). Epeorus ikanonis Takahashi, Epeorus latifolium
Ueno, and Epeorus uenoi Matsumura were found upstream and downstream (Fig. 4.69).
Abundance of Epeorus ikanonis Takahashi was 12 individuals upstream and two

individuals downstream (Table 4.17). Epeorus ikanonis Takahashi upstream were six
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times as abundant at downstream (Fig. 4.69). Epeorus latifolium Ueno had 45

individuals upstream and 19 downstream (Table 4.17). Abundance of Epeorus

latifolium Ueno upstream was more than twice that of downstream (Fig. 4.69). Epeorus
uenoi Matsumura had 20 individuals upstream and two individuals downstream (Table.

4.17). Abundance of Epeorus uenoi Matsumura upstream was ten times that of

downstream (Fig. 4.69). This is in great contrast to the outlet.

Paraleptophlebia sp. 3 (two individuals) and Torleya sp. 1 (one individual) were

found only upstream (Table 4.17 and Fig. 4.69). Uracanthella rufa (Imanishi) appeared
in all three sites: one individual upstream, two at the outlet, and three downstream (Table

4.17).

o

4.3.2.1.2.2 Comparison ofN of Piecoptera

Four stonefly species were found at three sites; Calineuria sp. 1, Paragnetina sp ..

1, and Protonemura sp. 4 were present in only upstream (Fig. 4.70), one individual each

(Table 4.17). Togoperla sp. 1 was found only downstream (Fig. 4.70) (three individuals,

Table 4.17 and Fig. 4.70). These stonefly species were absent at the outlet (Fig. 4.70).

4.3.2.1.2.3 Comparison ofN of Tricoptera
Fifteen caddisfly species were found at three sites. Hydropsyche orientalis

Martynov was present at all three sites: 11 individuals upstream, 91 individuals at the

outlet, and 43 individuals downstream (Table 4.17). Abundance of Hydropsyche
orientalis Martynov at the outlet was almost nine times as much as upstream, and more

than twice as much as downstream (Fig. 4.71). Micrasema sp. 1 and 3 appeared only

upstream; Micrasema sp. 1 had 81 individuals, and was the most abundant caddisfly

species upstream (Table 4.17 and Fig. 4.71). Micrasema sp. 3 (16 individuals) was the

second most abundant caddisfly species upstream (Table 4.17). On the other hand,
Micrasema sp. 2 was found upstream and downstream (Fig. 4.71), (five individuals

upstream and three individuals downstream (Table 4.17».

Neophylax sp. 3 (five individuals) and 4 (one individual) were present upstream

only (Table 4.17 and Fig. 4.71). Two Rhyacophila species, Rhyacophila brevicephala
Iwata (one individual and five individuals) and Rhyacophila nigrocephala Iwata {two
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Figure 4.69. Comparison of N of Ephemeroptera found upstream, at the outlet, and
downstream in the middle of May2002. Abundance of Baetiella japonica Imanishi and
Baetis sp. 3 was extremely low at the outlet. Abundance of Baetis sp. 5 decreased
downstream in the Hienuki River, whereas abundance of Uracanthella rufa (Imanishi)
slightly increased downstream.
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Figure 4.69. Comparison ofN ofEphemeroptera. Mayflies are much more abundant
and diverse upstream and there is some recovery downstream (continued).
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Figure 4.70. Comparison of N of Plecoptera found upstream, at the outlet, and
downstream in the middle of May 2002. Calineuria sp. 1, Paragnetina sp. 1, and
Protonemura sp. 4 were found upstream whereas Togoperla sp. 1 was present only
downstream. Stonefly species was absent at the outlet.
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Figure 4.71. Comparison of N of Tricoptera found upstream, at the outlet, and
downstream in the middle of May 2002. Abundance of Hydropsyche orientalis

Martynov at the outlet was the highest at all three sites. Micrasema sp. 1 was the most

abundant upstream.
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Figure 4.71. Comparison ofN of Tricoptera (continued).
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individuals and one individual), were found at the outlet and downstream (Table 4.17

and Fig. 4.71). One individual of Rhyacophila yamanakensis Iwata was found only
downstream, and one individual of Rhyacophila sp. 5 was present only at the outlet

(Table 4.17 and Fig. 4.71). Rhyachophila sp. 8 and Rhyachophila sp. 11 appeared only

upstream (Fig. 4.71). Abundance of Rhyachophila sp. 8 was four individuals, and

abundance ofRhyachophila sp. 11 was one individual (Table 4.17).
Abundance of Cheumatopsyche sp. 1, Glossosoma sp. 2, and Goerodes sp. 1 was

too low to show in Figure 4.71. Cheumatopsyche sp. 1 was found at the outlet and

downstream, and had one individual at the outlet and two individuals downstream (Table
4.17 and Fig. 4.71). One individual of Glossosoma sp. 2 and Goerodes sp. 1 was found

upstream only (Table 4.17 and Fig. 4.71).

4.3.2.2 N from Late May to Early June 2002

4.3.2.2.1 Rank Abundance of Species
Various properties of the communities upstream, at the reservoir outlet, and

downstream can be compared in Table 4.18 and Figure 4.72. Plots of Log N rank

abundance are shown for each site in Figure 4.72. The upstream site had more species
than the other two sites, but the downstream site had more individuals than the other two

sites. Fewer species and lower populations were found at the outlet. Actual numbers

and individual species can be found in Table 4.18, where individual species were ranked

by abundance at each site.

Baetiella japonica Imanishi and Serratella sp. 1 were the most and second most

abundant species upstream. Compared to abundance of Baetiel/a japonica Imanishi,

abundance of Serratella sp. 1 sharply decreased (Table 4.18 and Fig. 4.72). Abundance

of rest of the species slowly decline (Fig. 4.72). In contrast, Hydropsyche orientalis

Martynov and Acentrella sp. 1 were the most and the second most abundant species at

the outlet (Table 4.18). Baetiellajaponica Imanishi was the third most abundant species
at the outlet. Abundance of three species above slowly decreased (Table 4.18 and Fig.

4.72). However, abundance of the fourth most abundant species, Baetis sp. 9, shapely
declined compared to abundance ofBaetiella japonica Imanishi (Fig. 4.72). After
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Table4.18. Rank abundance of species upstream (site 2), at the outlet outlet (site 3), and downstream (site 4) from late May to early
June2002. These data are shown in graphic form in Figure 4.72. Down. represents downstream.

Rank Taxon Upstream Rank Taxon Upstream

1 Baetiellajaponica Imanishi 269 23 Calineuria sp. 1 1
2 Serratella sp. 1 48 23 Paragnetina sp. 1 1 I:
3 Epeorus latifolium Ueno 43 23 Ceraclea sp. 1 1 r.

4 Baetis sp. 3 27 23 Goerodes complicatus (Kobayashi) 1
5 Caenis sp. 1 14 23 Limnocentropus insolitus Ulmer 1
6 Drunella bifurcata (Allen) 13 23 Neophylax sp. 3 1
7 Acentrella sp. 1 12 23 Plectrocnemia sp. 1 1

t-.,)
7 Baetis sp. 9 12 23 Rhyacophila yamanakensis Iwata 1
-9 Drunella cryptomeria (Imanishi) 7 32 Baetis sp. 8 00'\
9 Epeorus uenoi Matsumura 7 32 Cincticostella tshernovae (Bajkova) 0
9 Hydropsyche orientalis Martynov 7 32 Paraleptophlebia sp. 2 0
9 Micrasema sp. 3 7 32 Paraleptophlebia sp. 3 0
13 Drunella kohnoae (Allen) 5 32 Paraleptophlebia sp. 4 0

13 Micrasema sp. 1 5 32 Paraleptophlebia sp. 8 0
15 Ameletus costalis Matsumura 4 32 Uracanthella rufa (Imanishi) 0
15 Epeorus curvatulus Matsumura 4 32 Nemoura sp. 1 0
15 Brachycentrus sp. 1 4 32 Protonemura sp. 1 0
18 Baetis sp. 10 3 32 Togoperla sp. 1 0
19 Baetis sp. 7 2 32 Glossosoma sp. 1 0

19 Drunella trispina (Ueno) 2 32 Goerodes nukabiraensis (Kobayashi) 0
19 Epeorus aesculus Imanishi 2 32 Rhyacophila brevicephala Iwata 0
19 Epeorus ikanonis Takahashi 2 32 Rhyacophila nigrocephala Iwata 0
23 Ecdyonurus kibunensis Imanishi 1 32 Rhyacophila sp. 8 0

I
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Table4.18. Rank abundance of species (continued).

Rank Taxon Outlet Rank Taxon Outlet

1 Hydropsyche orientalis Martynov 68 17 Ecdyonurus kibunensis Imanishi 0

2 Acentrella sp. 1 65 17 Epeorus aesculus Imanishi 0

3 Baetiellajaponica Imanishi . 41 17 Epeorus curvatulus Matsumura 0

4 Baetis sp. 9 9 17 Epeorus ikanonis Takahashi 0

5 Uracanthella rufa (Imanishi) 8 17 Epeorus latifolium Ueno 0

6 Baetis sp. 8 6 17 Epeorus uenoi Matsumura 0

7 Rhyacophila nigrocephala Iwata 4 17 Paraleptophlebia sp. 3 0

8 Baetis sp. 3 3 17 Paraleptophlebia sp. 4 0

N
8 Brachycentrus sp. 1 3 17 Paraleptophlebia sp. 8 0
-8 Rhyacophila brevicephala Iwata 3 17 Serratella sp. 1 . 0
.....::J
11 Caenis sp. 1 2 17 Calineuria sp. 1 0

11 Nemoura sp. 1 2 17 Paragnetina sp. 1 0

13 Drunella trispina (Ueno) 1 17 Protonemura sp. 1 0

13 Paraleptophlebia sp. 2 1 17 Togoperla sp. 1 0

13 Ceraclea sp. 1 1 17 Glossosoma sp. 1 0

13 Rhyacophila sp. 8 1 17 Goerodes complicatus (Kobayashi) 0

17 Ameletus costalis Matsumura 0 17 Goerodes nukabiraensis (Kobayashi) 0

17 Baetis sp. 7 0 17 Limnocentropus insolitus Ulmer 0

17 Baetis sp. 10 0 17 Micrasema sp. 1 0

17 Cincticostella tshernovae (Bajkova) . 0 17 Micrasema sp. 3 0

17 Drunella bifurcata (Allen) 0 17 Neophylax sp. 3 0

17 Drunella cryptomeria (Imanishi) 0 17 Plectrocnemia sp. 1 0

17 Drunella kohnoae (Allen) 0 17 Rhyacophila yamanakensis Iwata 0
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Table4.18. Rank abundance of species (continued).

Rank Taxon Down. Rank Taxon Down.

1 Baetiellajaponica Imanishi 639 17 Paraleptophlebia sp. 8 1

2 Acentrella sp. 1 112 17 Protonemura sp. 1 1
3 Baetis sp. 3 102 17 Glossosoma sp. 1 1

4 Serratella sp. 1 64 17 Goerodes nukabiraensis (Kobayashi) 1

5 Epeorus latifolium Ueno 52 28 Baetis sp. 7 0

6 Hydropsyche orientalis Martynov 27 28 Baetis sp. 8 0

7 Brachycentrus sp. 1 20 28 Drunella kohnoae (Allen) 0

8 Epeorus ikanonis Takahashi 18 28 Drunella trispina (Ueno) 0

('.J9 Epeorus uenoi Matsumura 16 28 Ecdyonurus kibunensis Imanishi 0
-10 Drunella cryptomeria (Imanishi) 12 28 Epeorus aesculus Imanishi 0
00

11 Rhyacophila brevicephala Iwata 8 28 Paraleptophlebia sp. 2 0

12 Baetis sp. 10 7 28 Calineuria sp. 1 0

13 Togoperla sp. 1 4 28 Nemoura sp. 1 0

14 Caenis sp. 1 3 28 Paragnetina sp. 1 0

14 Uracanthella rufa (Imanishi) 3 28 Ceraclea sp. 1 0

16 Rhyacophila sp. 8 2 28 Goerodes complicatus (Kobayashi) 0

17 Ameletus costalis Matsumura 1 28 Limnocentropus insolitus Ulmer 0

17 Baetissp.9 1 28 Micrasema sp. 1 0

17 Cincticostella tshernovae (Bajkova) 1 28 Micrasema sp. 3 0

17 Drunella bifurcata (Allen) 1 28 Neophylax sp. 3 0

17 Epeorus curvatulus Matsumura 1 28 Plectrocnemia sp. 1 0

17 Paraleptophlebia sp. 3 1 28 Rhyacophila nigrocephala Iwata 0

17 Paraleptophlebia sp. 4 1 28 Rhyacophila yamanakensis Iwata 0



sudden decrease of abundance of Baetis sp. 9, abundance of rest of the species slowly
declined (Fig. 4.72).

Downstream, Baetiella japonica Imanishi and Acentrella sp. 1 were the most and

second most abundant species. Compared to abundance of Baetiella japonica Imanishi,
abundance of Acentrella sp. 1 suddenly declined (Table 4.18 and Fig. 4.72). After

sudden decrease of abundance of Acentrella sp. 1, abundance of rest of the species

gradually decreased (Fig. 4.72).
s upstream was the highest among three sites (Fig. 4.72). However, N

downstream was the highest among three sites (Fig. 4.72). sand N at the outlet was the

lowest among three sites (Fig. 4.72).
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Figure 4.72. Log N rank abundance curve from late May to early June 2002.

4.3.2.2.2 Comparison of N at Three Sites from Late May to Early June 2002

Species at each site shown in Table 4.18 were divided into three orders and

compared abundance of those species at three sites.

4.3.2.2.2.1 Comparison of N of Ephemeroptera

Twenty-six mayfly species were found at three sites. Acentrella sp. 1 present at

all three sites: 12 upstream, 65 at the outlet, and 112 downstream (Table 4.18).
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Abundance of Acentrella sp. 1 increased as the Hienuki River went downstream (Fig.

4.73). Baetiella japonica Imanishi was the most abundant in upstream and downstream,

and had 269 individuals upstream, 41 individuals at the outlet, 639 individuals

downstream (Table 4.18). Baetiellajaponica Imanishi downstream were approximately
2.5 times as abundant as upstream and more than 15 times as that at the outlet (Fig.

4.73). In addition, Baetiella japonica Imanishi upstream was more than six times as that

at the outlet (Fig. 4.73).
Baetis sp. 3 was found at all three sites. Baetis sp. 3 had 27 individuals

upstream, three individuals at the outlet, and 102 individuals downstream (Table 4.18).
Abundance of Baetis sp. 3 downstream was approximately four times as abundant as

upstream (Fig. 4.73). Abundance of Baetis sp. 7 was too low to show in Figure 105, but

two individuals were collected upstream (Table 4.18). Six individuals of Baetis sp. 8

were found at the outlet (Table 4.18 and Fig. 4.73). Abundance ofBaetis sp. 9 decreased

from upstream to downstream (Fig. 4.73). Abundance ofBaetis sp. 9 was 12 individuals

upstream, nine individuals at the outlet, and one individual downstream (Table 4.18).
Baetis sp. 10 was found upstream and downstream (three individuals upstream and seven

individuals downstream (Table 4.18 and Fig. 4.73».
Caenis sp. 1 was present at all three sites: 14 upstream, two at the outlet, and

three downstream (Table 4.18); Abundance of Caenis sp. 1 upstream was approximately
seven times as abundant as other sites (Fig. 4.73). Cincticostella tshernovae (Bajkova)
was found only downstream (one individual, Table 4.18 and Fig. 4.73).

Drunella bifurcata (Allen) and Drunella cryptomeria (Imanishi) were present

upstream and downstream. Abundance ofDrunella bifurcata (Allen) was 13 individuals

upstream and one individual downstream (Table 4.18). Drunella cryptomeria (Imanishi)
had seven individuals upstream and 12 individuals downstream (Table 4.18). Figure
4.73 shows that abundance of Drunella bifurcata (Allen) was higher upstream than

downstream whereas abundance of Drunella cryptomeria (Imanishi) was less upstream

than downstream. Five individuals of Drunella kohnoae (Allen) were found only

upstream (Table 4.18 and Fig. 4.73). Drunella trispina (Ueno) was found upstream and

at the outlet: two upstream and one at the outlet (Table 4.18 and Fig. 4.73).
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Ecdyonurus kibunensis Imanishi (one individual) and Epeorus aesculus Imanishi

(two individuals) were present only upstream (Table 4.18 and Fig. 4.73). Four Epeorus

species were found upstream and downstream, but abundance of each species was

different. Epeorus curvatulus Matsumura had four individuals upstream and one

individual downstream (Table 4.18). Abundance of Epeorus ikanonis Takahashi was

two individuals upstream and 18 individuals downstream (Table 4.18). Epeorus
latifolium Ueno had 43 individuals upstream and 52 individuals downstream (Table

4.18). Abundance of Epeorus uenoi Matsumura was seven individuals upstream and 16

individuals downstream (Table 4.18). With the exception of Epeorus latifolium Ueno,

abundance ofthe Epeorusspecies was higher downstream than upstream (Fig. 4.73).
Abundance of four Paraleptophlebia species was too low to show in Figure 4.73.

One Paraleptophlebia sp. 2 was present at the outlet, and one Paraleptophlebia sp. 3,4,

and 8 was found downstream (Table 4.18). Serratella sp. 1 was present upstream and

downstream: 48 upstream and 64 downstream (Table 4.18). Abundance of Serratella sp.

1 was higher downstream than upstream (Fig. 4.73). Uracanthella rufa (Imanishi) was

found at the outlet and downstream, and had eight individuals at the outlet and three

individuals downstream (Table 4.18).

4.3.2.2.2.2 Comparison of N of Plecoptera
Five stonefly species were found at three sites. Calineuria sp. 1 and Paragnetina

sp. 1 were present upstream (Fig. 4.74), one individual each (Table 4.18). Two

individuals of Nemoura sp. 1 were found only at the outlet. Protonemura sp. 1 (one

individual) and Togoperla sp. 1 (four individuals) were collected downstream (Table
4.18 and Fig. 4.74).

4.3.2.2.2.3 Comparison ofN of Tricoptera
Fifteen caddisfly species were found at three sites. Brachycentrus sp. 1 was

found at all three sites: four upstream, three at the outlet, and 20 downstream (Table

4.18). Abundance of Brachycentrus sp. 1 downstream was five times as much as

upstream and more than six times as much as at the outlet (Fig. 4.75). One individual of

Ceraclea sp. 1 was present upstream and at the outlet (Table 4.18 and Fig. 4.75).
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Figure 4.73. Comparison of N of Ephemeroptera found upstream, at the outlet, and
downstream from late May to early June 2002. Baetiella japonica Imanishi had higher
abundance downstream than upstream. Six Baetis sp. 8 was present only at the outlet.
Abundance of Baetis sp. 9 decreased downstream in the Hienuki River.
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Figure 4.73. Comparison ofN ofEphemeroptera (continued).
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downstream from late May to early June 2002.
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Figure 4.75. Comparison of N of Tricoptera found upstream, at the outlet, and
downstream from late May to early June 2002. Abundance of Brachycentrus sp. 1 was

more than five times as many as other sites. Abundance of Hydropsyche orienta/is

Martynov at the outlet was more than twice as many as downstream. In addition, it was

more than nine times as many as upstream.
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Glossosoma sp. 1 and Goerodes nukabiraensis (Kobayashi) was found downstream, one

individual each (Table 4.18 and Fig. 4.75). Goerodes complicatus (Kobayashi) had one

individual upstream (Table 4.18 and Fig. 4.75).

Hydropsyche orientalis Martynov was present at all three sites: seven upstream,
68 at the outlet, and 27 downstream (Table 4.18). Hydropsyche orientalis Martynov was

the most abundant at the outlet (Fig. 4.75). Abundance of Hydropsyche orientalis

Martynov at the outlet was more than nine times as much as upstream and more than

twice as much as downstream.

Abundance of six caddisfly species was too small to show in Figure 4.75, but

they were found only upstream. Limnocentropus insolitus Ulmer, Neophylax sp. 3,·

Plectrocnemia sp. 1, and Rhyacophila yamanakensis Iwata had one individual each.

Micrasema sp. 1 (five individuals) and Micrasema sp. 3 (seven individuals) were also

present upstream (Table 4.18).

Rhyacophila brevicephala Iwata and Rhyacophila sp. 8 were found at the outlet

and downstream. Abundance of Rhyacophila brevicephala Iwata was three individuals

at the outlet and eight individuals downstream. Rhyacophila sp. 8 had one individual at

the outlet and two individuals downstream (Table 4.18). Abundance of both species
above was higher downstream than at the outlet (Fig. 4.75). Four individuals of

Rhyacophila nigrocephala Iwata were present only at the outlet (Table 4.18 and Fig.
4.75).

4.3.2.3 N in the Middle of June 2002

4.3.2.3.1 Rank Abundance of Species
Various properties of the communities upstream, at the reservoir outlet, and

downstream can be compared in Table 4.19 and Figure 4.76. Plots of Log N rank

abundance are shown for each site in Figure 4.76. The upstream site had more species
and individuals than the other two sites, and fewer species and lower populations were

found at the outlet. Actual numbers and individual species can be found in Table 4.19,

where individual species were ranked by abundance at each site.
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Table4.19. Rank abundance of species upstream (site 2), at the outlet outlet (site 3), and downstream (site 4) in the middle ofJune

2002.These data are shown in graphic form in Figure 4.76. Down. represents downstream.
.

Baetis sp. 3
Baetiella japonica Imanishi

Serratella sp. 1

Epeorus ikanonis Takahashi .

Epeorus uenoi Matsumura

Baetis sp. 9
Drunella bifurcata (Allen)
Drunella sp. 3

Epeorus latifolium Ueno
Drunella cryptomeria (Imanishi)
Brachycentrus sp. 1
Baetis sp. 11

Hydropsyche orientalis Martynov
Epeorus curvatulus Matsumura

Acentrella sp. 1
Uracanthella chinoi (Gose)
Glossosoma sp. 2

Rhyacophila sp. 8
Caenis sp. 1

Ecdyonurus kibunensis Imanishi
Ceraclea sp. 1

Upstream Rank Taxon Upstream
--

1024 19 Rhyacophila yamanakensis Iwata 3

984 23 Drunella trispina (Ueno) 2

630 23 Paragnetina sp. 1 2

114 25 Baetis sp. 8 1

66 25 Baetis sp. 10 1

58 25 Paraleptophlebia sp. 3 1

43 25 Rhithrogena satsuki Imanishi 1

32 25 Neophylax sp. 3 1

26 25 Plectrocnemia sp. 1 1

24 25 Rhyacophila brevicephala Iwata . 1

22 25 Rhyacophila sp. 1 1

12 25 Rhyacophila sp. 11 1

11 34 Ecdyonurus yoshidae Takahashi 0

8 34 Paraleptophlebia sp. 4 0

6 34 Uracanthella rufa (Imanishi) 0

4 34 Oyamia sp. 1 0

4 34 Cheumatopsyche sp, 1 0

4 34 Glossosoma sp. 1 0

3 .34 Goerodes sp. 4 0

3 34 Micrasema sp. 3 0

3

Rank Taxon

tv
tv
-....l

1
2
3
4
5

6
7
8

9
10
11
12
13
14
15
16
16
16
19
19
19
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Table4.19. Rank abundance of species (continued).

Rank Taxon Outlet Rank Taxon Outlet

1 Hydropsyche orientalis Martynov 71 16 Epeorus curvatulus Matsumura 0

2 Baetis sp. 9 53 16 Epeorus ikanonis Takahashi 0

3 Baetis sp. 3 47 16 Epeorus latifolium Ueno 0

4 Baetiella japonica Imanishi 35 16 Epeorus uenoi Matsumura 0

5 Acentrella sp. 1 14 16 Paraleptophlebia sp. 3 0

6 Brachycentrus sp. 1 6 16 Paraleptophlebia sp. 4 0

7 Baetis sp. 11 4 16 Rhithrogena satsuki Imanishi 0

7 Rhyacophila brevicephala Iwata 4 16 Serratella sp. 1 0

N
9 Baetis sp. 10 3 16 Uracanthella chinoi (Gose) 0

N10 Uracanthella rufa (Imanishi) 2 16 Oyamia sp. 1 0
00

10 Ceraclea sp. 1 2 16 Paragnetina sp. 1 0

12 Baetis sp. 8 1 16 Glossosoma sp. 1 0

12 Ecdyonurus yoshidae Takahashi 1 16 Glossosoma sp. 2 0

12 Cheumatopsyche sp. 1 1 16 Goerodes sp. 4 0

12 Rhyacophila yamanakensis Iwata 1 16 Micrasema sp. 3 0

16 Caenis sp. 1 0 16 Neophylax sp. 3 0

16 Drunella bifurcata (Allen) 0 16 Plectrocnemia sp. 1 0

16
.

Drunella cryptomeria (Imanishi) 0 16 Rhyacophila sp. 1 0

16 Drunella trispina (Ueno) 0 16 Rhyacophila sp. 8 0

16 Drunella sp. 3 0 16 Rhyacophila sp. 11 0

16 Ecdyonurus kibunensis Imanishi 0
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Table4.19. Rank abundance of species (continued).

Rank Taxon Down. Rank Taxon Down.

1 Baetiellajaponica Imanishi 1110 19 Ecdyonurus kibunensis Imanishi 1

2 Baetis sp. 3 835 19 Epeorus curvatulus Matsumura 1

3 Serratella sp. 1 317 19 Paraleptophlebia sp; 4 1

4 Brachycentrus sp. 1 230 19 Rhithrogena satsuki Imanishi 1

5 Epeorus ikanonis Takahashi 223 19 Oyamia sp. 1 1

6 Baetis sp. 9 93 19 Cheumatopsyche sp. 1 1

7 Epeorus latifolium Ueno 65 19 Glossosoma sp. 2 1

8 Drunella cryptomeria (Imanishi) 31 19 Goerodes sp. 4 1

9 Hydropsyche orientalis Martynov 22 19 Micrasema sp. 3 1
N
N10 Epeorus uenoi Matsumura 15 19 Rhyacophila yamanakensis Iwata 1
\0

11 Acentrella sp. 1 7 19 Rhyacophila sp. 8 1 '

11 Rhyacophila brevicephala Iwata 7 33 Baetis sp. 8 0

13 Baetis sp. 11 3 33 Drunella bifurcata (Allen) 0

13 Uracanthella rufa (Imanishi) 3 33 Drunella sp. 3 0

15 Paraleptophlebia sp. 3 2 33 Ecdyonurus yoshidae Takahashi 0

15 Uracanthella chinoi (Gose) 2 33 Paragnetina sp. 1 0

15 Ceraclea sp. 1 2 33 Neophylax sp. 3 0

15 Glossosoma sp. 1 2, 33 Plectrocnemia sp. 1 0

19 Baetis sp. 10 1 33 Rhyacophila sp. 1 0

19 Caenis sp. 1 1 33 Rhyacophila sp. i 1 0

19 Drunella trispina (Ueno) 1
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Baetis sp. 3 was the most abundant species upstream (Table 4.19). Baetiella

japonica Imanishi and Serratella sp. 1 were the second and third abundant species

upstream (Table 4.19). Abundance of three species above gradually decreased, and

abundance of the fourth abundant species, Epeorus ikanonis Takahashi, sharply declined

(Fig. 4.76). Abundance of the rest of the species slowly decreased (Fig. 4.76).
In constrast, Hydropsyche orientalis Martynov was the most abundant species at

the outlet (Table 4.19). Baetis sp. 9 and Baetis sp. 3 were the second and third most

abundant species at the outlet (Table 4.19). N of all the species at the outlet gradually
decreased (Fig. 4.76). Downstream, Baetiella japonica Imanishi was still the most

abundant species, and Baetis sp. 3 and Serratella sp. 1 were the second and third

abundant species (Table 4.19). N of all the species downstream slowly declined (Fig.

4.76).
sand N upstream were the highest among three sites although sand N upstream

was close to sand N downstream (Fig. 4.76). s and N at the outlet was the lowest

among three sites (Fig. 4.76).
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Figure 4.76. Log N rank abundance curve in the middle of June 2002.
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4.3.2.3.2 Comparison ofN at Three Sites in the Middle of June 2002

Species at each site shown in Table 4.19 were divided into three orders and

compared abundance of those species among three sites.

4.3.2.3.2.1 Comparison ofN of Ephemeroptera

Twenty-four mayfly species were found at three sites. Abundance of Acentrella

sp. 1 was too low to show in Figure 4.77, but it was found at all three sites: six upstream,

14 at the outlet, and seven downstream (Table 4.19). Baetiella japonica Imanishi and

Baetis sp. 3 were also present at all three sites. Baetiella japonica Imanishi had 984

individuals upstream, 35 individuals at the outlet, and 1110 individuals downstream

(Table 4.19). Abundance ofBaetiellajaponica Imanishi downstream was approximately
30 times as much as at the outlet (Fig. 4.77). Abundance of Baetis sp. 3 was 1024

individuals upstream, 47 individuals at the outlet, and 835 individuals downstream

(Table 4.19). Baetis sp. 3 upstream was more than 20 times as abundant as at the outlet

(Fig. 4.77). Abundance of Baetis sp. 8 was too low to show in Figure 4.77, but the

species was found upstream and at the outlet, one individual each (Table 4.19).
Three Baetis species were present at all three sites. Abundance of Baetis sp. 9

was 58 individuals upstream, 53 individuals at the outlet, and 93 individuals downstream

(Table 4.19). Abundance ofBaetis sp. 10 was too low to show in Figure 108, the species
had one individual upstream and downstream, and three individuals at the outlet (Table

4.19). Abundance of Baetis sp. 11 was 12 individuals upstream, four individuals at the

outlet, and three individuals downstream (Table 4.19). Caenis sp. 1 was present

upstream and downstream (three individuals upstream and one individual downstream

(Table 4.19 and Fig. 4.77».
Drunella bifurcata (Allen) (43 individuals) and Drunella sp. 3 (32 individuals) .

were present only upstream (Table 4.19 and Fig. 4.77). Two Drunella species was

found upstream and downstream. Abundance of Drunella cryptomeria (Imanishi) was

24 individuals upstream and 31 individuals downstream (Table 4.19 and Fig. 4.77).
Drunella trispina (Ueno) had two individuals upstream and one individual downstream

(Table 4.19).
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Abundance ofEcdyonurus kibunensis Imanishi, Ecdyonurus yoshidae Takahashi,

and Epeorus curvatulus Matsumura was too low to show in Figure 4.77, but these

species were found at one or two of three sites. Abundance of Ecdyonurus kibunensis

Imanishi was three individuals upstream and one individual downstream (Table 4.19).

Ecdyonurus yoshidae Takahashi was found at the outlet (one individual, Table 4.19).

Epeorus curvatulus Matsumura had eight individuals upstream and one individual

downstream (Table 4.19).
Three Epeorus species were found in upstream and downstream. Abundance of

Epeorus ikanonis Takahashi was 114 individuals upstream and 223 individuals

downstream (Table 4.19). Epeorus ikanonis Takahashi downstream was approximately
twice as abundant as upstream (Fig. 4.77). Epeorus latifolium Ueno had 26 individuals

upstream and 65 individuals downstream (Table 4.19). Epeorus latifolium Ueno

downstream was 2.5 times as abundant as upstream (Fig. 4.77). Abundance of Epeorus
uenoi Matsumura was 66 individuals upstream and 15 individuals downstream (Table

4.19). Epeorus uenoi Matsumura upstream was more than four times as abundant as

downstream (Fig. 4.77).
Abundance of Paraleptophlebia sp. 3, Paraleptophlebia sp. 4, and Rhithrogena

satsuki Imanishi was too low to show in Figure 4.77, but these species were present at

one or two of three sites. Paraleptophlebia sp. 3 was found upstream and downstream

(one individual upstream and two individual downstream, Table 4.19)). One individual

of Paraleptophlebia sp. 4 was present downstream (Table 4.19). Rhithrogena satsuki

Imanishi was found upstream and downstream, one individual each (Table 4.19).
Serratella sp. 1 was present upstream and downstream (630 individuals upstream

and 317 individuals downstream, Table 4.19)). Abundance of Serratella sp. 1 upstream

was almost twice as much as downstream (Fig. 4.77). Abundance of Uracanthella

chino; (Gose) and Uracanthella rufa (Imanishi) was too low to show in Figure 4.77, but

these species were found two of three sites. Uracanthella chinoi (Gose) was present

upstream and downstream (four individuals upstream and two individuals downstream

(Table 4.19)). Uracanthella rufa (Imanishi) had two individuals at the outlet and three

individuals downstream (Table 4.19).
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4.3.2.3.2.2 Comparison ofN of PIecoptera

Two stonefly species were found at three sites. Oyamia sp. 1 was present only
downstream (one individual, Table 4.19 and Fig. 4.78). Two individuals ofParagnetina

sp. 1 were found upstream (Table 4.19 and Fig. 4.78). No stonefly species was found at

the outlet.

4.3.2.3.2.3 Comparison ofN of Tricoptera
Fifteen caddisfly species were found at three sites. Brachycentrus sp. 1 was

present at all three sites: 22 upstream, six at the outlet, and 230 downstream (Table

4.19). Brachycentrus sp. I downstream was more than 10 times as abundant as upstream

and approximately 40 times as abundant as at the outlet (Fig. 4.79).
Abundance of five caddisfly species was too low to show in Figure 111, but it

was found one or two of three sites. Ceraclea sp. 1 was found at all three sites: three

upstream, two at the outlet, and two downstream (Table 4.19). Cheumatopsyche sp. 1

was found at the outlet and downstream, one individual each (Table 4.19). Glossosoma

sp. 1 (two individuals) and Goerodes sp. 4 (one individual) were found downstream

(Table 4.19). Glossosoma sp. 2 was found upstream and downstream (four individuals

upstream and one individual downstream (Table 4.19».

Hydropsyche orientalis Martynov was found at all three sites: 11 upstream, 71 at

the outlet, and 22 downstream (Table 4.19 and Fig. 4.79). Hydropsyche orientalis

Martynov at the outlet was approximately seven times as abundant as upstream, and

more than three times as abundant as downstream. Abundance of three caddisfly species
was too low to show in Figure 111, but it was found either upstream or downstream.

Micrasema sp. 3 was present downstream (one individual, Table 4.19). Neophylax sp. 3

andPlectrocnemia sp. 1 was found upstream, one individual each (Table 4.19).

Rhyacophi/a brevicepha/a Iwata and Rhyacophila yamanakensis Iwata were

found at all three sites. Abundance of Rhyacophila brevicephala Iwata was one

individual upstream, four individuals at the outlet, and seven individuals downstream

(Table 4.19). Abundance of Rhyacophila brevicephala Iwata increased as the Hienuki

River went downstream (Fig. 4.79). Rhyacophila yamanakensis Iwata had three

individuals upstream, and one individual at the outlet and downstream (Table 4.19 and
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Figure 4.77. Comparison of N of Ephemeroptera found upstream, at the outlet, and
downstream in the middle ofJune 2002. Abundance of Baetiellajaponica Imanishi was

slightly higher downstream than upstream, and abundance of Baetis sp. 3 was higher
upstream than downstream. Abundance of these species was extremely low at the outlet.
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Figure 4.77. Comparison of species abundance ofEphemeroptera (continued).
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Figure 4.78. Comparison of N of Plecoptera found upstream, at the outlet, and
downstream in the middle of June 2002.
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Figure 4.79. Comparison of N of Tricoptera found upstream, at the outlet, and
downstream in the middle of June 2002. Brachycentrus sp. 1 downstream had the

highest abundance among three sites. Hydropsyche orientalis Martynov at the outlet had
the highest abundance among three sites. Abundance of Rhyacophila brevicephala
Iwata increased downstream in the Hienuki River. These species above had low
abundance upstream.
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Fig. 4.79). Rhyacophila sp. 1 and Rhyacophila sp. 11 were found upstream, one

individual each (Table 19 and Fig. 4.79). Rhyacophila sp. 8 was present upstream and

downstream (four individuals upstream and one individual downstream, (Table 4.19 and

Fig. 4.79».

4.3.2.4 N from Late June to Early July 2002

t

4.3.2.4.1 Rank Abundance of Species
Various properties of the communities upstream, at the reservoir outlet, and

downstream can be compared in Table 4.20 and Figure 4.80. Plots of Log N rank

. abundance are shown for each site in Figure 4.80. The upstream site had more species
than the other two sites, but the downstream site had more individuals than the other two

sites. Fewer species and lower populations were found at the outlet. Actual numbers

and individual species can be found in Table 4.20, where individual species were ranked

by abundance at each site.

Baetiella japonica Imanishi was the most abundant species upstream (Table

4.20). Baetis sp. 3 and Serratella sp. 1 were the second and third most abundant species

upstream (Table 4.20). N of these species above gradually decreased, and abundance of

the fourth most abundant species, Epeorus uenoi Matsumura sharply dropped (Table
4.20 and Fig. 4.80). After sudden decrease of abundance of Epeorus uenoi Matsumura,

abundance of other species slowly declined (Fig. 4.80).
In contrast, Baetis sp. 3 was the most abundant species at the outlet (Table 4.20).

Baetiella japonica Imanishi, Rhyacophila sp. 13, and Hydropsyche orientalis Martynov
were the second, third, and fourth most abundant species at the outlet (Table 4.20). N

gradually declined from the most to the tenth most abundant species, and abundance of

the eleventh most abundant species, Baetis sp. 11, suddenly declined. Abundance of

other species slowly decreased (Fig. 4.80).

Downstream, Baetiella japonica Imanishi was the most abundant species (Table

20). Serratella sp. 1 and Baetis sp. 3 were the second and third most abundant species

(Table 4.20). N downstream gradually decreased from the most to the twenty-fourth
most abundant species (Fig. 4.80).
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Table4.20. Rank abundance ofspecies upstream (site 2), at the outlet outlet (site 3), and downstream (site 4) from late June to early

July2002. These data are shown in graphic form in Figure 4.80. Down. represents downstream. 'N. Amr.' is a North American key.
-

Rank Taxon Upstream Rank Taxon Upstream

_.."1 Baetiellajaponica Imanishi 1831 24 Torleya sp. 1 2

2 Baetis sp. 3 884 24 Rhyacophila sp. 8 2

3 Serratella sp. 1 555 26 Ecdyonurus kibunensis Imanishi 1

4 Epeorus uenoi Matsumura 92 26 Ecdyonurus yoshidae Takahashi 1

5 Epeorus ikanonis Takahashi 76 .26 Amphinemura sp. 1 1

6 Rhyacophila sp. 13 66 26 Calineuria sp. 1 1

7 Epeorus latifolium Ueno 35 26 Paragnetina sp. 1 1

N
8 Baetis sp. 9 30 26 Stenopsyche marmorata Navas 1

w9 Acentrella sp. 1 29 32 . Baetissp.8 0
\0

10 Epeorus curvatulus Matsumura 26 32 Baetis sp. 12 0

11 Drunella cryptomeria (Imanishi) 19 32 Caenis sp. 1 0

12 Baetis sp. 11 17 32 Isonychia sp. 1 0

13 Brachycentrus sp. 1 14 32 Paraleptophlebia sp. 3 0

14 Hydropsyche orientalis Martynov 10 32 Paraleptophlebia sp. 7 0

15 Glossosoma sp. 2 8 32 Paraleptophlebia sp. 10 0

16 Baetis sp. 10 5 32 Uracanthella rufa (Imanishi) 0

16 Protonemura sp. 1 5 32 Goerodes sp. 4 0

16 Rhyacophila brevicephala Iwata 5 32 Plectrocnemia sp. 1 0

19 Drunella bifurcata (Allen) 4 32 Rhyacophila yamanakensis Iwata 0

19 Drunella sp. 3 4 32 Rhyacophila sp. 1 0

19 Ceraclea sp. 1 4 32 Rhyacophila sp. 12 0

19 Polycentropus cf. sp. (from N. Arnr.) 4 32 Rhyacophila sp. 14 0

23 Micrasema sp. 3 3 32 Stenopsyche sauteri Ulmer 0
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Table4.20. Rank abundance of species (continued).

Rank Taxon Outlet Rank Taxon Outlet

1 Baetis sp. 3 481 23 Drunella bifurcata (Allen) 0

2 Baetiella japonica Imanishi 151 23 Drunella cryptomeria (Imanishi) 0

3 Rhyacophila sp. 13 96 23 Drunella sp. 3 0

4 Hydropsyche orientalis Martynov 46 23 Ecdyonurus kibunensis Imanishi 0

5 Baetis sp. 9
-

31 23 Ecdyonurus yoshidae Takahashi 0

5 Brachycentrus sp. 1 31 23 Epeorus curvatulus Matsumura 0

7 Serratella sp. 1 24 23 Epeorus latifolium Ueno 0

8 Stenopsyche marmorata Navas 14 23 Epeorus uenoi Matsumura 0

IV
9 Baetis sp. 12 13 23 Paraleptophlebia sp. 7 0

�10 Acentrella sp. 1 12 23 Paraleptophlebia sp. 10 0
0

11 Baetis sp. 11 3 23 Torleya sp. 1 0

12 Uracanthella rufa (Imanishi) 2 23 Amphinemura sp. 1 0

12 Rhyacophila yamanakensis Iwata 2 23 Calineuria sp. 1 0

12 Rhyacophila sp. 1 2 23 Paragnetina sp. 1 0

12 Stenopsyche sauteri Ulmer 2 23 Protonemura sp. 1 0

16 Baetis sp. 8 1 23 Ceraclea sp. 1 0

16 Caenis sp. 1 1 23 Glossosoma sp. 2 0

16 Epeorus ikanonis Takahashi 1 23 Goerodes sp. 4 0

16 Isonychia sp. 1 I 23 Micrasema sp. 3 0

16 Paraleptophlebia sp. 3 1 23 Polycentropus cf. sp. (from N. Amr.) 0

16 Plectrocnemia sp. 1 1 23 Rhyacophila brevicephala Iwata 0

16 Rhyacophila sp. 12 1 23 Rhyacophila sp. 8 0

23 Baetis sp. 10 0 -23 Rhyacophila sp. 14 0
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Table4.20. Rank abundance of species (continued).

Down. Rank TaxonTaxon
Down.

Rank

1 Baetiellajaponica Imanishi 3358 24 Ceraclea sp. 1 1

2 Serratella sp. 1 2569 25 Baetis sp. 8 0

3 Baetis sp. 3 1676 25 Baetis sp. 9 0

4 Epeorus ikanonis Takahashi 417 25 Baetis sp. 12 0

5 Brachycentrus sp. 1 267 25 Caenis sp. 1 0

6 Rhyacophila sp. 13 213 25 .
Drunella bifurcata (Allen) 0

7 Hydropsyche orientalis Martynov 77 25 Drunella sp. 3 0

8 Drunella cryptomeria (Imanishi) 74 25 Ecdyonurus kibunensis Imanishi 0

f:-.,.)
9 Epeorus latifolium Ueno 73 25 Ecdyonurusyoshidae Takahashi 0

�10 Epeorus uenoi Matsumura 64 25 Paraleptophlebia sp. 3 0
I-"

11 Baetis sp. 11 49 25 Torleya sp. 1 0

12 Acentrella sp. 1 45 25 Amphinemura sp. 1 0

13 Rhyacophila sp. 14 40 25 Calineuria sp. 1 0

14 Rhyacophila brevicephala Iwata 26 25 Paragnetina sp. 1 0

15 Baetis sp. 10 15 25 Protonemura sp. 1 0

16 Paraleptophlebia sp. 7 10 25 Glossosoma sp. 2 0

16 Uracanthella rufa (Imanishi) 10 25 Micrasema sp. 3 0

18 Rhyacophila sp. 12 7 25 Polycentropus cf. sp. (from N. Amr.) 0

19 Epeorus curvatulus Matsumura 6 25 Rhyacophila yamanakensis Iwata 0

20 Isonychia sp. 1 5 25 Rhyacophila sp. 1 0

20 Paraleptophlebia sp. 10 5 25 Rhyacophila sp. 8 0

20 Goerodes sp. 4 5 25 Stenopsyche marmorata Navas 0

20 Plectrocnemia sp. 1 5 25 Stenopsyche sauteri Ulmer 0
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s upstream was the highest among three sites whereas N downstream was the

highest among three sites (Fig. 4.80). sand N at the outlet were the lowest among three

sites (Fig. 4.80).
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t Figure 4.80. Log N rank abundance curve from late June to early July 2002.

4.3.2.4.2 Comparison ofN at Three Sites from Late June to Early July 2002

Species at each site shown in table 4.20 were divided into three orders and

compared abundance of those species among three sites.

4.3.2.4.2.1 Comparison ofN of Ephemeroptera

Twenty-five mayfly species were found at all three sites. Abundance of

Acentrella sp. 1 was too low to show in Figure 4.81, it was present at all three sites: 29

upstream, 12 at the outlet, and 45 downstream (Table 4.20). Baetiella japonica Imanishi

and Baetis sp. 3 were found at all three sites. Abundance of Baetiella japonica Imanishi

was 1831 individuals upstream, 151 individuals at the outlet, and 3358 individuals

downstream (Table 4.20). Baetiella japonica Imanishi was approximately twice as

abundant as upstream and more than 20 times as abundant as at the outlet (Fig. 4.81).
Baetis sp. 3 had 884 individuals upstream, 481 individuals at the outlet, and 1676

individuals downstream. Abundance of Baetis sp. 3 downstream was approximately
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twice as much as that of upstream, and more than three times as much as that at the

outlet (Fig. 4.81).
Abundance of Baetis sp. 8 and Baetis sp. 9 was too low to show in Figure 4.81,

but they were present either at the outlet or upstream and at the outlet. Baetis sp. 8 was

found at the outlet (one individual, Table 4.20). Baetis sp. 9 had 30 individuals upstream

and 31 individuals at the outlet (Table 4.20). Baetis sp. 10 was present in upstream and

downstream (five individuals upstream and 15 individuals downstream (Table 4.20)).
Baetis sp. 10 downstream was three times as abundant as upstream (Fig. 4.81). Baetis

sp. 11 was found at all three sites: 17 individuals upstream, three individuals at the

outlet, and 49 individuals downstream (Table 4.20). Abundance of Baetis sp. 11

. downstream was almost three times as much as that of upstream and approximately 16

times as much as that at the outlet (Fig. 4.81). Baetis sp. 12 (13 individuals) and Caenis

sp. 1 (one individual) were found at the outlet (Table 4.20 and Fig. 4.81).
Drunella bifurcata (Allen) (four individuals) and Drunella sp. 3 (four

individuals), Ecdyonurus kibunensis Imanishi (one individual) and Ecdyonurus yoshidae
Takahashi (one individual) were present upstream only (Table 4.20 and Fig. 4.81).
Drunella cryptomeria (Imanishi) was found upstream and downstream (19 individuals

upstream and 74 individuals downstream (Table 4.20)). Drunella cryptomeria

(Imanishi) downstream was approximately four times as abundant as upstream (Fig.

4.81).
Three Epeorus species were found upstream and downstream. Abundance of

Epeorus curvatulus Matsumura was 26 individuals upstream and six individuals

downstream (Table 4.20 and Fig. 4.81). Epeorus latifolium Ueno had 35 individuals

upstream and 73 individuals downstream (Table 4.20 and Fig. 4.81). Abundance of

Epeorus uenoi Matsumura was 92 individuals. upstream and 64 individuals downstream

(Table 4.20 and Fig. 4.81). Epeorus ikanonis Takahashi was present at all three sites: 76

individuals upstream, one individual at the outlet, and 417 individuals downstream

(Table 4.20 and Fig. 4.81).
Abundance of four mayfly species was too low to show on Figure 4.81, but they

were present at one or two of three sites. Abundance of Isonychia sp. 1 was one

individual at the outlet and five individuals downstream (Table 4.20). Paraleptophlebia
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sp. 3 was found at the outlet (one individual, Table 4.20). Paraleptophlebia sp. 7 (10

individuals) and Paraleptophlebia sp. 10 (five individuals) were present downstream

(Table 4.20).
Serratella sp. 1 was found at all three sites: 555 individuals upstream, 24

individuals at the outlet, and 2569 individuals downstream (Table 4.20). Serratella sp. 1

downstream was more than four times as abundant as upstream and approximately 107
.

times as abundant as at the outlet (Fig. 4.81). Abundance of Torleya sp. 1 and

Uracanthella rufa (Imanishi) was too low to show on Figure 113, but they were found at

one or two of three sites. Torleya sp. 1 was present upstream only (two individuals,
Table 21). Uracanthella rufa (Imanishi) had two individuals at the outlet and 10

individuals downstream (Table 4.20).

4.3.2.4.2.2 Comparison ofN of Piecoptera

Four stonefly species were found at three sites. Amphinemura sp. 1 (one

individual), Calineuria sp. 1 (one individual), and Paragnetina sp. 1 (one individual),
and Protonemura sp. 1 (five individuals) were found upstream only (Table 4.20 and Fig.

4.82).

4.3.2.4.2.3 Comparison of N of Tricoptera
Seventeen caddisfly species were found at three sites. Brachycentrus sp. 1 was

present at all three sites: 14 upstream, 31 at the outlet, and 267 downstream (Table 4.20).

Brachycentrus sp. 1 downstream was nearly 20 times as abundant as upstream, and

approximately nine times as abundant as at the outlet (Fig. 4.83). Abundance of

Ceraclea sp. 1, Glossosoma sp. 2, and Goerodes sp. 4 was too low to show on Figure

4.83, but they were found upstream and/or downstream. Abundance of Ceraclea sp. 1

was four individuals upstream and one individual downstream (Table 4.20).
Glossosoma sp. 2 was found upstream only (8 individuals, Table 4.20). Goerodes sp. 4

was present only downstream (5 individuals, Table 4.20).

Hydropsyche orientalis Martynov was found at all three sites: 10 upstream, 46 at

the outlet, and 77 downstream (Table 4.20). Abundance of Hydropsyche orientalis

Martynov increased from upstream to downstream (Fig. 4.83). Micrasema sp. 3 (3
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individuals) andPo!ycentropus cf. sp. 1 (4 individuals) were found upstream only (Table
4.20 and Fig. 4.83). P/ectrocnemia sp. 1 was present at the outlet and in downstream

(one individual at the outlet and five individuals downstream (Table 4.20 and Fig. 4.83».

Rhyacophi/a brevicephala Iwata was present upstream and downstream (five
individuals upstream and 26 individuals downstream (Table 4.20». Abundance of

Rhyacophila brevicephala Iwata downstream was more than five times as much as that

of upstream (Fig. 4.83). Rhyacophila yamanakensis Iwata and Rhyacophila sp. 1 were

found at the outlet, two individual each (Table 4.20 and Fig. 4.83). Abundance of

Rhyacophila sp. 8 and Rhyacophila sp. 12 was too low to show on Figure 4.83, but they
were present at one or two of three sites. Rhyacophila sp. 8 was present upstream (two

individuals, Table 4.20). Rhyacophila sp. 12 was found at the outlet and downstream

(one individual at the outlet and seven individuals downstream (Table 4.20».

Rhyacophila sp. 13 was found at all three sites: 66 upstream, 96 at the outlet, and

213 downstream (Table 4.20). Rhyacophila sp. 13 downstream was approximately 3.5

times as abundant as upstream, and more than twice as abundant as at the .outlet (Fig.

4.83). Abundance of Rhyacophila sp. 13 increased from upstream to downstream (Fig.

4.83). Rhyacophila sp. 14 was found downstream only (40 individuals, Table 4.20 and

Fig. 4.83). Abundance of two Stenopsyche species was too low to show in Figure 115,
but they were found upstream and/or at the outlet. Stenopsyche marmorata Navas had

one individual upstream and 14 individuals at the outlet (Table 4.20). Stenopsyche
sauteri Ulmer was found only at the outlet (two individuals, Table 4.20).
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Figure 4.81. Comparison of N of Ephemeroptera found upstream, at the outlet, and
downstream from late June to early July 2002. Abundance of Baetiella japonica
Imanishi, Baetis sp. 3, Drunella cryptomeria (Imanishi), Epeorus ikanonis Takahashi,
and Serratella sp. 1 was higher downstream than up�tream.
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Figure 4.81. Comparison ofN ofEphemeroptera (continued).
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downstream.
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4.3.3 N through Sampling Periods

The purpose of this section is to determine how rank and abundance of each

species at each site changed through sampling periods, and to compare the sites

upstream, at the outlet, and downstream. Ten most abundant species were selected at

each site in each sampling period, and their rank and abundance was compared through
the four sampling periods in Tables 17-20. Possible differences caused by the dam can

be detected at the species leveL It is also possible that fluctuations in abundance and

rank are the result of life-cycle events such as emergence and hatching through the

season. Also, the rainy season began during the sampling period and spring time

conditions ended. The sampling period ended with the arrival of a typhoon which

destroyed the artificial substrates.

4.3.3.1 N of Ephemeroptera through Sampling Periods

Abundance ofAcentrella sp. 1 was the highest between late May and early June

2002 (Fig. 4.84). Three individuals ofAcentrella sp. 1 were found in the middle of May
2002 (Table 4.21). By late May and early June 2002, abundance of Acentrella sp. 1

. increased to 12 individuals upstream, 65 individuals at the outlet, and 112 individuals

downstream (Table 4.21). Abundance of the species downstream was the highest among

three sites (Fig. 4.84), and increased approximately 40 times compared to downstream

two weeks previously.
In the middle of June 2002, abundance of Acentrella sp. 1 suddenly declined

compared to abundance of the species two weeks previously (Fig. 4.84). The species
had six individuals upstream, 14 individuals at the outlet, and seven individuals

downstream (Table 4.21). Abundance of the species at the outlet was the highest among

three sites. Abundance of the species decreased to a half the abundance upstream, and

approximately one fifth of abundance at the outlet, and one sixth of abundance

downstream by late June and early July 2002.

By late June and early July 2002, abundance of Acentrella sp. 1 upstream and

downstream increased whereas that at the outlet decreased (Fig. 4.84). The species had

29 individuals upstream, 12 individuals at the outlet, and 45 individuals downstream

(Table 4.21). Acentrella sp. 1 downstream became the most abundant species among the
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sites. Abundance of the species upstream and downstream in the last sampling period
was approximately five times and more than six times as much as that of upstream and

downstream (Fig. 4.84). It appears that Acentrella sp. 1 had not hatched when the first

samples were taken in the middle of May 2002. No explanation is available for the

situation in the middle ofJune 2002.

Abundance of Baetiella japonica Imanishi increased through the sampling

periods (Fig. 4.85). In the middle of May 2002, abundance was 729 individuals

upstream, 19 individuals at the outlet, and 536 individuals downstream (Table 4.22). In

late May and early June 2002, Baetiella japonica Imanishi had 269 individuals

upstream, 41 individuals at the outlet, and 639 individuals downstream (Table 4.22).
Abundance of the species upstream decreased to less than a half of that of upstream two

weeks before. However, abundance of the species downstream slightly increased

compared to that of downstream two weeks before (Table 4.22). At this time, Baetiella

japonica Imanishi downstream exceeded that ofupstream (Fig. 4.85).
In the middle of June 2002, Baetiella japonica Imanishi had 984 individuals

upstream, 35 individuals at the outlet, and 1110 individuals downstream (Table 4.22).
Abundance of the species upstream and downstream increased compared to that of

upstream and downstream two weeks prior (Fig. 4.85). Baetiella japonica Imanishi

upstream increased approximately four times compared to upstream two weeks before.

Also, abundance of the species downstream increased nearly double compared to

downstream two weeks prior.
In late June and early July 2002, abundance of Baetiella japonica Imanishi

increased at all three sites: 1831 upstream, 151 individuals at the outlet, and 3358

downstream (Table 4.22 and Fig. 4.85). Abundance of the species upstream

approximately doubled compared to upstream two weeks before. . Abundance at the

outlet increased four times compared to the outlet two weeks before. Furthermore,

abundance downstream tripled compared to downstream two weeks before. Baetiella

japonica Imanishi started to hatch in the middle of May 2002, and the number of the

individuals increased though the sampling periods. There is no explanation for the low

number of the individuals upstream from late May to early June 2002.
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Abundance of Baetis sp. 3 increased through sampling periods (Fig. 4.86). In the

middle of May 2002, Baetis sp. 3 had 249 individuals upstream, 11 individuals at the

outlet, and 198 individuals downstream (Table 4.23). By late May and early June 2002,

abundance at all three sites decreased compared to that at all three sites two weeks prior
(Fig. 4.86). The species had 27 individuals upstream, three at the outlet, and 102

downstream (Table 4.23).
In the middle of June 2002, abundance of Baetis sp. 3 at all three sites increased

again (Fig. 4.86). Abundance was 1024 individuals upstream, 47 at the outlet, and 835

downstream (Table 4.23). Baetis sp. 3 upsteam was approximately 38 times as abundant

as upstream two weeks prior, and at the outlet it was roughly 16 times as abundant as at

.

the outlet two weeks before. In addition, numbers downstream were nearly twice that of

downstream two weeks prior.
In late June and early July 2002, abundance of Baetis sp. 3 at all three sites

increased compared to all three sites two weeks prior (Fig. 4.86). The species had 884

individuals upstream, 481 individuals at the outlet, and 1676 individuals downstream

(Table 4.23). Abundance of Baetis sp. 3 at the outlet was roughly 10 times that at the

outlet two weeks before, and Baetis sp. 3 downstream was approximately twice as

abundant as downstream in the middle of June 2002. This was the time that abundance

of Baetis sp. 3 downstream exceeded abundance of the mayfly species upstream (Fig.

4.86). Baetis sp. 3 started to hatch in the middle of May 2002, and the number increased

through sampling periods. In late May and early June 2002, fish fry that were released

downstream might cause the low number downstream. No explanation is available for

the fluctuation upstream and at the outlet in between late May and early June 2002.

Abundance ofBaetis sp. 4 and Baetis sp. 5 in the middle of May 2002 (Fig. 4.87

and 4.88) was Baetis sp. 4, one individual upstream, two individuals at the outlet, and

two individuals downstream (Table 4.24); Baetis sp. 4 absent at all three sites; Baetis sp.

5, 14 individuals upstream, five individuals at the outlet, and one individual downstream

(Table 4.25). Baetis sp. 4 and Baetis sp. 5 had not hatched in the middle of May 2002.

There is no explanation for the absence of Baetis sp. 4 and Baetis sp. 5 in the rest of the

sampling periods.
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Abundance of Baetis sp. 8 decreased through sampling periods (Fig. 4.89). In

the middle ofMay 2002, seven were present upstream (Table 4.26 and Fig. 4.89). In late

May and early June 2002, Baetis sp. 8 was absent upstream, and six individuals were

found at the outlet (Table 4.26 and Fig. 4.89). In the middle of June 2002, it was found

upstream and at the outlet, one individual each (Table 4.26 and Fig. 4.89). One

individual was at the outlet in late June and early July 2002 (Table 4.26 and Fig. 4.89).
Baetis sp. 8 upstream started to hatch in the middle of May 2002, and the species at the

outlet started to hatch in between late May and early June 2002. Number decreased

through sampling periods. No explanation is available for absence of the species
downstream.

Baetis sp. 9 was the most abundant in the middle of June 2002 (Fig. 4.90). In the

middle of May 2002, Baetis sp. 9 was present upstream, six individuals (Table 4.27). In

late May and early June 2002, the species was found at all three sites: 12 upstream, nine

at the outlet, and one downstream (Table 4.27). Baetis sp. 9 upstream increased twice as

doubled compared to two weeks before. In the middle of June 2002, abundance of

Baetis sp. 9 dramatically increased to 58 individuals upstream, 53 individuals at the

outlet, and 93 individuals downstream compared to the second sampling period (Table
4.27 and Fig. 4.90). Abundance of Baetis sp. 9 upstream and at the outlet was relatively

similar, and the species at both sites was approximately five times as abundant as

upstream and at the outlet two weeks before. In addition, abundance of Baetis sp. 9

downstream increased rapidly compared to abundance of the species two weeks prior

(Fig. 4.90). This is the time that abundance of Baetis sp. 9 downstream became the

highest among three sites.

In late June and early July 2002, Baetis sp. 9 was absent downstream (Table 4.27

and Fig. 4.90). Abundance was 30 individuals upstream and 31 at the outlet (Table

4.27). Abundance of Baetis sp. 9 at both sites decreased to roughly a half of that at both

sites in the first sampling period. Baetis sp. 9 had not hatched in the middle of May
2002, and started to hatch slowly in between late May and early June 2002. In the

middle of June 2002, abundance of the species at all three sites suddenly increased. In

late June and early July 2002, the number of the species sharply decreased. Fish fry
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released might have caused the low number downstream. No explanation is available

about the situation upstream and at the outlet in between late June and early July 2002.

Abundance of Baetis sp. 10 fluctuated through sampling periods (Fig. 4.91). It

was absent at all three sites in the middle of May 2002 (Table 4.28 and Fig. 4.91). In

late May and early June 2002, it was present upstream and downstream (three upstream

and seven downstream (Table 4.28)). In the middle of June 2002, abundance at both

sites declined compared to that at both sites two weeks prior (one individual upstream
and one individual downstream (Table 4.28 and Fig. 4.91)). In addition, the species was

found at the outlet (three individuals, Table 4.28 and Fig. 4.91).
In late June and early July 2002, abundance of Baetis sp .. 10 upstream and

downstream increased compared to that at both sites two weeks prior (five individuals

upstream and 15 individuals downstream (Table 4.28 and Fig. 4.91)). However, it

disappeared at the outlet (Fig. 4.91).
Baetis sp. 10 had not hatched in the middle of May 2002. In the middle of June

2002, fish fry released downstream might have affected abundance of the species
downstream. No explanation is available for the situation upstream in the middle of June

2002.

Baetis sp. 11 appeared from the middle of June 2002 (Fig. 4.92); in the middle of

June 2002, abundance was 12 upstream, four at the outlet, and three downstream (Table

4.29), In late June and early July 2002, there were 17 upstream, three at the outlet, and

49 downstream (Table 4.29). Abundance upstream and downstream increased compared
to both sites two weeks prior (Fig. 4.92). Abundance of Baetis sp. 11 downstream was

approximately 16 times greater than downstream in the middle ofJune 2002.

Baetis sp. 11 had not hatched in the middle of May 2002 and late May and early

June 2002. The species started to hatch at all three sites in the middle of June 2002, and

the number increased in late June and early July 2002.

Baetis sp. 12 was present only at the outlet in late June and early July 2002 (13
individuals, Table 4.30 and Fig. 4.93). In late June and early July 2002, Baetis sp. 12

might have drifted in from tributaries from mountains. No explanation is available for

the absence of the species upstream and downstream.
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Abundance of Caenis sp. 1 was the highest in the middle of May 2002 and

decreased through the sampling periods (Fig. 4.94). In the middle of May 2002, it was

present upstream and downstream (58 individuals upstream and three individuals

downstream (Table 4.31 and Fig. 4.94)). In late May and early June 2002, abundance

upstream sharply decreased compared to that of upstream two weeks prior (Fig. 4.94).
Caenis sp. 1 had 14 individuals upstream, and its abundance was approximately one

fourth of upstream two weeks prior. Caenis sp. 1 was found at the outlet (two

individuals, Table 4.31 and Fig. 4.94). Abundance of the species downstream was the

same as that of downstream two weeks prior (three individuals, Table 4.31).
In the middle of June 2002, abundance of Caenis sp. 1 upstream and downstream

declined compared to that of upstream and downstream two weeks prior (Fig. 4.94):
three individuals upstream and one individual downstream (Table 4.31). It disappeared
at the outlet. In late June and early July 2002, it was found only at the outlet (one

individual, Table 4.31 and Fig. 4.94). Abundance of Caenis sp. 1 was peak in the

middle ofMay 2002, and decreased through the sampling periods.
Drunella bifurcata (Allen) was present upstream and downstream through the

sampling periods, and abundance fluctuated (Fig. 4.95). In the middle of May 2002, it

was found upstream only (31 individuals, Table 4.32 and Fig. 4.95). In late May and

early June 2002, abundance upstream decreased to less than a half of its abundance

upstream two weeks prior (13 individuals upstream). The species was also found

downstream (one individual, Table 4.32 and Fig. 4.95).
In the middle of June 2002, D. bifurcata upstream was more than three times as

abundant as upstream two weeks prior (43 individuals upstream, Table 4.32 and Fig.

4.95). It was absent downstream. In late June and early July 2002, abundance of D.

bifurcate dramatically decreased compared to that of upstream two weeks prior (four
individuals upstream, Table 4.32 and Fig. 4.95). Abundance of the species upstream

was less than one tenth of that of upstream two weeks prior (Table 4.32 and Fig. 4.95).
Drunella bifurcata (Allen) abundance was at a

_

peak in the middle of June 2002, and

sharply declined in late June and early July 2002. No explanation is available for the

situation in between late May and early June 2002.
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Drunella cryptomeria (Imanishi) was present upstream and downstream, and its

abundance increased through sampling periods (Fig. 4.96). In the middle of May 2002,

there were 15 upstream and five downstream (Table 4.33). Abundance of D.

cryptomeria upstream was higher than downstream. In late May and early June 2002,
abundance upstream decreased, and that of downstream increased compared to that at

both sites two weeks before (Fig. 4.96). Seven individuals were found upstream and 12

downstream (Table 4.33). This was the time that abundance downstream exceeded its

abundance upstream (Fig. 4.96). In the middle of June 2002, abundance at both sites

increased compared to that at both sites two weeks before (Fig. 4.96). The species had

24 individuals upstream and 31 individuals downstream (Table 4.33). Abundance of D.

cryptomeria at both sites increased approximately three times compared to that at both

sites two weeks before.

In June and early July 2002, total number of Drunella cryptomeria (Imanishi)
increased compared to that two weeks before (Fig. 4.96). However, abundance upstream

slightly decreased as that of downstream dramatically increased (Fig. 4.96) (19 upstream

and 74 downstream, Table 4.33). Downstream was more than twice as abundant as

downstream two weeks before. Drunella cryptomeria (Imanishi) started to hatch in the

middle of May and in between late May and early June 2002, and the number of the

species increased in the rest of the sampling periods.
Drunella sp.·3 was found upstream in the middle of June and in late June and

early July 2002 (Fig. 4.97). Abundance was 32 in the middle of June 2002 and rapidly
decreased (four individuals) in late June and early July 2002 (Table 4.34 and Fig. 4.97).
Drunella sp. 3 had not hatched in the middle of May and in late May and early June

2002. Abundance was peak in the middle of June, and decreased in late June and early

July 2002.

Epeorus curvatulus Matsumura was found upstream and downstream and

abundance of the species increased through sampling periods (Fig. 4.98). In the middle

of May 2002, it was present downstream (one individual, Table 4.35). In late May and

early June 2002, it was present upstream and downstream (four upstream and one

downstream (Table 4.35 and Fig. 4.98». In the middle of June 2002, abundance
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upstream increased compared to that of upstream two weeks prior (Table 4.35 and Fig.

4.98). There were eight upstream and one downstream (Table 4.35 and Fig. 4.98).
In late June and early July 2002, abundance of E. curvatulus at both sites

increased compared to abundance at both sites two weeks prior (Fig. 4.98) (26 upstream

and six downstream, Table 4.35). Upstream it was more than three times as abundant as

upstream two weeks prior (Fig. 4.98). In addition, abundance downstream was six times

that of downstream two weeks prior (Fig. 4.98). Epeorus curvatulus Matsumura had not

hatched in the middle of May 2002,· and started to hatch slowly between late May and

early June 2002. The number increased through the sampling periods.

Epeorus ikanonis Takahashi was found at all sites, and abundance upstream and

downstream increased through sampling periods (Fig. 4.99). In the middle of May 2002,
E. ikanonis had 12 upstream and. two downstream (Table 4.36). In late May and early
June 2002, abundance upstream decreased whereas that of downstream slightly
increased compared to that at both sites two weeks before (Fig. 4.99) (two upstream and

18 downstream, Table 4.36). This was the time that abundance of the species
downstream exceeded that ofupstream.

In the middle of June 2002, abundance of E. ikanonis upstream and downstream

dramatically increased compared to that at both sites two weeks before (Fig. 4.99) (114

upstream and 223 downstream, Table 4.36). The species upstream was 57 times as

abundant as upstream two weeks before, and the species downstream was more than 10

times as abundant as downstream two weeks prior (Fig. 4.99).
In late June and early July 2002, total number of E. ikanonis increased compared

to those two weeks previously (Fig. 4.99) (76 upstream, one at the outlet, and 417

downstream, Table 4.36). Abundance upstream decreased compared to that of upstream

two weeks before. However, the species downstream was more than twice as abundant

as downstream two weeks before (Fig. 4.99). Epeorus ikanonis Takahashi started to

hatch slowly in the middle of May and in late May and early June 2002. Abundance of

the species dramatically increased in the middle of June 2002 and in late June and early

July 2002.

Epeorus latifolium Ueno was present upstream and downstream through all

sampling periods (Fig. 4.100). In the middle of May 2002, abundance was 45 upstream
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and 19 downstream (Table 4.37). In late May and early June 2002, abundance

downstream increased quickly compared to that of downstream two weeks before (Fig.
4.100). It had 43 individuals upstream and 52 downstream (Table 4.37). The species
downstream was approximately three times as abundant as downstream two weeks

before. This is the time that abundance of the species downstream exceeded that of

upstream (Table 4.37).
In the middle of June 2002, abundance of E. latifolium upstream decreased as

that of downstream slightly increased compared to that at both sites two weeks before

(Fig. 4.100) (26 upstream and 65 downstream, Table 4.37). In late June and early July
2002, abundance upstream and downstream slightly increased compared to that at both

sites two weeks before (Fig. 4.100) (35 upstream and 73 downstream, Table 4.37).
Abundance ofEpeorus latifolium Ueno gradually increased through sampling periods.

Epeorus uenoi Matsumura was found upstream and downstream through

sampling periods (Fig. 4.101). In the middle of May 2002, abundance was 20 upstream

and two downstream (Table 4.38). In late May and early June 2002, abundance

upstream decreased to seven whereas its abundance downstream increased to 16 (Table
4.38 and Fig. 4.101). In the middle of June, abundance dramatically increased whereas

that of downstream was almost the same compared to that of upstream two weeks before

(66 individuals upstream and 15 individuals downstream (Table 4.38 and Fig. 4.101».
The species upstream was more than nine times as abundant as upstream two weeks

before.

In between late June and early July 2002, Abundance of E. uenoi at both sites

increased (Fig. 4.101) (92 upstream and 64 downstream, Table 4.38). Abundance of the

species upstream was approximately 1.3 times as much as that of upstream two weeks

before. Furthermore, the species was more than four times as abundant as downstream

two weeks before (Fig. 4.101). Epeorus uenoi Matsumura started to hatch in the middle

of May and in late May and early June 2002. The number of the species increased

dramatically in the rest of the sampling periods.
Serratella sp. 1 was present at all three sites from the second sampling period,

and abundance of the species increased (Fig. 4.102). In late May and early June 2002,

abundance was 48 upstream and 64 downstream (Table 4.39). In the middle of June
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2002, abundance increased quickly compared to that at both sites two weeks before (Fig.

4.102) (630 upstream and 317 downstream, Table 4.39). Abundance of the species

upstream was approximately 13 times as much as that of upstream two weeks before.

Moreover, the species downstream was five times as abundant as downstream two weeks

previously.
In late June and early July 2002, abundance of Serratella sp. 1 upstream and

downstream dramatically increased compared to that at both sites two weeks before, and

a small number of the species appeared at the outlet (Fig. 4.102) (555 upstream, 24 at the

outlet, and 2569 downstream, Table 4.39). Abundance of Serratella sp. 1 upstream

slightly decreased compared to that of upstream two weeks before. However, the

species was approximately eight times as abundant as downstream two weeks prior.
Serratella sp. 1 had not hatched in the middle of May and in late May and early June

2002. Numbers dramatically increased in the middle of June and in late June and early

July 2002.

Uracanthella rufa (Imanishi) was found at all three sites in the middle of May

2002, and the species upstream disappeared through the rest of the sampling periods

(Fig. 4.103). In the middle ofMay 2002, abundance was one upstream, two at the outlet,
and three downstream (Table 4.40). In late May and early June 2002, abundance at the

outlet increased compared to that at the outlet two weeks before (eight individuals, Table

4.40 and Fig. 4.103). Abundance downstream was three individuals (Table 4.40 and Fig.

4.103). The species upstream disappeared in this sampling period.
In the middle ofJune 2002, abundance of U. rufa at the outlet declined compared

to that at the outlet two weeks before (two individuals, Table 4.40 and Fig. 4.103). The

species downstream had three individuals (Table 4.40 and Fig. 4.103). In late June and

early July 2002, it had two at the outlet and 10 downstream (Table 4.40 and Fig. 4.103).
Uracanthella rufa (Imanishi) started to hatch in the middle of May 2002, and the number

.

gradually increased. No explanation is available for the situation upstream in the last

three sampling periods.
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4.3.3.2 N of Plecoptera through Sampling Periods

Abundance of one stonefly species will be compared through sampling periods.
Togoperla sp. 1 was found downstream for the first two sampling periods (Fig. 4.104).
In the middle of May, three individuals were found (Table 4.41 and Fig. 4.104). In late

May and early June 2002, four were present (Table 4.41 and Fig. 4.104). The species
was absent in the rest of the sampling periods. Togoperla sp. 1 started to hatch in the

middle of May and in late May and early June 2002. Fish fry released downstream in

May 2002 might be related to disappearance of the species downstream.

t

4.3.3.3 N of Tricoptera through Sampling Periods
.

Abundance of 10 caddisfly species will be compared through sampling periods.

Brachycentrus sp. 1 appeared from the second sampling period; and abundance

increased through the sampling periods (Fig. 4.105). In late May and early June 2002,
.

abundance was four upstream, three at the outlet, and 20 downstream (Table 4.42). In

the middle of June 2002, abundance at all sites increased compared to that at all sites

previously (Fig. 4.105) (22 upstream, six at the outlet, and 230 downstream) (Table

4.42). The species upstream was more than five times as abundant as upstream two

weeks before. In addition, abundance of the species at the outlet was twice that at the

outlet two weeks prior. Downstream it was approximately 11 times as abundant as

downstream two weeks previously.
In late June and early July 2002, total number increased compared to two weeks

before (Fig. 4.105) (14 upstream, 31 at the outlet, and 267 downstream) (Table 4.42).
Abundance downstream was the highest among three sites through sampling periods

(Table 4.42 and Fig. 4.105). Brachycentrus sp. 1 had not hatched in the middle of May

2002, and started to hatch in late May and early June 2002. Abundance increased

quickly in the middle of June 2002, and increased slowly in between late June and early

July 2002.

Cheumatopsyche sp. 1 was present at the outlet and downstream, and was found

in two sampling periods (Fig. 4.106). In the middle of May 2002, abundance of the

species was one individual at the outlet and two downstream (Table 4.43). In the middle

of June 2002, it was found at the outlet and downstream (one individual at each) (Table
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4.43 and Fig. 4.106). There is no explanation about the situation in the middle of May
and in the middle ofJune 2002.

Hydropsyche orienta/is Martynov was found at all three sites (Fig. 4.107). In the

middle of May, abundance was 11 individuals upstream, 91 at the outlet, and 43

downstream (Table 4.44). In late May and early June 2002, total number of the species
decreased compared to that at all three sites two weeks prior (Fig. 4.107) (seven

upstream, 68 at the outlet, and 27 downstream) (Table 4.44). In the middle of June

2002, total H. ortentalis was almost the same as those two weeks before (Fig. 4.107) (11

upstream,71 at the outlet, and 22 downstream (Table 4.44». In late June and early July
2002, abundance upstream and at the outlet declined as that of downstream increased

compared to that at three sites two weeks before (Fig. 4.107) (10 upstream, 46 at the

outlet, and 77 downstream) (Table 4.44». Abundance downstream was more than twice

as much as that of downstream two weeks before. H. orientalis was abundant through

sampling periods. Availability of food sources might be related to higher number of the

species at the outlet. No explanation is available for the low number in between late

May and early June and in the middle ofJune 2002.

Micrasema sp. 1 was present upstream only during the first two sampling periods

(Fig. 4.108). In the middle of May 2002, abundance was 81 individuals (Table 4.45 and

Fig. 4.108). In late May and early June 2002, abundance decreased to five individuals

(Table 4.45 and Fig. 4.108). Abundance was peak in the middle of May 2002, and

declined sharply in between late May and early June 2002.

Micrasema sp. 3 was found upstream and downstream through all sampling

periods (Fig. 4.109). In the middle ofMay 2002, it was found upstream (16 individuals,
Table 4.46 and Fig. 4.109). In late May and early June 2002, abundance upstream

decreased to seven (Table 4.46 and Fig. 4.109). In the middle of June 2002, the species
was absent upstream, but one individual was found downstream (Table 4.46 and Fig.

4.109). In late June and early July 2002, three were found upstream, and it was absent

downstream (Table 4.46 and Fig. 4.109). Micrasema sp. 3 was at a peak in the middle

of May 2002, and abundance of the species gradually decreased through the sampling

periods. No explanation is available about the absence of the species upstream in the

t
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middle of June 2002 as well as absence of the species downstream in the first, second,

and fourth sampling periods.

Rhyacophila brevicephala Iwata was present at all three sites, and abundance

increased through the sampling periods (Fig. 4.110). In the middle of May 2002,

abundance was one individual at the outlet arid five downstream (Table 4.47). In late

May and early June 2002, abundance at the outlet and downstream slightly increased

compared to that at both sites two weeks prior (Fig. 4.110) (three at the outlet and eight

downstream) (Table 4.47). In the middle of June 2002, it was found upstream (Fig.

4.110) (one individual); four individuals were found at the outlet, and seven individuals

were downstream (Table 4.47).
In late June and early July 2002, R brevicephala was absent at the outlet, and

abundance upstream and downstream increased compared to that at both sites two weeks

prior (Fig. 4.110). There were five upstream and 26 downstream (Table 4.47).
Abundance downstream was approximately four times that of downstream two weeks

before. Rhyacophila brevicephala Iwata at the outlet and downstream started to hatch in

the middle of May 2002, and abundance of the species gradually increased. The species

upstream might have started to hatch slowly in late June and early July 2002. There is

no idea about the absence of the species at the outlet in the last sampling period.

Rhyacophila nigrocephala Iwata was found at the outlet and downstream in the

first two sampling periods (Fig. 4.111) (middle of May 2002, two at the outlet and one

downstream (Table 4.48)). In late May and early June 2002, it was absent downstream,

and four individuals were found at the outlet (Table 4.48 and Fig. 4.111). It was absent

in the rest of the sampling periods (Table 4.48 and Fig. 4.111). R nigrocephala might
have started to hatch in the middle of May and in late May and early June 2002.

Abundance of the species at the outlet might be related to availability of food source at

the outlet. There is no explanation about the absence of the species at the outlet and

downstream in the middle ofJune and in late June and early July 2002.

Rhyacophila sp. 5 was found only at the outlet in the middle of May 2002 (one

individual, Table 4.49 and Fig. 4.112), and was not found in the rest of the sampling

periods (Table 4.49 and Fig. 4.112). Rhyacophila sp. 5 might have come from

tributaries in the mountains around Hayachine dam.
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4.3.4 Abundance of Chironomidae and Simuliidae

In this study, a large number of larvae and pupae of Chironomidae and

Simuliidae (Diptera) were collected at all three sites. Taxonomic work on these families

was not done because of time limitations. Although this study focused on three major
orders to see the effect of the Hayachine dam onaquatic insect community downstream,

abundance of members of these families could not be ignored in seeing the effect of the

dam on aquatic insect community downstream. In this section, abundance at the family
level was compared within sites through all sampling periods.

Rhyacophila sp. 13 was present at all three sites in late June and early July 2002

(Fig. 4.113). Abundance was 66 upstream, 96 at the outlet, and 213 downstream (Table

4.50). It was not found from the middle of May to the middle of June 2002 (Table 4.50

and Fig. 4.113). No explanation is available for the situation from the middle of May to

the middle of June 2002, when it was not found.

Stenopsyche marmorata Navas was found upstream and at the outlet in late June

and early July 2002 (Fig. 4.114) (one upstream and 14 at the outlet) (Table 4.51). It was

not found from the middle of May to the middle of June 2002 (Table 4.51 and Fig.

4.114). S. marmorata might start to hatch in late June and early July 2002.

4.3.4.1 Abundance of Larvae of Chironomidae .

Larvae of Chironomidae appeared at all three sites, and their abundance upstream

was the highest among three sites (Fig. 4.115). In the middle of May 2002, abundance

of chironomid larvae was 5,126 upstream, 191 at the outlet, and 2,146 downstream

(Table 4.52 and Fig. 4.115). Numbers of larvae upstream were approximately 27 times

at the outlet, and more than twice as abundant as downstream. In late May and early
June 2002, there were 10,261 upstream, 3,625 at the outlet, and 1,533 downstream

(Table 4.52 and Fig. 4.115). Numbers upstream were approximately three times that of

the outlet, and seven times as abundant as downstream.

In the middle of June 2002, abundance of the larvae was 5,418 individuals

upstream, 1,138 at the outlet, and 973 downstream (Table 4.52 and Fig. 4.115)

(approximately five times as abundant as at the outlet, and six times as abundant
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downstream). In late June and early July 2002, there were 8,198 upstream, 904 at the

outlet, and 384 downstream (Table 4.52 and Fig. 4.115). Abundance of the larvae

upstream was approximately nine times that of the outlet, and 21 times that of

downstream.

Chironomid larvae were abundant at all three sites through all sampling periods

(Fig. 4.115). In the middle of May 2002, total number of the larvae was low (Fig.

4.115). In late May and early June 2002, total number increased quickly compared to

two weeks before (Fig. 4.115). Numbers upstream were approximately twice that of

upstream two weeks prior. In addition, abundance of the larvae at the outlet was nearly
19 times as much as that at the outlet two weeks previously .

. In the middle of June 2002, total numbers of chironomid larvae decreased

compared to two weeks before (Fig. 4.115). Abundance upstream and at the outlet was

approximately a half of that upstream and at the outlet two weeks previously. In late
.

June and early July 2002, total number of the larvae slightly increased compared to two

weeks previously (Fig. 4.115). Abundance of chironomid larvae was at peak in late May
and early June 2002. Some of them were nearly mature. As a result, abundance of the

larvae might have decreased in the middle of June 2002 because of emergence. New

generations of chironomid larvae might have arisen in late June and early July 2002.

•

4.3.4.2 Abundance of Pupae of Chironomidae

Pupae of Chironomidae were also found at all three sites, and their abundance

upstream was the highest among three sites (Fig. 4.116). In the middle of May 2002,

abundance of pupae was 89 upstream, one at the outlet, and. seven downstream (Table
4.53 and Fig. 4.116). In late May and early June 2002, there were 375 pupae upstream,

28 at the outlet, and 10 downstream (Table 4.53 and Fig. 4.116) .. Abundance of the

pupae upstream was approximately 13 times as much as that at the outlet, and nearly 38

times as much as that of downstream.

In the middle of June 2002, abundance of pupae was 31 upstream, eight at the

outlet, and one downstream (Table 4.53 and Fig. 4.116). Numbers upstream were

approximately four times that of the outlet, and 31 times that of downstream. In late
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June and early July 2002, abundance of pupae was eight upstream, three at the outlet,
and one downstream (Table 4.53).

Chironomid pupae were most abundant in late May and early June 2002 (Fig.

4.116). In the middle of May 2002, abundance of the pupae was low (Fig. 4.116).

Pupae upstream were more than four times as abundant as upstream two weeks prior

(Fig. 4.116). In the middle of June 2002, total number of the pupae sharply declined

compared to two weeks before (Fig. 4.116). Abundance upstream was one twelfth of

that of upstream two weeks before. Furthermore, abundance of the pupae at the outlet

was less than one fourth of that at the outlet two weeks prior. Abundance of the pupae

downstream was one tenth of that of downstream two weeks prior.
In late June and early July 2002, total number of chironomid pupae decreased

compared to two weeks before (Fig. 4.116). Abundance upstream was less than one

fourth of that of upstream two weeks prior. In addition, abundance at the outlet was less

than one third of that at the outlet two weeks previouly. Chironomid larvae became

pupae in late may and early June 2002. Most of the pupae probably became mature as

adults within two weeks, and therefore abundance of pupae could suddenly decrease in

the middle of June and in between late June and early July 2002 because of adult

emergence.

4.3.4.3 Abundance of Larvae ofSimuliidae (Blacld1y Larvae)

Blackfly larvae were found at all three sites (Fig. 4.117). In the middle of May

2002, abundance was 224 upstream, 191 at the outlet, and 27 downstream (Table 4.54

and Fig. 4.117). Abundance of larvae upstream was similar to that of the outlet, but the

numbers upstream were more than eight times that of downstream. In late May and

early June 2002, numbers were 551 upstream, 6,609 at the outlet, and 801 downstream

(Table 4.54 and Fig. 4.117). Numbers at the outlet were approximately 12 times that of

upstream and more than eight times that of downstream.

In the middle of June 2002, abundance of blackfly larvae was 2,825 upstream,

7,238 at the outlet, and 662 downstream (Table 4.54 and Fig. 4.117). Numbers at the

outlet were nearly three times that of upstream, and approximately 11 times that of

downstream. In late June and early July 2002, there were 1,376 individuals upstream,
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287 at the outlet, and 82 downstream (Table 4.54 and Fig. 4.117). Numbers upstream

were approximately five times that of the outlet, and roughly 17 times that of

downstream.

Abundance of blackfly larvae increased from the middle of May to the middle of

June 2002, and decreased in late June and earlyJuly 2002 (Fig. 4.117). In the middle of

May 2002, total number of the larvae was very low (Fig. 4.117). In late May and early
June 2002, total number of the larvae suddenly increased compared to two weeks before

(Fig. 4.117). This is the time that their abundance at the outlet became the highest

among three sites. Abundance of the larvae upstream was approximately 2.5 times that

of upstream two weeks before. Numbers at the outlet were nearly 35 times that of the

outlet two weeks prior. In addition, numbers downstream were roughly 30 times that of

downstream two weeks previously.
In the middle of June 2002, total number of blackfly larvae increased compared

to two weeks before (Fig. 4.117). Numbers upstream were approximately five times that

of upstream two weeks prior. Abundance at the outlet and downstream was relatively
similar to that at both sites two weeks before. In late June and early July 2002, total

number of larvae decreased rapidly compared to two weeks before (Fig. 4.117).
Abundance of the larvae upstream was less than a half of that of upstream two weeks

before. Abundance of larvae at the outlet was less than one twenty-fifth of that at the

outlet two weeks prior. Abundance of larvae downstream was one eighth of that of

downstream two weeks previously.
Blackfly larvae started to hatch in the middle of May 2002, and abundance of the

larvae increased quickly until the middle ofJune 2002. Those larvae might have become

pupae within two weeks, and therefore total number of the larvae might have decreased

in late June and early July 2002 because of adult emergence.

4.3.4.4 Abundance of Pupae of Simuliidae (Blackfly Pupae)

Blackfly pupae started to appear in late May and early June 2002 (Fig. 4.118). In

late May and early June 2002, 14 pupae were found upstream (Table 4.55). In the

middle of June 2002, abundance of pupae was 1,080 individuals upstream, 70 at the

outlet, and 307 downstream (Table 4.55 and Fig. 4.118). Abundance of pupae upstream
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was the highest among three sites. Numbers upstream were more than 15 times that of

the outlet, and nearly 3.5 times that of downstream. In late June and early July 2002,
abundance of pupae was 54 upstream, 1,314 at the outlet, and 43 downstream (Table
4.55 and Fig. 4.118). Numbers at the outlet were more than 24 times that of upstream,

and more than 30 times that of downstream.

Numbers of blackfly pupae increased dramatically in June 2002, but abundance

of pupae at each site was different (Fig. 4.118). In late May and early June 2002, total

numbers of pupae was extremely low (Table 4.55 and Fig. 4.118). In the middle of June

2002, numbers of pupae increased rapidly compared to those two weeks prior, and pupae

appeared at the outlet and downstream (Fig. 4.118). Numbers upstream were

approximately 77 times that of upstream two weeks prior. In late June and early July
2002, the number of the pupae increased compared to two weeks before (Fig. 4.118).
Abundance of pupae at the outlet increased rapidly whereas numbers upstream and

downstream decreased sharply (Fig. 4.118). Numbers at the outlet were roughly 19

times that of the outlet two weeks prior. On the other hand, abundance of pupae

upstream was one twentieth of that of upstream two weeks before. Also, abundance of

pupae downstream was approximately one seventh of that of downstream two weeks

before.

Blackfly larvae had not formed pupae in the middle of May and in late May and

early June 2002, but larvae upstream became pupae first in the middle of June 2002.

Most of the larvae upstream and downstream probably became mature within two

weeks, and therefore abundance of the pupae at both sites might decrease in late June

and early July 2002 because of adult emergence. In contrast, large numbers of blackfly
larvae at the outlet became pupae in late June and early July 2002.
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Table 4.21. Abundance ofAcentrella sp. 1 upstream, at the outlet, and downstream

through four sampling periods.

•

Sampling Period Upstream Outlet Downstream

Mid-May 2002 0

Late May - early June 2002 12

Mid-June 2002 6

Late June - early July 29

o 3

65 112

14 7

12 45

Acentrella sp. 1

200
175
150

�125
z 100

75 ---

50 - Upstream
25 iiii �

0 I I

lvfid...lV:hy� Late lV:hy - early lvfid...J� � Late Jme - early
J�2002 July

Sarq1Iing Period

Figure 4.84. Acentrella sp. 1 upstream, at the outlet, and downstream through four

sampling periods.
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Table 4.22. Abundance ofBaetiellajaponica Imanishi upstream, at the outlet, and
downstream through four sampling periods.

Sampling Period Upstream Outlet Downstream

Mid-May 2002

Late May - early June 2002

Mid-June 2002

Late June - early July 2002

729

269

984

1831

19 536

41 639

35 1110

151 3358

Baetiellajaponica Immishi

6(XX)

S<XX>

4(0)

;Z; 3(XX)

2(0)

1<XX> �

r I 'I I
0 I I I

.___

+--------r""-,.._�l----I= I ::j
:Md-Mly 2002 Late M1y - :rvtid-Jure 2002

early J� 2002

SanPing Period

Late Jure

early July 2002

Figure 4.85. Baetiella japonica Imanishi upstream, at the outlet, and downstream

through four sampling periods.
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Table 4.23. Abundance ofBaetis sp. 3 upstream, at the outlet, and downstream through
four sampling periods.

Sampling Period Upstream Outlet Downstream

Mid-May 2002

Late May - early June 2002

Mid-June 2002

Late June - early July 2002

249

27

1024

884

11 198

3 102

47 835

481 1676

rvtid-lVhy nJ2 Late lVhy - Mid-June 2002

early June nJ2

SarqUng Period

l.ateJune

early July 2002

Baetis sp3

3��..��..__�������__����__�

��----------------------�------���-I
; ,

2500

���
2OCO�--------------------���--� �

1� _-------�__- _ _d r;---l!-.....
'-----'

1<XX> Upstream
� -t-__- __---------;

o1-���.-�==���--�.,�--�-A

Figure 4.86. Baetis sp. 3 upstream, at the outlet, and downstream through four sampling
periods.
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Table 4.24. Abundance ofBaetis sp. 4 upstream, at the outlet, and downstream through
four sampling periods.

Sampling Period Upstream Outlet Downstream

Mid-May 2002

Late May - early June 2002

Mid-June 2002

Late June - early July 2002

1

o

o

o

2 2

o 0

o 0

o 0

Baetis sp.4

6,.__..�����__��..__..�__�..��..

S����----------�--------------------�

4--

�z 3 0Jt1et
2-- earn

1����--------�----�--�--�--------�

O��----_'-,�----��,����"�,�--��

:Mid-:tvhy 20)2 Late :tvhy - early :Mid-Jure 20)2 Late Jure - early
JUE 20)2 July 20)2

SmqlIing Period

Figure 4.87. Baetis sp. 4 upstream, at the outlet, and downstream through four sampling
periods.
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Table 4.25. Abundance of Baetis sp. 5 upstream, at the outlet, and downstream through
four sampling periods.

Sampling Period Upstream Outlet Downstream

Mid-May 2002

Late May - early June 2002

Mid-June 2002

Late June - early July 2002

14

o

o

o

5 1

o 0

o 0

o 0

&Jetis sp5

25

20

15 - -

�
10 - -

5

0 I I I

1Mid-:Mty :;ro2 late lVhy - early Md-Jure :;ro2 late Jure - early
Jure :;ro2 July :;ro2

SmqJIing Period

Figure 4.88. Baetis sp. 5 upstream, at the outlet, and downstream through four sampling
periods.
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Table 4.26. Abundance of Baetis sp. 8 upstream, at the outlet, and downstream through
four sampling periods.

Sampling Period Upstream Outlet Downstream

Mid-May 2002

Late May - early June 2002

Mid-June 2002

Late June - early July 2002

7

o

1

o

o 0

6 0

1 0

1 0

Baetis sp.8

8
7
6
5

;Z; 4
3
2
1
o

-

-�

-r--
-�

-�

II •
--

l I, - .

I I

1vfid..l\1ty ::mz Late l\1ty - early 1vfid..Jure ::mz Late Jure - early
J� ::mz July 2002

SmqlIing Period

Figure 4.89. Baetis sp. 8 upstream, at the outlet, and downstream through four sampling
periods.

273



-- ��.------------------��------------------==�----------

......

t
Table 4.27. Abundance ofBaetis sp. 9 upstream, at the outlet, and downstream through
four sampling periods.

Sampling Period Upstream Outlet Downstream

Mid-May 2002

Late May - early June 2002

Mid-June 2002

Late June - early July 2002

6

12

58

30

o 0

9 1

53 93

31 0

Baetis sp9

��--��--�--..��--���..��..��

xo�---------------------r��--�----��

Z;
150 �l00�--------�----------_'''�----�--��

5O�----��--�--�----���-----"R...._�.. ���
�

o j.. -.ili........-I!��_��-.L��...�I-..jJ��

Mid-:Mty::r02 Late:Mty - early Mid-Jtne::r02 Late Jme - early
J� 2002 July 2002

Saoping Period

Figure 4.90. Baetis sp. 9 upstream, at the outlet, and downstream through four sampling
periods.
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Table 4.28. Abundance ofBaetis sp. 10 upstream, at the outlet, and downstream through
four sampling periods.

Sampiing Period Upstream Outlet Downstream

Mid-May 2002

Late May - early June 2002

Mid-June 2002

Late June - early July 2000

o

3

1

5

o 0

o 7

3 1

o 15

����..---.�......������--�--�

��------------------------------��'��'�.�.�

z �� -+------........,....""""'"""....--------'---� I ::4
5-w---------.t

,"--, _", ".
o��------�..--�������--du--��

Baetis sp. 10

l\.1id-lVhy 2:X>2 Late M.y - early Md-Jure 2:X>2 Late Jure - early
Jtnl 2:X>2 July 200)

SarqlIing Period

Figure 4.91. Baetis sp. 10 upstream, at the outlet, and downstream through four

sampling periods.
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Table 4.29. Abundance ofBaetis sp. 11 upstream, at the outlet, and downstream through
four sampling periods.

Sampling Period Upstream Outlet Downstream

Mid-May 2002

Late May - early June 2002

Mid-June 2002

Late June - early July 2002

o

o

12

17

o 0

o 0

4 3
3 49

Baetis sp. 11

80
70
60 ;--

�50 I.--
it: 40 ,..._,._,

30 �

I,

20 Upstream
10 I I

-

0 I I

:Md-:Miy� Late :rvhy - early Md-JUE � Late Jure - early
Jl.IE� July�

Satq1Iiog Period

Figure 4.92. Baetis sp. 11 upstream, at the outlet, and downstream through four

sampling periods.
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Table 4.30. Abundance ofBaetis sp. 12 upstream, at the outlet, and downstream through
four sampling periods.

Sampling Period Upstream Outlet Downstream

Mid-May 2002

Late May - early June 2002

Mid-June 2002

Late June - early July 2002

o

o

o

o

o 0

o 0

o 0

13 0

Boetis sp. U

14
12 f--;---

10 �

�8 f--

;Z;
6 �

4 __,' Upstream
2

0 1''''''
I I I

l\1id-l\1ly� Late l\1ly - early Md-J� � Late J� - early
J�� July�

Sanping Period

Figure 4.93. Baetis sp. 12 upstream, at the outlet, and downstream through four

sampling periods.
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Table 4.31. Abundance ofCaenis sp. 1 upstream, at the outlet, and downstream through
four sampling periods.

Sampling Period Upstream Outlet Downstream

Mid-May 2002

Late May - early June 2002

Mid-June 2002

Late June - early July 2002

58

14

3

o

o 3

2 3

o 1

1 0

Coenis sp.t

70
fIJ

50

40 ..___

z
30--

20- -

10 - -
I

l I .

0 I I

:Mid-:tvhy 2002 Late Jv.hy - early Md-J� 2002 Late J� - early
Juoe 2002 July 2002

SmqlIing Period

Figure 4.94. Caenis sp. 1 upstream, at the outlet, and downstream through four sampling
periods.
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Table 4.32. Abundance of Drunella bifurcata (Allen) upstream, at the outlet, and
downstream through four sampling periods.

Sampling Period Upstream Outlet Downstream

Mid-May 2002

Late May - early June 2002

Mid-June 2002

Late June - early July 2002

31

13

43

4

o 0

o 1

o 0

o 0

50

40

Z
30

20

10

o

.

,

-�

--
I I

1 t I
. .

Dnmella bijUrcata (Allen)

:Mid-:Miy 2002 Late:Mty - early Md-J� 2002 Late Jure - early
Jure 2002 July 2002

SanpJing Period

Figure 4.95. Drunella bifurcata (Allen) upstream, at the outlet, and downstream through
four sampling periods.
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Table 4.33. Abundance of Drunella cryptomeria (Imanishi) upstream, at the outlet, and
downstream through four sampling periods.

Sampiing Period Upstream Outlet Downstream

Mid-May 2002

Late May - early June 2002

Mid-June 2002

Late June - early July 2002

15

7

24

19

o 5

o 12

o 31

o 74

:Mid-lVhy 2002 Late lVhy - early :Mid-J� 2002 Late J� - early
Jto.': 2002 July 2002

SarqlJing Period

Dnmella ayptonrria (lmmis1I)

100 �'.'. '"
I

8) r--

�00 ;.--,

z ,

40 ---

Upstream
2D

iI I
0 I

Figure 4.96. Drunella cryptomeria (Imanishi) upstream, at the outlet, and downstream

through four sampling periods.
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Table 4.34. Abundance of Drunella sp. 3 upstream, at the outlet, and downstream

through four sampling periods.

Sampling Period Upstream Outlet Downstream

Mid-May 2002

Late May - early June 2002

Mid-June 2002

Late June - early July 2002

o

o

32

4

o 0

o 0

o 0

o 0

35�����aR���� �__�����

�------------�--------�

�--------------------��

z
20

15----------------------�
10----------------------�

5----------------------�
I I

o��----..���----��--.a��,��--�'·"��"'"

Drunella sp3

:rvJid.l\1ly 2002 Late M.y - early Md-J� 2002 Late J� - early
Juoe 2002 JUy 2002

8atqlIing Period

Figure 4.97. Drunella sp. 3 upstream, at the outlet, and downstream through four

sampling periods.
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Table 4.35. Abundance of Epeorus curvatulus Matsumura upstream, at the outlet, and
downstream through four sampling periods.

Sampling Period Upstream Outlet Downstream

Mid�May 2002

Late May � early June 2002

Mid�June 2002

Late June - early July 2002

o

4

8

26

o 1

o 1

o 1

o 6

35�__� ����������..� ��

��------------------------------�

�� ��M-�

��� -

15�------------------------------�
�

10 �. eann

5�----------�!�'�';1r-��1 1
o��==��·,--�"��__,aa--��__ad----��

F.peoms curvatuJ.us Ma1suoma

lVfid.:tvhy 2:X>2 Late l\thy - early Md-Jue 2:X>2 Late JUE � early
JUE 2:X>2 July 2:X>2

SmqJling Period

Figure 4.98. Epeorus curvatulus Matsumura upstream, at the outlet, and downstream

through four sampling periods.
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Table 4.36. Abundance of Epeorus ikanonis Takahashi upstream, at the outlet, and
downstream through four sampling periods.

Sampling Period Upstream Outlet Downstream

Mid-May 2002

Late May - early June 2002

Mid-June 2002

Late June - early July 2002

12

2

114

76

o 2

o 18

o 223

1 417

EpeolUS ikanonis Takabasu

600

500

400 �\

�• _." •• u

;Z; 300 ---

200 ,......__. Upstream
100

0 I I

Mid-lMlyam Late lMly - earJy Mid-J� am Late Jme - early
Jooe am July am

SmqlIing Period

Figure 4.99. Epeorus ikanonis Takahashi upstream, at the outlet, and downstream

through four sampling periods.
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Table 4.37. Abundance of Epeorus latifolium Ueno upstream, at the outlet, and
downstream through four sampling periods.

Sampling Period Upstream Outlet Downstream

Mid-May 2002

Late May - early June 2002

Mid-June 2002

Late June - early July 2002

45

43

26

35

o 19

o 52

o 65

o 73

N.fd..1.Vhy:r02 Late 1.Vhy - early :Mid-J�:r02 Late J� - early
J� 2002 July:r02

SmqlIing Period

Epeorus latifolium limo

120

100 �

so ,..._

�;Z; 60 �, :----

0
,

40 '"----'-

Oltlet

Upstream
20

0 I I

Figure 4.100. Epeorus latifolium Ueno upstream, at the outlet, and downstream through
four sampling periods.
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Table 4.38. Abundance of Epeorus uenoi Matsumura upstream, at the outlet, and
downstream through four sampling periods.

Sampiing Period Upstream Outlet Downstream

Mid-May 2002

Late May - early June 2002

Mid-June 2002

Late June - early July 2002

20

7

66

92

o 2

o 16

o 15

o 64

Fpeoms uenoi :Ma1summl

100
140 P--'

120 .;........__

�100 ....._...

;Z; so ,...._......,..

e 00 ,___

40 � Upstream
20

,. , ..... j

I I 1 I'

0 I

�Mly� Late Mly - early �J�� Late J� - early
Juoe 2CXJ2 July �

SmqlIing Period

Figure 4.101. Epeorus uenoi Matsumura upstream, at the outlet, and downstream

through four sampling periods.
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Table 4.39. Abundance of Serratella sp. 1 upstream, at the outlet, and downstream

through four sampling periods.

Sampling Period Upstream Outlet Downstream

Mid-May 2002

Late May - early June 2002

Mid-June 2002

Late June - eru:ly July 2002

o

48

630

555

o 0

o 64

o 317

24 2569

:Mid-M.y 2002 Late 1vhy - :Mid-Jure 2002

early JUE 2002

SmqmJg Period

LateJUE

early July 2002

Serrate/la sp 1

3���������__���__..__��..__�
" .

3(XX) _----------�------.,I -

�-----------------------�--�

��2CXX) ;-
1� -�------------------'I ....._.

100> --tr------------::;i="""""i:�--......, .-- Upstream

��---------------���..�j�.----����
O�--�------,--���,��--��,--�....�

Figure 4.102. Serratella sp. 1 upstream, at the outlet, and downstream through four

sampling periods.
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Table 4.40. Abundance of Uracanthella rufa (Imanishi) upstream, at the outlet, and
downstream through four sampling periods.

Sampling Period Upstream Outlet Downstream

Mid-May 2002

Late May - early June 2002

Mid-June 2002

Late June - early July 2002

1

o

o

o

2 3

8 3

2 3

2 10

Uracanthella nifa (Immis1I)

14
12

10

z
8

6

4- -

2- �I

0

:Mid-�� Late l\1ty - early Md-JUE � Late JUE - early
J� 2002 July �

SmqJIing Period

Figure 4.103. Uracanthella rufa (Imanishi) upstream, at the outlet, and downstream

through four sampling periods.
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Table 4.41. Abundance of Togoperla sp. 1 upstream, at the outlet, and downstream

through four sampling periods.

Sampling Period Upstream Outlet Downstream

Mid-May 2002

Late May - early June 2002

Mid-June 2002

Late June - early July 2002

o

o

o

o

o 3

o 4

o 0

o 0

Togopeda sp. 1

5

4

;Z;
3

0 2 '---'

I

1 - ---'

0

:rv:tid-� am Late � - early :rv:tid-Jure 2002 Late Jure - early
Jure 2002 July 2002

SaiqlIing Period

Figure 4.104. Togoperla sp. 1 upstream, at the outlet, and downstream through four

sampling periods.
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Table 4.42. Abundance of Brachycentrus sp. 1 upstream, at the outlet, and downstream

through four sampling periods.

Sampling Period Upstream Outlet Downstream

Mid-May 2002

Late May - early June 2002

Mid-June 2002

Late June - early July 2002

o

4

22

14

o 0

3 20

6 230

31 267

o

Brachycentms sp 1

3������--��""�--������--..�

300 � �__-'-...._..:.___:_-F''''.L..""",-.....,.,�'''1'�
��-----------------r'��'-'�'�--�

;Z;200
1��--------------------

100---------------------

�--------------"I
O�------�����-C==������

Nfd.l\1ly 2!X>2 late l\1ly - early Nfd.Jure 2!X>2 late Jure - early
Jtne 2!X>2 July 2!X>2

SmqJIing Period

Figure 4.105. Brachycentrus sp. 1 upstream, at the outlet, and downstream through fou

sampling periods.
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Table 4.43. Abundance of Cheumatopsyche sp. 1 upstream, at the outlet, and
downstream through four sampling periods.

Sampling Period Upstream Outlet Downstream

Mid-May 2002

Late May - early June 2002

Mid-June 2002

Late June - early July 2002

o

o

o

o

1 2

o 0

1 1

o 0

OIewmtopsyche sp. 1

4

L j � ••

--
.' .• 1",

; ,\
I

I I I I
I I I

3

;Z; 2

1

o

Mid-:rv.hy 2002 late :rv.hy - early Mid-Jl.lI.le 2002 late Jure - early
J� 2002 July 2002

Sanping Period

Figure 4.106. Cheumatopsyche sp. 1 upstream, at the outlet, and downstream through
four sampling periods.
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Table 4.44. Abundance of Hydropsyche orientalis Martynov upstream, at the outlet,
and downstream through four sampling periods.

Sampling Period Upstream Outlet Downstream

Mid-May 2002

Late May - early June 2002

Mid-June 2002

Late June - early July 2002

11

7

11

10

91 43

68 27

71 22

46 77

160
140 -

�

120 -

� �

�
,,"'"

100 �
z

"

so __._ -

60- ,....._..._
�

40 .---- � Upstream

C) 20
- �-
- .._,__

,

0 I

�dropsyche orientalis Martynov

:Mid-:rv:By n>2 Late:rv:By - early :Mid-June n>2 Late June - early
June n>2 July n>2

SmqlIing Period

Figure 4.107. Hydropsyche orientalis Martynov upstream, at the outlet, and downstream
through four sampling periods.
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Table 4.45. Abundance of Micrasema sp. 1 upstream, at the outlet, and downstream

through four sampling periods.

Sampling Period Upstream Outlet Downstream

Mid-May 2002

Late May - early June 2002

Mid-June 2002

Late June - early July 2002

81

5

o

o

o 0

o 0

o 0

o 0

Mcrasenu Sill

��..--���--�--..����..����--.

ro��--�--------------------�------��
70 ---

60 ..__

;z: 50---
40-�
30--
20--
10--
o

Mid-:tvhy am late :tvhy - early Md-Jue 2002 Late Juoe - early
J� 2002 July 2002

SmqJIing Period

Figure 4.108. Micrasema sp. 1 upstream, at the outlet, and downstream through four

sampling periods.
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Table 4.46. Abundance of Micrasema sp. 3 upstream, at the outlet, and downstream
through four sampling periods.

Sampling Period Upstream Outlet Downstream

Mid-May 2002

Late May - early June 2002

Mid-June 2002

Late June - early July 2002

16

7

o

3

o 0

o 0

o 1

o 0

Mcrmenn sp. 3

18
16
14 - -

12 - .......__

z 10 ,___

8 -

6- -

4- --

2- �

0 I

:tv.fid..l\1Iy:m2 Late l\1Iy - early Md-J�:m2 Late J� - early
J�:m2 July:m2

SmqlIing Period

Figure 4.109. Micrasema sp. 3 upstream, at the outlet, and downstream through four

sampling periods.
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Table 4.47. Abundance ofRhyacophila brevicephala Iwata upstream, at the outlet, and
downstream through four sampling periods.

Sampiing Period Upstream Outlet Downstream

Mid-May 2002

Late May - early June 2002

Mid-June 2002

Late June - early July

o

o

1

5

1 5

3 8

4 7

o 26

RhyacophiJa brevicephala mata

35
30

25

z 20

15

10

5 � ,
0

l\1id-lvhy 2002 Late l\1ty - early Md-Jure 2002 Late Jure - early
Jure 2002 July 2002

SmqJling Period

Figure 4.110. Rhyacophila brevicephala Iwata upstream, at the outlet, and downstream

through four sampling periods.
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Table 4.48. Abundance of Rhyacophila nigrocephala Iwata upstream, at the outlet, and
downstream through four sampling periods.

Sampling Period Upstream Outlet Downstream

Mid-May 2002

Late May - early June 2002

Mid-June 2002

Late June - early July 2002

o

o

o

o

2 1

4 0

o 0

o 0

Rhyactphilanigroceplwla Iwlta

5���----�����������--����

4�----------���----------��--��---j

z� I�=mj• Upstream
1--

o��..����....���------�--�--��

:Mid-lvhy 2!X)2 Late lvhy - early :Mid-Jure 2!X)2 Late Jure - early
Ju:E 2!X)2 July 2!X)2

SanpIing Period

Figure 4.111. Rhyacophila nigrocephala Iwata upstream, at the outlet, and downstream

through four sampling periods.
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Table 4.49. Abundance of Rhyacophila sp. 5 upstream, at the outlet, and downstream

through four sampling periods.

Sampling Period Upstream Outlet Downstream

Mid-May 2002

Late May - early June 2002

Mid-June 2002

Late June - early July 2002

o

o

o

o

1 0

o 0

o 0

o 0

1

RhyacophiJa sp 5

1

I I
I I I

4

3

� 2

o

Mid-:N.hy 2(X)2 Late :N.hy - ear1y Mid-Jure 2(X)2 Late Jure - early
Juoe 2002 July 2002

Saoping Period

Figure 4.112. Rhyacophila sp. 5 upstream, at the outlet, and downstream through four

sampling periods.
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Table 4.50. Abundance of Rhyacophila sp. 13 upstream, at the outlet, and downstream

through four sampling periods.

Sampling Period Upstream Outlet Downstream

Mid-May 2002

Late May - early June 2002

Mid-June 2002

Late June - early July 2002

o 0 0

o 0 0
o 0 0

66 96 213

400
350
300
250

Z;200
150
100
50
o

,--

-

'---

,_.__

l j-(
�

Rhyacophila sp. 13

lYfid-:Miy 2002 late:Miy - early lYfid-J� 2002 late Jure - early
J� 2002 July 2002

Smq>Jing Period

Figure 4.113. Rhyacophila sp. 13 upstream, at the outlet, and downstream through four

sampling periods.

J
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Table 4.51. Abundance of Stenopsyche marmorata Navas upstream, at the outlet, and
downstream through four sampling periods.

Sampling Period Upstream Outlet Downstream

Mid-May 2002

Late May - early June 2002

Mid-June 2002

Late June - early July 2002

o

o

o

1

o 0

o 0

o 0

14 0

Stenopsyche rmrnvmta Navas

:rvfd.1Vhy 2002 Late l\Ihy - early Md-J� 2002 Late J� - early
Jl."re 2002 July 2002

SmqlIing Period

Figure 4.114. Stenopsyche marmorata Navas upstream, at the outlet, and downstream

through four sampling periods.
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Table 4.52. Abundance of chironomid larvae upstream, at the outlet, and downstream

through four sampling periods.

Sampling Period Upstream Outlet Downstream

Mid�May 2002

Late May - early June 2002

Mid-June 2002

Late June - early July 2002

5126
10261

5418

8198

191 2146

3625 1533

1138 973

904 384

18:XX>
14(0)

1200)
1<XXX>

z sm

) 8:XX>

4(0)
2!XX>

0

OIrononid Larvae

299

l\1id-:May 2002 Late:May - early Mid-June 2002 Late June - early
June 2002 JuJy 2002

San:ping Period

Figure 4.115. Chironomid larvae upstream, at the outlet, and downstream through four

sampling periods.
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Table 4.53. Abundance of chironomid pupae upstream, at the outlet, and downstream

through four sampling periods.

Sampling Period Upstream Outlet Downstream

Mid-May 2002

Late May - early June 2002

Mid-June 2002

Late June - early July 2002

89

375

31

8

1 7

28 10

8 1

3 1

450
400
350
300

�250
200
150
100
50
o
H 1

I

iliromnidPupl

J\.1id-May 2002 late May - early Md-J1Ble 2002 late J1Ble - early
June 2002 July 2002

Sm:qlJing Period

Figure 4.116. Chironomid pupae upstream, at the outlet, and downstream through four

sampling periods.

300

_�Ifi;; ....



Table 4.54. Abundance of blackfly larvae (Simuliidae) upstream, at the outlet, and
downstream through four sampling periods.

Sampling Period Upstream Outlet Downstream

Mid-May 2002

Late May - early June 2002

Mid-June 2002

Late June - early July 2002

224

551

2825

1376

191 27

6609 801

7238 662

287 82

JZXX)

1<Xm

son

;Z; (ill)

:) 4(0)

LID>

0

Blackly Iarvae

I I
I

:Mid-rvJay 2002 late :May - early :Mid-June 2002 late June - early
June 2002 July 2002

Smqjing Period

Figure 4.117. Blackfly larvae (Simuliidae) upstream, at the outlet, and downstream

through four sampling periods.
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Table 4.55. Abundance of blackfly pupae (Simuliidae) upstream, at the outlet, and
downstream through four sampling periods.

l«O������-.������......__�__•

1400t-----------------il--r----.��;
UOOy-----�------------..__.----,
HID --------------1

;Z; tm-------------"

«O-------------------�

400�--------------
xo------------------�
o�--------�--�--�--�--L---����

-

Sampling Period Upstream Outlet Downstream

Mid-May 2002

Late May - early June 2002

Mid-June 2002

Late June - early July 2002

o

14

1080

54

o 0

o 0

70 307

1314 43

)

Blackfly Pupt

-

Md-:tvfay am late:tvfay - early Md-.hme am late.hme - early
June 2002 July 2002

SruqJIing Period

Figure 4.118. Blackfly pupae (Simuliidae) upstream, at the outlet, and downstream

through four sampling periods .
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