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Abstract

In order to assess the impacts of sabo dam (check dam) construction, species
diversity of benthic faunal communities and genetic diversity of caddisfly
Stenopsyche marmorata were investigated using microsatellite analysis along the
Oisawa River, Japan. The Oisawa River is fragmented by two slit sabo dams and
one unslit sabo dam. Over the slit dams, Shannon-Weiner diversity indices and
number of taxa ranged from 0.90 to 1.02 and 13 to 15 respectively in the
upstream region, and also from 0.98 to 1.18 and 13 to 20 respectively in the
downstream region. Through microsatellite analysis of S. marmorata, we found
two selective alleles, which show clear genetic differentiation among three
upstream sites and four downstream sites in the study area. Longitudinal change
of mean heterozigosities H, showed a decreasing pattern of genetic diversity in
the downstream site (=0.486 - 0.678), and it showed the highest diversity at the
highest upstream site, which receives no effect of the unslit dam. Differences of
community’s species compositions between sites were correlated to geographical
distances whereas genetic distances between sites were not correlated to
geographical distances, suggesting that species compositions of the communities
were determined through the process of species adaptation to the local
environment. We concluded that increments of species diversity at the inlet
reaches of the slit dam were caused by the recovery of habitats, and by the
continuousness of the stream which allows the flowing of particulate organic
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matters and sediments to the downstream area. In part of some loci, genetic
selection might occur by the different velocities caused by sabo dam
constructions, because S marmorata (filter-feeder) has the habit of constructing
nets to filter and collect fine particulate organic matter (FPOM) from water flow.
Keywords: macroinvertebrate, species diversity, genetic diversity, Stenopsyche
marmorata, microsatellite DNA, check dam, small scale analysis.

1 Introduction

The unslit sabo dam (or check dam) stores sedimentation from the upstream and
makes the river gradient lower. As a result, the dam reduces erosion, excessive
sediment accumulation at reservoir located in the downstream, and landslides.
However, it also has some negative effects because the river stream is
fragmented by an unslit sabo dam causing sedimentation level in the upstream
reach becomes fairly homogenous, while river bed in the downstream reach is
degradated. Up to today, although many concerns are on the impact of the
reservoir dams to river ecosystems (e.g. Gillenwater et al. [1], Watanabe and
Omura [2]), impacts of sabo facility have not been well studied.

Many of sabo dams are located in the mountain streams in Japan. In such high
velocity streams, many of aquatic insects do not tend to swim but attach to the
stony or rocky substrate of the river bed and construct the nest (Attachers), crawl
on various substrates (Crawlers), and burrow into gaps of the river bed
(Burrowers) (Ohgushi [3], Takemon [4]). Accordingly, the topographical change
of the river section caused by the sabo facility might trigger significant impacts
to aquatic insects living in the mountain streams. Nunokawa and Kikuchi [5]
evaluated longitudinal change of macroinvertebrate density from sabo dam to
downstream and Kitamura and Ishimatsu [6] surveyed drift; the characteristics of
aquatic insects flowing to downstream in a mountain stream with sabo facilities.

Recently, many of unslit sabo dams are reconstructed to slit sabo dams
(fig. 1). Because slit sabo dam sustains continuousness of river stream, sediment
and aquatic organisms including macroinvertebrate in upstream reach can flow to

Figure 1: Slit type sabo dam.
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downstream as similar to the natural condition. Therefore, evaluation of benthic
macroinvertebrate along river fragmented by sabo facility is important for
deriving some effect of it to river ecosystem.

For these purposes, species diversity (Shannon-Weiner diversity index and
benthic community) and genetic structure (Heterozigosity, allele frequency and
Slatkin’s genetic distance) of caddisfly Stenopsyche marmorata were
investigated in a mountain stream.

2 Method

2.1 Study area

Oisawa River is a mountain stream ranging from 450 to 700m in altitude in
Yamagata prefecture in Japan (fig. 2). Air temperature ranges from -15°C in
winter to 32°C in summer and annual rainfall is around 2,500mm in the study
area. The river is fragmented by two slit dams and one unslit dam. Some
residences are located but only close to river mouth of the Oisawa River, the rest
of the river is surrounded by a canopy throughout the study area. The Oisawa
Dai-ni dam, Dai-san dam and Dai-yon dam were completed in 1968, 1978 and
1984, respectively. Dai-ni dam and of Dai-san dam were slitted on 2004 and
2007, respectively. Study sites (observation points) were selected at inlet and
outlet reaches of the unslit sabo dam (st.2 and st.3), the slit sabo dams (st.4 and
st.5, st.6 and st.7, respectively) and the two sites which were hardly affected by
unslit (st.1) and slit dam (st.8). The site st.1 was located at approximately 300m
upstream from Dai-yon dam and st.8 was located approximately 1,000m
downstream from Dai-ni dam.
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Figure 2: Study area Oisawa river.
2.2 Selected species and survey method

Caddisfly Stenopsyche marmorata (S. marmorata) is distributed from upper to
down streams throughout Japan. In larval stage, S. marmorata constructs fixed
type nest consist of secreted silk and feeds particle organic matter by filtering
through the nest [3]. The average size of S. marmorata is around 40mm. S.
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marmorata flows to downstream in larval stage and run up to upstream by flying
in adult stage (Nishimura [7]). This process is called colonization cycle (Muller
[8]). Flight distance of adult individual is reported as approximately from 2.5 to
3.1 km [7]. Therefore, river traversing structures such as sabo dam can interrupt
such migrations.

Benthic communities were collected by quantitative sampling using a net
attached to a quadrat (30cm*30cm, mesh size is 250 pm) at eight stations from
April to July 2009. Individuals of S. marmorata were collected up to 20 in
numbers at each station except st.8 on November 2008 due to absence of habitat
at that time. Quantitative samplings were conducted in three randomly selected
places per one site where the reach is from 20 to30m. The total of them regard as
total population density N (1/m?). Then, benthic invertebrates were dipped into
99.5% ethanol and stored in an isothermal room. Invertebrates were identified
accurately as possible using a stereomicroscope (150x) according to Kawai [9],
and classified to different levels as species, genus and family. These were
combined as taxa.

The representative velocities at each site were calculated by averaging ten
measurements recorded by an electromagnetic velocity meter.

2.3 Species diversity

Species diversities of intra-population were evaluated by taxa S and Shannon-
Weiner’s diversity index H’. Generally, if numbers of species are abundant, the
species diversity index shows high value. However, species diversity can
decrease accordingly by the absence of variety of species (e.g. there are
dominant species and hence not other species) even if numbers of species are
abundant. Species diversity has two concepts; abundant and equality. Using eqn
(1) which account the effects of both concepts, Shannon-Weiner’s diversity
index H’ was calculated (Shannon [10]).

Hi= _z[%jmg[%j (1)

Diversities of inter-population were evaluated using Pianka’s similarity index
a (eqn (2)) ranging from 0 to 1 (Pianka [11]). Value 1 means two populations are
identical.

azz% )
\lzpm‘ 'ZpBi
pAi:% pBi:%Z

where N, and Np 1(/m2) are population densities at station A and B, n,; and ng;
(1/m?) are population densities of taxa i at station A and B. Then, differences
between communities 0 (= 1-a) ranging from 0 to 1 (value 0 means two
populations are identical) were evaluated.
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2.4 Microsatellite analysis

Microsatellite analysis is a method to detect DNA polymorphism amplifying
short tandem repeat (microsatellite, STR or SSR) in sequence of bases.
Generally, microsatellite has higher mutational rate compared to other DNA
region, and thus genetic variant between individuals of intraspecies can be
detected more easily. Accordingly, genetic differentiation can be evaluated with
high accuracy for the study area with small scale area.

At first, tissue within body of S. marmorata was harvested using a pair of
tweezers and dipped into 0.5m/ HMW buffer (10mM Tris-HCI, 150mM NaCl
and 10mM EDTA-NaOH (pHS8.0)) within 1.5m/ test tube. Then, the tissue was
mashed by using stirring pestle, dipped into Sp/ SDS (Sodium Dodecyl Sulfate)
with 5u/ Proteinase K solution (10mg/m/), and incubated on 55°C for 30
minutes. Afterward, Centrifugal separation (10,000G, 20°C, 10 minutes) with
phenol saturated by TE (10mM Tris-HSI (pH8.0), 10mM EDTA-NaOH (pHS.0))
and CIA (Chloroform 96%, isoamyl alcohol 4%) was carried out, finally, DNA
pellet was obtained by precipitating within ethanol. The pellet was dissolved
with 100/ TE as ‘sample DNA’ and stored on the condition -20°C.

In this study, 10 fluorescently-labeled primer pairs of S. marmorata
developed by Yaegashi et al [12] were used for PCR. The primers steno03,
steno07, steno08 and stenol0 which PCR was successfully conducted in the
primer pairs were used for analysis. Reagents of PCR are 1pu/ TaKaRa Taq TM
(Sunits /ul), 2l 10*PCR Buffer (Mg>" free), 2.4/ 25mM MgCI2, 1.6p/ ANTP
Mixture (2.5mM each), 5u/ sterilized water and 1.6u/ 10% Tween20. The set of
reagents and sample DNA were blended with 1p/ steno03 (0.25mM) and steno07
(0.25mM) for F and R, respectively, and 0.1/ steno08 (0.1mM) and 1p/ steno10
(1mM) for F and R, respectively. PCR was conducted using this mixed solution.
PCR process is cycle of 35 times of thermal denaturation (94°C, 30sec),
annealing (45°C, 30sec) and extension (72°C, 2min), by using a thermal cycler
(TaKaRa). After successful amplifying, DNA fragment sizes were analyzed by
capillary electrophoresis by using ABI PRISM®3.1.2 (Applied Biosystems).

2.5 Genetic diversity

Genetic diversity can be separated into 1) mutation of gene between intraspecies
individuals (intra-population), and 2) mutation of genetic structure between
populations (inter-population). Allele frequency and mean heterozigosity H,
(=1/nY Ny/N: where n is number of locus (=4), Ny is number of individual
detected as heterozygote and N is number of individual used for genetic analysis)
of each locus were evaluated. Existence or nonexistence of deviation from
Hardy-Weinberg Equilibrium (HWE) was tested. Slatkin’s genetic distance D
which represents genetic differentiation was calculated according to Slatkin [13].
Hardy-Weinberg Equilibrium and Slatkin’s genetic distance were calculated
using Arlequin3.1 software (Excoffier et al. [14]).
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3 Results and discussions

3.1 Species diversity

Total population density and numbers of taxa ranged from 170 to 370 and 10 to
20, respectively. Nine taxa of Ephemeropteras, three taxa of Plecopteras, ten taxa
of Trichopteras, six taxa of Coleoptera, Seven taxa of Dipteras and one taxon of
Lepidoptera were found. Baetis spp and Cinygmula sp were dominant species
from st.1 to st.5 and all stations, respectively. These 2 species occupied 36.8% of
all samples. Shannon-Weiner’s diversity indices ranged from 0.82 to 1.02.

Figure 3 shows longitudinal variations of both Shannon-Weiner’s diversity
index H* and the number of taxa S. Both parameters showed an increase in
pattern at the outlet reaches compared to at the inlet reaches. These trends were
more pronounced around Dai-ni dam, which the period of reconstructing slit
facility was earlier than Dai-san dam. Species diversity is determined by two
factors; carrying capacity depending on environmental condition and ease of
ingression from outside at the station. The reasons for the increase in species
diversities at the outlet reaches could be explained as: 1) new species could live
in habitats at outlet reaches because the natural environmental condition of the
area has recovered, 2) some species of benthic invertebrate were probably
enabled to live in the downstream of the slit dams because flowing of organic
matters (typical feed of benthic animals) and sediments due to slit have probably
created conditions similar to natural river, 3) species which were absence in the
downstream of the sabo dams could migrate from the upstream to the
downstream after the reconstructions of the dams and the effect was accumulated
as going to downstream. A decline in species diversity at st.8 can be attributed to
the riverbed compositions because the sediments of graves and stones were
hardly found in the site. As st.8 is not close to Dai-ni dam (located in lowest
downstream), the characteristic of the sediment pattern is not attributed to
existence of sabo facilities.
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Figure 3:  Longitudinal variations of both Shannon-Weiner’s diversity index

H’ and the number of taxa. he arrows show the location of sabo
dam. The numbers attached to the arrows show the name of sabo
dam. n: Dai-ni dam (slit type), s: Dai-san dam (slit type), y: Dai-
yon dam (unslit type).
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3.2 Genetic diversity

Table 1 shows number of sample individual N, number of allele A, mean
heterozigosity H, and results of HWE test. Number of allele observed in 4 loci
ranges from 4 to 10. Mean heterozigosity ranges from 0.486 to 0.678. According
to the result of Watanabe and Omura [2], mean heterozigosity of S. marmorata at
24 sites in east Japan calculated by RAPD (Random Amplified Polymorphic

Table 1: Number of sample individual N which can be used to analyze,
number of allele A, mean heterozigosity H, and results of HWE test
(*: P<0.05, **: P<0.01, ns: not significant (P=0.05)).
Primer
Average
steno03 = steno07 = steno08 = stenolO

st1 N 20 12 17 20 17.3
A 6 6 7 4 5.8
H, 0.800 0.417 0.647 0.850 0.678
HWE ns o ns ns

st2 N 19 12 16 16 15.8
A 6 8 5 5 6
H, 0.842 0.417 0.500 0.563 0.580
HWE ns o * ns

st3 N 19 16 19 16 17.5
A 5 5 6 6 5.5
H, 0.737 0.625 0.632 0.688 0.671
HWE ns ns * ns

st4 N 17 12 13 17 14.8
A 5 6 5 6 5.5
H, 0.647 0.500 0.385 0.765 0.574
HWE ns wox ns ns

st5 N 15 7 12 12 11.5
A 5 4 5 6 5
H, 0.800 0.143 0.417 0.583 0.486
HWE ns woE * ns

st.6 16 13 18 18 16.3
A 6 7 8 5 6.5
H, 0.688 0.538 0.444 0.778 0.612
HWE ns * ns ns

st7 N 16 11 16 15 14.5
A 6 10 6 6 7
H, 0.500 0.727 0.500 0.533 0.565
HWE ns ns *x *
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DNA) method ranged from 0.081 to 0.371. Therefore, genetic diversity
calculated by the microsatellite method shows higher value compared with other
method. The mean heterozigosity of soybean genetic source in microsatellite
(=0.56-0.68) is higher than that in RAPD (=0.31) (Powell et al. [15]). There were
no significant difference among mean heterozigosity of each station (t-test,
P>0.05). However, while the values are not significantly different, they decrease
from st.4 to st.7 (H,=0.486-0.612) compared with st.1 (H,=0.678) which has no
effect from sabo dam (fig. 4).
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Figure 4: Longitudinal variation of heterozigosity H,. The bars indicate

standard error of mean. The arrows are same as Figure 3.
3.3 Genetic differentiation

The magnitudes of genetic distance D which represents genetic difference
between populations of 7 sites (st.1-st.7) range from 0 to 0.056 (Table 2).
Therefore, genetic differentiation along the corridor is regarded as small. Figure
5 shows 3 correlations (a) difference between communities 6 and geographical
distance, (b) genetic distance D and geographical distance and (c) genetic
distance D and difference between communities 0. These estimations can be used
(1) to compare the impacts of sabo dam on genetic or species level of
macroinvertebrates, (2) to derive cause of the impacts, whether interruption of

Table 2: Slatkin’s genetic distance D.

st.1 st.2 st.3 st.4 st.5 st.6 st.7
st.1 -
st.2  0.0000 -
st.3  0.0000 0.0096 -
st.4  0.0000 0.0000 0.0000 -
st.5 0.0077 0.0196 0.0191 0.0118 -
st.6 0.0000 0.0000 0.0000 0.0000 0.0558 -
st.7 0.0215 0.0323 0.0000 0.0104 0.0434 0.0000 -
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Figure 5: Correlations
geographical distance (R?=0.51), (b) genetic distance D and
geographical distance (R?=0.02) and (c) genetic distance D and
difference between communities 0 (R*=0.01).
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migrant or environmental alteration and (3) to evaluate how the effect spread
longitudinally along the corridor. Sei et al. [16] found a correlation between
genetic identity of benthic species Gamarus spp. and invertebrate community
similarity. Moreover, they showed the species and genetic distance decreases as
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the geographical distance between communities separates. On the other hand,
this study found a correlation of differences between communities 6 and
geographical distances (R?=0.51). However, no significant correlations were
found between genetic distances D and geographical distances (R’=0.02), and
genetic distances D and differences between communities 6 (R*=0.01). It means
as the geographical distance between communities separates, the
intercommunion increases in species level, but not in genetic level. Therefore, it
can be interpreted the relationship between communities 6 and geographical
distances is a result of community composition mutation attributed to adaptation
to each environment (shown in Nukazawa et al. [17]). Following these findings,
it can be concluded that 1) genetic structure of whole populations could be
homogenized because the study corridor covers small area within 2.30km (st.1-
7), and 2) due to the small size of the sabo dams, they do not significantly
contribute to gene flow of population. Moreover, according to the HWE tests,
there was no significant difference (P=0.05) in 3 loci except steno07 which has
not sample higher number of individual. For these reasons, the sabo dams have
no significant effect on gene flow of population in the study area.

Table 3: Allele frequency in steno10.

DNA fragment length  st.1 st2 st3 st4 st5 st.6 st7

104 0.00 0.00 0.00 0.00 0.00 0.00 0.07
108 032 031 013 023 0.04 0.19 023
110 0.00 0.00 0.00 0.00 0.04 0.00 0.03
112 0.00 0.06 0.06 0.00 0.00 0.00 0.00
114 030 041 031 0.12 0.67 044 0.17
116 0.18 003 028 0.18 0.13 0.17 0.27
118 020 0.19 0.19 0.03 0.04 0.03 0.00
120 0.00 0.00 003 041 0.08 0.17 0.23
122 0.00 0.00 0.00 0.03 0.00 0.00 0.00

Table 3 shows allele frequencies in stenolO from st.l to st.7. Allele
frequencies of DNA fragment length 118bp (base pair) range from 0.19 to 0.20
in upstream sites (st.1-3) and from 0.03 to 0.04 in downstream sites (st.4-7).
Moreover, allele frequencies of 120bp range from 0.00 to 0.03 in the upstream
sites and from 0.08 to 0.41 in the downstream sites. These results indicate that
genetic differentiation can be detected in the part of a locus between the
upstream sites and downstream sites. Larva of S. marmorata constructs fixed
type nest to feed particle organic matter from stream flow. Representative flow
velocities of the upstream sites where 2 slit dams are located ranged from 0.84 to
0.98 m/sec. On the other hand, representative flow velocities of the downstream
sites showed significantly lower values (=0.51-0.71 m/sec, P<0.01, t-test)
compared with the upstream sites. These differences can be attributed to the
shelving corridor caused by the construction of Dai-yon dam (unslit type).
Therefore, genetic selections could occur in the part of a locus, and then it might
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lead populations to actualize the genetic differentiation because of the difference
between the representative flow velocities.

4 Conclusions

Benthic communities and genetic diversity of S. marmorata were investigated to
evaluate the impact of slit and unslit sabo dam in Oisawa River. Conclusions of
the study are shown as follow.

(1) Shannon-Weiner’s diversity index H’ and the number of taxa shows
increasing pattern at the outlet reaches compare to the inlet reaches. Reasons for
increase in species diversities could be explained as; 1) new species could live in
habitats at outlet reaches because the natural environmental condition of the area
has recovered, 2) some species of benthic invertebrate might be enabled to live in
the downstream of the slit dams because flowing organic matters (typical feed of
benthic animals) and sediments due to slit may have created conditions similar to
natural river, 3) species which were absence in downstream of sabo dam could
migrate from upstream to the downstream after the reconstructions of the dam
and the effect was accumulated as going to downstream.

(2) As the geographical distance between communities separates, the
intercommunion increases in species level, but not in genetic level. High
correlation of difference between communities and geographical distances
(R?=0.51) can be attributed to adaptation of invertebrates to each environment.
As a conclusion, the sabo dams have no significant effect on gene flow of
population in the study area.

(3) Two selective alleles which show clear genetic differentiation among
three upstream sites (DNA fragment length 118bp) and four downstream sites
(120bp) were found in a locus steno10. Therefore, genetic selections could occur
in the part of a locus, and then it might lead populations to actualize the genetic
differentiation because of the significant difference (t-test, P<0.05) of the
representative flow velocities between the upstream and the downstream sites.
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