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Annual variability of biomonitoring metrics: a 10-year case study of

benthic macroinvertebrates in a Japanese mountain stream

*Rodnie William P.; 8H—= (KRFFIILKF - BERFER)

1. Introduction

Biological monitoring can be defined as the
systematic use of biological responses to
evaluate changes in the environment with the
intent to use this information in a quality
control program (Matthew et al., 1982). The
usage of living organisms in evaluating the
freshwater ecosystems have various benefits
over traditional chemical and microbial water
quality analyses because they live almost
continuously in the water and react to all
environmental  stressors including the
synergistic combinations of pollutants.

Benthic macroinvertebrates are the
most popular and generally used organisms in
freshwater biomonitoring because they
comprise of a diverse assemblage of long-lived
and sedentary species which respond strongly
and constantly to anthropological effects on
the freshwater ecosystems. Metrics which
summarize the characteristics of aquatic
invertebrate communities are commonly used
to assess the condition of freshwater
environment.

In the application of biomonitoring,
the natural variability of metrics, or the
variability without anthropogenic impact is
assumed to be less than that caused by
disturbance or restoration project (Mazor et
al., 2009). However, the long-term annual
variability of commonly used metrics under
natural conditions has not been well studied in
stream ecosystems (Jackson and Fireder,
2006; Mazor et al., 2009). Biomonitoring
programs are unable to attribute
improvements or deteriorations in ecological
conditions to human interventions without
sufficient understanding of annual variability
under natural conditions.

Consequently, the overall objective of
this present study was to better understand
long-term annual variability of biomonitoring

metrics under near natural conditions in a
mountain stream. The proximate objectives
were: 1) to describe the trends of long-term
changes of metrics under near natural
conditions; 2) to assess the annual variability
of every metric over ten years.

2. Methods

Benthic macroinvertebrates were collected by
using Surber Sampler every spring from 1991
to 2000 at Takami Stream in Nara Prefecture
(Figure 1). Six replicates from 3 sampling
points (each with upper and lower substrate
layers) in riffle areas were inspected for each
year. All benthic macroinvertebrates were
identified to the lowest taxon as possible and
enumerated. Metrics:  taxon richness;
Ephemeroptera, Plecoptera and Trichoptera
(EPT) index; biological monitoring working
party (BMWP) score; and average score per
taxon (ASPT) were then calculated.

Nara
Prefecture

Yoshino

River Takami Stream

Sampling

site \

Aridoshi e

2 km

Figure 1 Sampling site at Takami Stream.

In order to describe the trends of
long-term changes of metrics, the following
methods were carried out: a) graphical
analysis of metrics (metrics were plotted
against years to assess trends); b) One-way
ANOVA (to test significant annual difference of
each metric); c) correlation tests where the
relationships between metrics and climatic
variables such as precipitation, temperature
and El Nifio-Southern Oscillation were tested.
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As for the evaluation of annual variability
of every metric over 10 years, the coefficients
of variation (CVs) for each metric across years
were also calculated.

3. Results and Discussion

A total of 30,602 individuals and 111 taxa of
benthic macroinvertebrates from 60 samples
collected at fast riffle areas were identified in
this 10-year study. The data collected were
then used to calculate the biomonitoring
metrics.

Taxon richness and EPT index (Figure 2)
demonstrated an increasing trend from 1991
to 2000, but the value of both metrics
decreased slightly in 1995 and 1998. The
BMWP score also showed an increasing trend
from 1991 but it dropped in 1995 which later
gradually increased again after 1995 (Figure 3).
On the other hand, ASPT exhibited a rather
stable trend over the 10 years but slightly
dropped in 1998 (Figure 4). There was a
statistically significant difference in all the
metrics values when they were compared
between years.

From the correlation tests, only EPT
index showed significant negative association
with total 6-month precipitation prior to each
sampling (r -0.655; P 0.040). This
association seems to suggest that precipitation
might be a major factor of variability in the
benthic macroinvertebrates community at
Takami Stream under near natural condition.

As for the annual variability of metrics,
all metrics showed low variability (EPT index:
18.99%; BMWP score: 17.73%; Taxon richness:
15.51%; ASPT: 3.15%).

The high scores of metrics (Taxon
richness: 37 — 70; EPT index: 22 — 50; BMWP
score: 113 — 215; ASPT: 7 — 7.83), the generally
increasing but stable trends and the overall
low annual variability of metrics demonstrated
the stability and effectiveness of these metrics
in biomonitoring and also indicated the
potential of Takami Stream to be as a
reference site for future biomonitoring
programs in central and western Japan.
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Figure 2 Taxon richness and EPT index.
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Figure 4 ASPT value during the 10-year study.
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Isolation and characterization of microsatellite markers from the genome of

mayfly Rhithrogena japonica and their application in population analysis .
*Erandi PATHIRANA', Eman M. ABBAS', Atsushi TAKAYANAGI*?, Yasuhiro
TAKEMON®*, Kazumi TANIDA', Nobuyoshi SHIMIZU®, Mikio KATO'

'Department of Biological Science, Graduate School of Science, Osaka Prefecture

University, Japan. “Department of Molecular Biology, Keio University School of

Medicine, Tokyo, Japan. *Advanced Research Center for GSP, Keio University, Japan.

*Disaster Prevention Research Institute, Kyoto University, Japan

U Introduction[]
Microsatellites are short, tandem repeats of DNA
sequence. The high allelic variation in most

microsatellites facilitates the comparison of

population genetic structure in conspecific

populations. Objectives of this study were isolation

and characterization of microsatellites in the

genome of Rhithrogena japonica U’eno
(Ephemeroptera:  Heptageniidae) to identify
suitable polymorphic microsatellite markers,

subsequent characterization of genetic structure of
local populations of R. japonica and finally the
analysis of genetic distance between populations to
evaluate the effect of geographic distance, physical
barriers and time on the population genetic

structure.

U Materials and Methods[
Adult R japonica individuals collected from
Kii-Nyugawa (a tributary of Kinokawa, Wakayama
Prefecture) in 2005 and Kumogahatagawa-Oiwa (a
tributary of Kamo River, Kyoto Prefecture) in
2008 were used as source genomic DNA for
Genomic DNA
from Kii-Nyugawa was digested with ECORI
that

isolation of microsatellite loci.

restriction enzyme while from
Kumogahatagawa-oiwa was digested with Taql
The

fragments were ligated into pUC19 to transform E.

restriction  enzyme. resulting restriction
coli strain JIM109. The recombinant plasmids were
then cloned and subsequently probed with labeled
total genomic DNA and the labeled DNA

fragments containing (CA),s repeats. The positive

clones were sequenced by using ABI377 and
ABI3730 DNA Sequencers (Applied Biosystems),
the identified. A
then

and microsatellites were

preliminary  population analysis was
conducted in a local population of R. japonica
from Kii-Nyugawa in 2005, to estimate the allelic
variation of two microsatellite loci (Rjal30 and
Rjal8-1) identified in this study. Thereafter, the
of Rjal8-1 of 8
populations [(Kii-Nyugawa in 2004 (n = 32), 2005
(n=30), 2007 (n = 33); Kumogahatagawa-Oiwa in
2008 (n = 32), Takatokigawa (Shiga Prefecture) in
2008 (n = 24), Kamitakogawa (Nara Prefecture) in
2009 (n
upstream (Nara Prefecture) in 2009 (n = 32) and
Asahi
Prefecture) in 2010 (n = 58)] of R. japonica were
amplified by PCR. The resulting DNA fragments

were fractionated on a denaturing polyacrylamide

microsatellites locus local

16), Honzawagawa - Oosako Dam

Asahikawa - Dam downstream (Nara

gel and the alleles were characterized. Pairwise
comparison of genetic difference was performed
by Genepop version 4.1 (Rousset, 2008). The
genetic distance between each pair of population
examined in this study, was assessed by a program
gendist incorporated in PHYLIP version 3.66
(Felsenstein, 2006). The genetic relationships of
the populations were visualized by TreeView
version 1.6.6 (Page, 1996).

[l Results and Discussion[]
Isolation of repetitive elements

We have
identified a total of 60 positive clones, so far, by

probing with labeled total genomic DNA. Results
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revealed 2 single nucleotide
repeats[(A)z; and (A)as], 5 pure
microsatellites[(CT),e, (GA)19, (GA)z6, (AGAC)yo,
and (TCTCTG);,] and 1 compound microsatellite
[(GA)».(CAGAGA);], each in a distinct clone.

of sequencing

The microsatellite  sequences appear in
GenBank/EMBL/DDBIJ International DNA
Databases under the accession numbers

HMO059683, HM059711, EU827088, EU827089,
HMO059697, FJ826510, FJ826512 and FJ826511,
respectively. The other positive clones carried
either a minisatellite sequence or an A+T-rich
region. Interestingly, the (CA), dinucleotide repeat
which is one of the most abundant microsatellites
in the human genome and many other genomes,
was not identified in R japonica, in the present
study.

Evaluation of polymorphic microsatellites The

preliminary analysis demonstrated a high degree of

polymorphism in both Rjal30 and Rjal8-1 loci, in
the Kii-Nyugawa 2005 population. Forty different
alleles the Rjal30 (FJ826512,
(TCTCTG),) and 31 different alleles for Rjal8-1
locus (EU827088, (CT),), were observed in 30

at locus

individuals, respectively. Thus, Rjal30 and
Rjal8-1 loci were tentatively identified as suitable
microsatellite markers in this study.

Characterization of genetic structures of local R.

japonica populations using Rjal8-1 locus,
demonstrated a significant difference between
2008 Kumogahatagawa-Oiwa population with all
other R. japonica populations examined. The 2004
and 2005
significantly different from Honzawagawa and
addition

Takatokigawa

Kii-Nyugawa populations  were

Kumanogawa populations, in to

Kumogahatagawa-Oiwa and
populations. Interestingly, there were no significant
differences among the Kii-Nyugawa populations
collected in 2004, 2005 and 2007. Meanwhile,
Kumanogawa population did not demonstrate any
significant difference with Honzawagawa and
Kamitakogawa populations though the rivers were

geographically apart. With regard to Rjal130 locus,

BABEKFSAETHEEBEFARRREESE

all alleles are not characterized yet, as the
PCR-amplified fragments from Rjal30 locus were
highly variable; i.e., ranging from about 200bp to
more than 800bp. The alleles were observed in
most of the individuals from Kii-Nyugawa,

Kumogahatagawa-Oiwa and Takatokigawa
populations, with high polymorphisms, while the
locus could be amplified by PCR in only 1, 3 and
16 individuals of Honzawagawa, Kamitakogawa

and Kumanogawa populations, respectively.

U Conclusions[]

Eight microsatellite sequences in total were
isolated from the genome of R. japonica so far, and
Rjal8-1 and Rja130 loci were identified as suitable
polymorphic markers. Allelic frequency of the
Rjal8-1 locus was maintained in Kii-Nyugawa
population through the years (2004, 2005 and
2007), meaning that the population has not been
substituted by others within the period examined
and the repeat numbers were stable during
transmission. Genetic differences revealed by
Rjal8-1 polymorphisms in certain population pairs
may have occurred owing to the impaired genetic
flow between populations as a result of geographic

distance and physical barriers.
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family/group

Ephemeroptera
Shiphlonuridae
Dipteromimidae
Ameletidae
Isonychiidae
Heptageniidae
Baetidae
Leptophlebiidae
Ephemerellidae
Caenidae
Potamanthidae
Ephemeridae

Polymitarcidae

Odonata
Calopterygidae
Epiophlebiidae
Gomphidae

Cordulegasteridae

Plecoptera
Nemouridae
Capniidae
Perlodidae
Perlidae
Chloroperlidae
Hemiptera

Aphelocheiridae

Megaloptera
Corydalidae

Trichoptera
Stenopsychidae
Philopotamidae
Psychomyiidae
Polycentropodidae
Hydropsychidae
Rhyacophilidae
Hydrobiosidae
Glossosomatidae
Hydroptilidae
Phryganopsychidae
Phryganeidae
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Brachycentridae
Uenoidae
Limnephilidae
Apataniidae
Goeridae
Lepidostomatidae
Sericostomatidae

Leptoceridae

Lepidoptera
Crambidae

Coleoptera
Dytiscidae
Gyrinidae
Hydrophilidae
Psephenidae
Dryopidae
Elmidae
Lampyridae

Diptera
Tipulidae
Blepharoceridae
Psychodidae
Simuliidae
Chironomidae
Chironomidae:
Chironominii
Tabanidae

Athericidae

Tricladida
Dugesidae

Mesogastropoda
Pleuroceridae
Basommatophora
Lymnaeidae
Physidae
Ferrissidae
Planorbidae
Veberoida
Corbiculidae
Oligochaeta

Oligochaeta
Hirudinea

Crustacea
Gammaridae
Anisogammaridae
Pontogeneiidae
Asellidae

Potamidae
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BEAAHRDBELISHT IR

*RM S LA ER (KREEKRE)

1. [ILBHIC

BHEINAERIZEST, MBICBIT5—REEYME
EYHIL, MEBERRICEBITHEELEEIZE>TLS,
COEEFHIKEOAREND, KELEEEZ(T
bEEZNDEE, BAITHTEEEORBEICEMN
FEEHIN, BAEXNL RIS T HEHEEEELE, #RAR
BEOEBEMEAISEHINTETLS,LAL, CDHE
AL AN BERBETICARTSEAEIC, FOREE
FEEHEZTLAEMNE, FRALGIEAZL, ZIT, /A
JWAZRR OO Dq)LESZE (PAM (K) ZRWLT, &%k
ARLANBEONEBRRIGICEZ5FE%, TR
BLEAEROBMAMNSIRE T HIEEBMELTARBR

g%%'?:f?f: o

2. MPERE
21 BHRE
FEFIRREFTZWIIHIEFER-OM, EE LM
EHERETHMT2010F 1 AMD, 2011 F12 AI2hTT
T2t THDAEZCERENZRONT,
7k 500mL % 53 10 43 B (1880xg, 1553 Ff) TH#
10mMLICEMELI-bDERBELTz, ThE/ LRERY
AR )LHALAELEE (PSI, FLUOROMETER
FL3500) # AL THEITE LTz, Bl %E A% [E Quenching
Analysisz{#E LT, DIz, KBEAELT=,
22 ERNER
LEDEEKZEJIRIZALVT, Chlorella vulgaris, #/h®
B EECAtEREMEBHL, /LRERIOOD
AILENBEZEITo1=, C. vulgaris(F12hBA-120,
250, 25umol/m’sIZBELI=A 2 F2_R—4—AT,
MBMAR RIS IC THEE L=, MU DEREIE, 201145
12R128ICIER L RB/KEZERL, ThE7TRER
FA—ETREBTHIETHz. COEHITHERE1~
AumMDEETH D, TN %EC. vulgarisERIFRICIEELT-,
EEIEETHT, EENZRONT-2010F9A29
BIZ#REL, C. vulgariséE#kIZHEELT-,
Vv KRB AE
HBEANIZIAGEANSABH/EIDER, KFED
TITHELz, CNnITkY, BRI EFEEDELL
HHCBHINDSLSIILI, BHEHSNIEEFEEL,
FBEITELED A S1200pmol/m®s |, 640 pmol/m?s,
120pmol/ m*s&tiot=,
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VR KXEFINE (FV/Fm) DB ZE L

74 8 & L #1ZQuenching Analysis T{To7=,
BHEHEDAVFaR—2—hoRYHLI-IKREL S
Bz, @I BRI M510, 35, 60, 80, 100, 120
DBICRRKEFIRE (FVFM)ZHELEz, ZDE
E%C. vulgarisEEE (X2E, M/NDEFEILIET
To1=,
VERER (NPQ) LR E FIRE (O1) DRl E

B #k[ZQuenching Analysis T{Tofz, BAZHD 1>
FaR—2—moEYBLIKREBEZRIEL, 54t RS
M 6073 RICHUBIELT:, C. vulgaris&BE 3 [£2:&,
MNDELEILIETEEE T o1

3. WRLEE
3.1 BT
VERERXEFINE(FvIFm) EKBEDEAZEE

HE LM TIEKENIO AMEELE-I-EEIT,
FVFMDIETMHNRSNTz, CNITEL XL RIZLD,
KEBRRIGOBAENEE-I-OLEERT, Tz, KR
M100 UTDEZE(ZE, FVFMDIETHARLNT=DIE,
BBAMRICKDEEIZEEAT-,

BETMTIE, Lt TRONKIGFVFMEKED
BRIERONGEI o, i, BEE T IR
EO, ERENSHEELHLEEZ. LAL, &
BARLRIZHLTHMEAH I M ERESATEST,
ERIEhndimot=,
vOOOOOOOFvFMOOOOOONPQOODOO

R L, FihediZ, FWFmENPQIZH #A7% R 1%
NELN=(H1), COIEML, ERELMETMTIE,
RIRILF—EXREARICEFALTNSEEIZE, B
ELTEZMBL TS EEZ NIz, COBRICKDI R
LE—DORERE, REITRILX—FEESED, XE
B IE DR EEREZ LS HRED H D, LT, EEL
ith, FhlHBLTY, BB B EEE L TEILYTLY
BOTIEHLMNEEZ LGN,

32 ENEER
VC. vulgarisl2B 5 EHRIGDEIL

FvIFmIZBFREZEIEE &I, BARKRIFEETL
(H2), $#121200pumol/m*s TlZ, 640, 120pmol/m?s
(TR, XKELFV/IFMMNETLIz, £, 1200
umol/m?s TI&, FV/FmIZ{E T L& (+1=4%, 640,
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0.8

0.6

0.4 | y = 0.0826In(x) + 0.6152

RXEFULE(Fv/IFm)

R? = 0.4649
0.2 | o HER_Lih
A FEET M
0.0 L L '
0.0 1.0 2.0 3.0
A E(INPQ)

1 ERLMETMIZETS, FviIFm & NPQ DREEER

120pumolim’s TIE604 LA IZE LA EE L LE A o1,
ZDOIEMND, BHABHFHMS600E DI E K RIED
TIEZEFHLGAR-#RE, NPQIX1200 pmolim’sé&
640umol/m* s DT, ERICE LA Ho1=(F1). L
ML, ETOBRABETOIZELITIROALEAD
t=o STHHDTEND, 640,120umol/m’sD RS IRIE
TI&, BBEH B EEEL T, K<BEILV=T=6NPQ
AEML=EE Z 1=, 1=, 1200pmol/im’sD & IR
RTIE, BB K DB EEEEAELVDOVELNFE
ODHEREMNMNEZREEZTZ, DFY, 1200 &
640umol/m*s MIENIRE DT, HMEBNPQD £
Fh5, RRXKEFILEFVFMDIEBETAE, 8RN
AANDFIENEIEL TS EEZ GNT,
VHDDOBERFICETIAAHRIEDEL

1200pmol/m?s, 640pmol/m?s(Z &1+ 3%, Fv/Fm
DETIERLEETHoI=, C. vulgariskRE kI,
BABHONDEDEILEHADE, NPQIEIXE TE
TL, 640 pmol/m’*s D& K BE (DI LA
Ho=(FR1), cDOZEMB, C. vulgaris& TR %S
KERREETO>TWSEEZONTIM, FLIZ
hhoiahotz,

—&— 1200pmol/m2s. —&— 640pmol/m?s —=— 120pmol/m?s
0.7

0.6 .

0.5

0.4

mAEFURE(FV/IFm)

0.3

20 40 60 80 100 120
B (57
® 2 C.vulgaris IZ#(15 FviFm QOERIZEE

0
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VEATOEEICHEITS XEBRRGOEIL
640, 120umol/m*’s Tl&, FVIFmIZIFEAEE EL
A -ot=hY, 1200umol/m?s TIE A ZE F L=, &
D=8, MEDHIEETH, AR RIZTKYR
ARRICOBEENBEEEZIONT, RFKIZ60
DEDEILEHDE, C. vulgarisEBEHIZ, £TO
BARETONCE R IEAEMN oA, NPQIEIXE T
BETFTLTW (R . COIEMND, EETIITART
DBRABEE T T, FVFMmDIE T 12 &3 5 B 4 8
NELTWBHEEZONT,

&1 BAEE 60 DD, AERRIEDE(L
(1 (1m0, | E@D, REZZOELEERT)

C. vulgaris
Fv/IFm NPQ ol
1200pumol/m?s 1-0.21 1-0.36 | ZEiHL
640pmol/m?s 1-0.12 140.15 | ZEiLHL
120pmol/m?s 1-0.08 140.19 | il
WhOEE
Fv/IFm NPQ (O]]]
1200pumol/m?s 1-0.15 1-0.87 | ZEiL#L
640umol/m?s 1-0.18 1-0.95 1-0.08
120pmol/m?s 1-0.04 1-1.30 | ZieHL
Ex
Fv/IFm NPQ ol
1200pmol/m?s 1-0.15 1-0.28 | ZEibHL
640pmol/m?s 1-0.07 1-0.21 | ZEieHL
120pumol/m?s 1-0.03 1-0.05 | ZikiL

4. FLOH

o EELMETMIZENT, RREFEE(FV/Fm)
ERRER(INPQ) 12, MEBIGREFRAR o=,

e EREERICHULT, C. vulgaris & 1200pmol/m?s
& 640umol/m’s MRET, BAADRIEAZELLT
WaEEZLNT,

o EFERNERICEWT EETEL2TORIRET, &

REFURE (FVIFm) DIE T2k B FH I REH @)
WTWWSEBEZbNT=,



—iREEE

BABEKFSAETHEEBEFARRREESE

goooboobooobobbbodoooood
"0000000000000000000000O00O00O0

gooooo:00000000000000
gboobooboooooooooomobob
gbooboobooooooooodobobob
gbooboomobobobobobobob
gboobooboooooooooobobob
gboboobooooooobobooboooo
gbobooboooooooboobooooooo
gboooooooooooooooogoog
gbobobgbooooboooobooobobooo
gboomobobobobobobobob
gbobooboooooomobobobob
gbooboooobobobooboobobon
E000O0000000000000Db0DbO
gboobooboooooooooooooooo
gboboooooooooomobobob
gboboooomobobobobobob
gboomoboboboboboboboob
obooooooooood
gooooooooooooboooooo
gbdobobobobobobobobob
gbooooooooboboobobob2o02
gbobooboooooooooooooooo
gbooz003000000000000000
oboobboboboboboboboo
obobboboboboboboboo
obooboobooooooooooomoo
oboboobouoooboooooooobooo
ooboboboboboboboboo
oboomoboboboboboboboo
obooboonogoobooboobooogon
obobooooobooouobooooboooo
obooboboooooobooboboo
booboboboouooooooboooooobooo

_13_

gooboobooboobobooboonbooo
gbooobooboboobooboboooboon
ogbomooboobooboobobooboon
gboobooboobmoobobooboon
gboboooboooobooobooboobooon
gbooboooobooboooooboooon
gboobgoobooboooboobooon

gbooboobooooobooooboooo

uogbooooo:oboobbooboooon
gboooobomoboooboboobooon
gboooobooboobobooboobon
gbooboobooboobobooooooon
ubobooboobooboboobomoon
obooooobooboooboo

TEWACE

EEEA T

- fel=:b g
SRR AEH -
sEEERrs | JbEA T @#EET)

EERT r
= -l TSUTAYA

BIFREA—T

0-10000b0boboboob



—h&EEE

gboobooboooooooooodboboob
gbobooboooooooooomobob
uboooooooooooooonb-1d
ooooon
.lfdooo:ogoooooooooboooon
goboooboobooobooboooo
gboobooobooboobobooboon
goobodooooboobooboobooon
googoobooboobbooooon
gooooboobboobobooboon
gooboomooobooboobooboon
gooooboobbomobbooboon
gooooboobboobobooboon
goooobooobooobboobboo
gooooboobooobooboooo
gooooboooboooboboobboo
gboooobooboobobooboooon

BABEKFSAETHEEBEFARRREESE

DO(mg/l)

—FE =T

e REE T

e 47K R ()

e B4 KE (L)

O0-2DOUmg/LOO0ODOOO
U-100b0boobobooobooooo
gboobobooooon

(C) [KB(°C)| pH  |EC(mS/m)|DO(mg/L)| DO(%

COD(mg/L)

X

HEE 187 183 151 2290 657 69.88 152

SEE 198 180 1 7351 7266 598
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EEMMDICHTS Chlorophyll d EFT/INDTYT

Acaryochloris spp. DERE S

*REEE (REBR-FBA) - RARE R (REBK - AR -BIARF(HZERE
EHRERFMELS—) - ETRAGEHK R ANR)

1. IXL®iC

Acaryochloris spp. 1%, Chlorophyll & (Chl &) %
bHOME—DAEMTH Y, HMifarsHEED LT /A
77 VT ThHhdDH, Chl d ZHTHZEND, R
700-750 nm DR ZE AW IZ BRI AR A Al A
1TH2EBTED, TIVET Acaryochloris spp. D
=y F & UTIIB 2 TRHAR Y O Nl A A A7 4 v
LR L, BEREXOERTIRENMONTEY,
INHOZ END Chl d 2 HHZ & OIS ERIL
HEROGEZFBA LI GRET 5228k oT=y
TFEEHETELRIIHHEINTERL, L LYo
= TIT O EEW AL TomE HF mick
T O T T s N RS RRAT TIE, B A
LM, EAREYEIEIEE L2V KR 40 m LIRS
Acaryochloris spp. DRI & iz, ZHud, Chl d%
HLOZ ENBLT L bEREEE WD Z LITHFN
BNTWRNT & ZRERE LTz, & 2 ORI TILE
B AL DS E F I 1T D Acaryochloris
spp. DEWIGAMZHN, = FEZHLMNTTDH L L
HiZ, FOMEREM N, Acaryochloris sp. HFIH
TONEFRTHZLICED, Chl d ZHTHZL
DS EREBAT L2 L2 AME LT,

2. Fik

2011 4EFEEDEH (7,8,9 H) (CEEEWHLI O L
BLALE N4 (M-D BV CTHRERIER K Z1TH & & big,
K OWER - L FRIBREE OB I K OVF 5 A A
XY SNV OFHEIT S T2, BREL W AKIIFZEE A~
FoiR, SREOWKENREN 1L 2% GF/F 7
S VHE—FHOTIEE L, EBRIZHWS ET-20C
TEHRAF L=,

DNA #1112 1% EZ-Beads (AMR Inc.) Z V>, #HlkT L
72 GF/F 7 4 W —%F a—T I ANT=t%, BPE7 =
) —/LHIT 30Hz, 640 oD b — R T -7, H
AR SR &= DNA YL, Zaakibb-o VT 2
AT =4 EHNTHRE LR, 4V 7R
X ) — VIR 4TV, TE /N 77— (15. 625% 7~/
L7 2R, pH 8.0) ICIME 7=,

_1 7_

3555 ¢

N4

35.45 A

35.35

35.25 ji
%

LS
s

34.95
135.8 1359 136 136.1 136.2 136.3

B-1. EEEWNHOICI T DERAK A

FHHE L 7= DNA i & 855 & L C real-time PCR %
1T\, Acaryochloris spp. @ 16S rDNA @ =1 v°—#%,
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