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Abstract: In order to explore the relationship between metazooplankton (Rotifers, Cladocera and Copepod)
community structure and water environmental factors in Suzhou urban river, bimonthly quantitative collection
and analysis of metazooplankton were carried out at 23 monitoring points in 8 urban areas of Suzhou City
from January to November 2018 (Fig. 1), and the water environmental factors were determined.

Metazooplankton were collected according to the national standard method and identified under microscope. A
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total of 127 species of zooplankton were identified, including 48 species of Rotifers, 41 species of Cladocera
and 38 species of Copepod. The number of species in Shantang area was the highest, with 81 species, while in
Western of the city the number was the lowest, with 49 species (Fig. 2). The water environmental factors were
determined according to the national standards (Table 1), and it was found that there were some differences
among different regions (P < 0.05). Using the formula to calculate the dominance (Y) of metazooplankton in
Suzhou urban river, 24 species of annual dominant species (Y = 0.02) were identified (Table 2). Using the
formula to calculate the niche breadth (B;) and niche overlap (Qy) of dominant species, it was found that the
niche breadth was 0.25 - 0.84 (Table 2). According to this, the dominant species of metazooplankton in
Suzhou urban river were divided into three niche groups, and the habitat heterogeneity between different areas
led to a large difference in niche overlap (Fig. 3). The average annual total density of metazooplankton in each
area was 124.1 - 626.4 ind/L (Fig. 4), with the highest in Western of the city and the lowest in Ganjiang area.
Rotifers account for more than 85.3% of the total metazooplankton density in each area, making them an
absolute dominant group. The annual total biomass of metazooplankton in each area was 0.49 - 1.12 mg/L
(Fig. 5), with the highest in Western of the city and the lowest in Southern of the ancient city. The variation
law of metazooplankton biomass in each area is not completely consistent with the change of density.
Different habitats in different regions lead to differences in the current stock of metazooplankton. The
metazooplankton community composition and environmental factors were subjected to detrended
correspondence analysis (DCA), because the maximum gradient was more than 3, so the final selection
canonical correspondence analysis (CCA) was selected for the constrained sequencing. Canonical
correspondence analysis shows that electrical conductivity, water temperature, dissolved oxygen, transparency,
chlorophyll a, total nitrogen and total phosphorus are important environmental factors affecting the
metazooplankton community structure in Suzhou urban river.
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Fig.1 Monitoring section in Suzhou urban river

3L F [X. Northern of the city; 1113 /i [X.. Shantang area; 3 #i 1t [X. Northwestern of the ancient city; i3 Z: 4L [X. Northeastern of the ancient

city; TKFiY2E. Ganjiang area; i3 7 [X. Southern of the ancient city; 37 /i [X. Western of the city; 374 5 [X. Southern of the city
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Tablel Annual mean value of Environmental factorsin Suzhou urban river

. i IX Area
Environmental WAL X hERX EIRAEILX WAL FRIEZE hERX WEARX WEAX
factors Northern of Shantang Northwestern of Northeastern of Ganjiang  Southern of ~ Western of Southern of
the city area the ancient city the ancient city area  theancientcity  the city the city
7K Depth (m) 1.69* 1.81% 1.79® 1.89% 1.82% 2.40° 1.56* 2.20
ELE (m) 0.33° 046" 043" 0.40" 0.32° 0.45% 0.42° 0.43
Transparency
vH (
K (°C) 19.64* 20.00° 19.52% 19.54* 19.58% 19.56" 18.53° 19.88°
Water temperature
R (mg/L) 7.32% 7.97° 6.21" 6.06™ 5.76™ 6.37™ 5.69™ 4.41°
Dissolved oxygen
pH 7.95% 7.73* 8.06" 8.21° 7.80° 7.96" 7.33° 8.00°
b ?%(uS/Cm) .. 527.00° 538.33" 464.00° 474.08° 479.33° 496.80° 494.61° 514.67%
Electric conductivity
&% (mg/L) 0.28° 0.31° 0.26° 0.23° 0.32° 0.28° 0.71° 0.26°
Total phosphorus
24
A (mg/L) 3.68° 3.55° 2.79° 3.14° 3.48° 3.39° 6.09° 3.46°
Total nitrogen
AL o 13.40% 11.45°  13.45% 15.16® 12.27% 13.43% 10.01* 14.86°
Nitrogen / phosphorus ratio
AR (me/L) 1.41° 335° 1.45° 2.05° 1.35° 1.53° 5.17° 1.97°
Ammonia nitrogen
%
M2 a (ng/L) 20.49* 27.72% 12.17% 16.29% 16.25" 17.35° 267.16° 10.56°
Chlorophyll a

FEATEREARLE, ARIFHRRESEE (P<0.05) , A 1 N EEMFERA —ANFEEEARFE, RREFAEE (P>0.05 .

Compared with peer data, different letters indicated significant difference (P < 0.05), while the same one letter and different one letter

indicated no significant difference (P > 0.05).
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JE[X. Northwestern of the ancient city; ¥ Z<Jt[X. Northeastern of
the ancient city; T-#4#i£k. Ganjiang area; 3% F5 /7 [X. Southern of
the ancient city; %77 i’ [X. Western of the city; 3%F /7 [X. Southern
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Table2 Dominance and niche breadth of the

dominant zooplankton speciesin Suzhou urban river

YiFp AL (V) ESMEE (BD
Species Dominance index  Niche breadth
2 H Rotifer
AL R
Brachionus calycifloru 0.11 0.65
s RE B D
e 0.02 025
B. angularis
i R R A
Keratella valga 0.05 0-66
; A
BRI fo e 0.02 0.57
K. cochlearis
K2 e
Polyarthra dolichoptera 0.02 0-28
an A
ERikZ ke it 0.15 0.66
P.trigla
BT A
FUBL A 0.05 0.40
P. euryptera
¥ 125 Cladocera
K FH & Diaphanosoma 0.08 071
leuchtenbergianum
MR 0.04 0.69
D. brachyurum
e Ip 3
R 0.05 0.72
Moina micrura
SRR M. affinis 0.06 0.69
/. =
KaigmE 0.33 0.84
Bosmina longirostris
N Py
PR E 0.05 0.33
Bosminopsis deitersi
1% /2 Copepoda
T K
Snocalanus sinensis 0.02 0.62
B KE S dorrii 0.03 0.78
VEEN XV S8
Neodiaptomus schmackeri 0.03 0.36
B T K &
Onychocamptus mohammed 0.02 048
AR
PERIROPR & 0.02 0.63
Limnoithona sinensis
Sk %
R ALK & 0.05 0.82
Eucyclops serrulatus
B 5 61| /K & Cylops strenuus 0.04 0.59
Eé_jd\ﬁlhk% _ 0.03 0.61
Microcyclops varicans
A I K 2
Mesocyclops leuckarti 0.20 0.77
dbm b &117K 2%
M. pehpeiensis 0.02 049
TR S
HRIRSIK % 0.10 071

Thermocyclops brevifurcatus

P UK R JeRE &K & (Mesocylops
pehpeiensis) . ¥ # £ i ¥ & ( Polyarthra
euryptera) FI9E 5 67K % (Cylops strenuus) -
WBERREESMAR (B<04) , KK
JHi ke d . A FE A% (Bosminopsis deiters) .
98 4t (Brachionus angularis) A5 58
Bk % (Neodiaptomus schmackeri) , X—
R E F R, A A A 83 RAEA
Hor 3.

TSR AR A S E SR (Qu)
BALTEEN 0.00 ~0.93, ZEFEKA (K3, F
AR ST I 22 B e R L 2 JR A ey
M RES R AP RS ESRN, BRES
HE (Qu<0.3) . IVHHFEAWE. A RFrEKE.
#5531 /NGI 7K & (Microcyclops varicans) Fldbfis
HBIK IS 7 FEe AL F AR S AL E B
/N (Qu<0.3) , RIFEATSH dARHAFXT K B
RRIH 2R R KIS R, MRS

(D. brachyurum) . 7 % # g #% ( Moina
micrura) FIUTSEERIEE (M. affinis) 4 Fjz [H]
AESAESHE S (Qr>0.6) , RUJEAIX
KB UG AN A B SRR, I B e
817K % (Limnoithona sinensis) . | i 1 &1k
F AN iR 817K % (Thermocycl ops brevifurcatus)
W53 53X 4 FOLFF A S AL H BB (Qu
>0.6) ; FRIRSIKE S A 87K 5 7)1
BN ES R (Qr=0.93) .

24 BEHEEHENMIFE

TP X T3 25 Py DX 0 4R YV i sh 4 je 2%
FEN 124.1 ~ 626.4 ind/L, “FHHEEN 302.2
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Fig. 3 Nicheoverlap of the dominant zooplankton speciesin Suzhou urban river

1.3 ~3.4ind/L, %5 mE e LI X,
BARE HIAE AL X, oAt 6 AN X 2 J|) %
EEFRAK, EHA N X% E 5K T
2.1%, SRS BRI A K. B2k
SN 7.1 ~ 18.4 ind/L, % {1 H BUAE
WA X, s ARE AL X, R
LR sk 12.7%

TR XTI TE % B X (0 4 38 B P e AR
YIEHN 049 ~ 1.12 mg/L, “TFH4EMERN 0.77
mg/L, VFESNY)A Y& B s BRI B X
(1.16 mg/L) g X (1.12 mg/L) b Fv

X (0.94 mg/L). #IpEILX (0.70 mg/L). F
BIEE (0.65mg/L). WE A X (0.61 mg/L)-.
HIAILIX (0.49 mg/L). S A IX (0.48
mg/L) (B 5). 5 B MR 0.05 ~ 0.95 mg/L,
s HIAEIR P X, AR H AE TR
2. MY EN 0.04 ~0.13 mg/L, fiEfH
HIE LR X, RARE A P B X
B RAYIREN 020 ~0.51 mg/L, fFafd
TET R LR, BAME H AL X . A E A
N A ) B 2 AR K, % BERRD b AR
AR X AR B I DT RO,



534 ) ) B4

700 - BB S Total density
—~600 | |:| %E Rotifer
aQ
E 500 -
2300
Q
/200 |

2% ¥ Density (ind/L)
OB KD NSO

TR XTI S5 A PRI VA 4 R SR R I OC R 681 ¢
- ﬁﬁ% Cladocera :] ﬁﬂ?@ Copepoda
20
18

—— —

T T 1T 1T T 1T 1T T

B4 TR TE S M

Fig. 4 Average annual density of zooplankton in Suzhou urban river

YAt A [X. Northern of the city; 1113 F[X. Shantang area; 73 Pi-|L[X. Northwestern of the ancient city; #3 4<JL[X.. Northeastern of the ancient

city; T HIHZE. Ganjiang area; 7387 F [X. Southern of the ancient city; 3% F [X. Western of the city; 378 /4 [X. Southern of the city
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Fig. 5 Average annual biomass of zooplankton in
Suzhou urban river
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BEH 73T A RIs RS, AR H 7 AN
BT #ATH T 0 (B 6). HLEX R4 i
AN Bl BT RORFE(E N 0.213 F10.078,
R T 29 1% I FFEAR AL, K

SRS — 2 HHC, BAE. E RS
—R2IEFAR, MK a S 2IEMEE, B
i Z 2K, EEERER I, R
dL KRR R BE TUK & S
FE B EE 2 IEAHSC, R H (Keratella
valga) 5 S UL 2 IEAH O, ALRE &Ik &
FRIRSIKE T A elKE. KIEFERE.

TR WIS, IR IER. s
H&/KF (Eucyclopsserrulatus) 57K, H'5
FRA 2RSS, BIEAFR R, HHEZH
Bl IUEERE. KEREE. HAETTK
% (Snocalanus dorrii). A2 EKE. ik
ENEOIKE . BEILNBIKE SR a BIEM
x%, HEFKF (Snocalanus sinensis). i 5
SKFEHSAEAMK, MRE R R SHE
Rl FAH A B
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Fig. 6 Canonical correspondence analysis (CCA) for therelationship between dominant
zooplankton species and environmental factors

SP1. EAERE R I SP2. MFVE by, SP3. IR 4, SP4. BB M dL; SPS. i k4t SP6. EHEZ ke h; SP7. X
WZ e, SPS. KSR SPY. RS RR: SP10. TUUARNGHE; SPI1. UL RARNGHE; SP12. KAIZ &R, SP13. HUAMEARE; SP14.
hAEYK & SP1S. G SPl6. A SOHTEKE; SP17. B TIAR/KE: SPI8. dEa 8K, SP19. HR&IEI/KE; SP20.
FEHGIKE; SP21. BFEIL/NEIKE; SP22. J ATt &IK & SP23. LRGSR E; SP24. RIRGI/KE; Chla. M4 a; WT. Kifii; EC. H
T, TP S8 TN, H&; SD. EHE; DO. A

SP1. Brachionus calycifloru; SP2. Brachionus angularis; SP3. Keratellavalga; SP4. Keratella cochlearis; SP5. Polyarthra dolichoptera; SP6.
Polyarthra trigla; SP7. Polyarthra euryptera; SP8. Diaphanosoma leuchtenbergianum; SP9. Diaphanosoma brachyurum; SP10. Moina micruras;
SP11. Moina affinis; SP12. Bosmina longirostris; SP13. Bosminopsis deitersi; SP14. Snocalanus sinensis; SP15. Snocalanus dorrii; SP16.
Neodiaptomus schmackeri; SP17. Onychocamptus mohammed; SP18. Limnoithona sinensis; SP19. Eucyclops serrulatus; SP20. Cylops strenuus;
SP21. Microcyclops varicans; SP22. Mesocyclops leuckarti; SP23. Mesocylops pehpeiensis; SP24. Thermocyclops brevifurcatus; Chla.
Chlorophyll a; WT. Water temperature; EC. Electric conductivity; TP. Total phosphorus; TN. Total nitrogen; SD. Transparency; DO. Dissolved

oxygen

PR A BT DL ARV R 3 A T

3 it X e
of YEF] (Sarma et al. 2005), 520 EFEsh Y 5%

31 FAERFENMMEFRRETFRA
FEshIa R /155, XA R R UK,
TR FA 5 1 A8 A0 T 35 Vi 2 W A Vi 43 A 5 e A
o HE 6 AT, KR BE. HaR
a~ 1B IFE . B E 77 R 55 I A2 s M 4 X
BRSNS A EEAER T, X5
K& HARH TR IS AH—E (Sarma et al.
2005, Marques et al. 2006, %% 2018, #HZ
85202000 ASHEFUARIL, KSR IR 75 X
TIERFANB RSN EERN R —, A%
PR 5 KR S TEAH DG, 1% 2 R R 7K

BHEE (Holste et al. 2006), AN KR
YIRS A B (EIRTTEE 2019),
NI 5 M AT ERE ) R B (R s . AN AL
KDL, FERRATT LUV sh DBV G5 46 7 A 5
M, PRAA RN K AR AR () B AR A7 2 A
Z—, HEEMEET] LA E R A TS
AEDRMLE = 2016), X 1 5F 5Z(2013)
R B 2 IR I s A = R R R A )T A
SGERA B AFFFRIL, FMIIXE 2
BRI 54k a 2IEME, MEEEK a b
EHEKEBWIRAETTT, B T 7K



539 R TET IR - 5 M X R i A 0 s DR v S5 40 SRR TR T R R © 683+

P RS, o SR B VIR %
(BREZREE 20100, TMEFEY) AT LS AT
RS BTSN FE BE o TR I X VRT3
B 5 2 RIS 2 A DG, T2 B R
FE D GBI 2012), LA
PRSI . KA E. B EEE S
STV IR AR VR, DT B2 5 e BTSN )
FEVE (HR/NEESE 2012), J5 M3 X ] 18 52 31 A
I X ARG K BB RN T R S i
BERVIBRN, BBFEFRERL, UL R
LY/EE SRy AN,
32 JEHEEIHBNEEE G i

I I DX i S A R X A AR
WHATEEE LT, FRETHES
A B AR, AR SRR
AN DG, T3 IR DX AT 38 197 i B A
TERFE RS/ N = B, R B
IR AR B R ARE AR A R
BN IRE I 254 LN R oA =, X R
PRGAEYLI] S IV T VAT S AN [F] KA )
HRIL (EERZ 2006, FRIEZE 2006, 6
A FEEE 20120 R RS AR EA AR TR
T4, RUASSIHIRR AN AR, #e RAZ B
SEFE TN (B 2014), 5 JHIRIX ) IE
AR SRR, X B /R A 4
N FRMII X TE PSS EE, WA, KR
EANE, AKIEE A, e PR R 1 IO
ABE TR, BRI, KERER, AT LAGR
THOE N R AR W K AR SRS, TR R A
(RAEE 2011, AWK, MEE BRI
FEEEINJR, AC MR H A 2, H R
FhZEB IR CERGE 2007), F5 M3 X AT 3E H
TG K TR KAMHRAC TN, %
X 3k U o 2k B A B B B IR K, ATRE 2
S EES BT P v A SRR o I M DX T A
J& TR AR (SiESS 2021, Ha
PR i) A Al S AR 2 SR I A2 K (Zhang et al.
2013),

3.3 AR RN 5 AU S YR 4
200

I3 PR DX TRTAE 5 DX A) A AR 85 2 SR B
WAk, WHEAE. IO KAERRIK SR
PRI AL R 745 R R S0 L AR B, AN F
85 SO S YD RE R S5 M — E A IR R TR
P A YIA] A B 7Y e X5 AT o R P )
BRI, I DX AR SR A I R IR LA #
TR U I HETR, AT T R I A S 3 S R
Y0 5 T A SRR 5 I B R AR LRE N TTIE (52
%55 2007), SEOTEREBFEREFE, H§E
IR, SR X B B R R, T A
Kb, X5 EEFRMARE A KI5
RINEEZ R KA WA RN (W 25%
20200 RGP IXEFTF AV NG i, LA
DXAb T o5 N8 R g, AP, JERUN,
KGNS, M shYAAs, R b EE
T R R EAFGKEAYITG R GBS
2019), WAEY KBS RARAR, FhishY)
MR NG R SRAL R X sh W F RE AR
FAIA R, BEDCRTIE 5 R AT, E
7 USSR, EIRVIBREE, R TR
AAr e EWORACIX SEITAL X, HIRARX
SRR R R — /K 5, W X E KR AR
i HI AT B, AR, PR Al
Yo ERRPREI B . W Ay X IR
B AL, KEMDFENG RS, FAZ5
i, RE TR S IR 2 FEAL I 2 25 1]
iy H 2 /& B TIiE, KUsds, Rt
IR R R 2, FEAREAR. A A X
PRSI RAR, OB R AR SR,
TANER K g ETE, KRR, WAL
2, WAKEBARECR, KR, EFHshY)
WK REST55, AREIRPUKIRBEEIZH, X
—EBIANE TSN B Ak, I L
DAL T o L AT R A3 25 K] 529
A, BIXOKIEE A, KiAeE, KKz —
SEREPEI T, i sh Yl Rese W2 i) AR B
by FEAR. TRIRRXA TR AR, 1E



- 684 *

=24 Chinese Journal of Zoology 56 %

KEFERZ, BEgm KRR R L HE
TR BSR4 AR R A Tk S5 47 ot R )
WG H, UEEE BRI AL, TTRER S
B A B I s F B B AR A

IS RS AAE— B R E R )
TP S5 A B 2 20 90 2 1k DA B P R P A 100
(ErJR5E 2019), 1 AR 5% 1) 2 A A5 3 M3 X
BRSNS BEAE kM, &%
FAESAL WA ZE S . AL 5 5
P, A B S SRS B ) A AR AR IE M,
XA ERAR, FIH BT AR J15R ([ R 155
2020) . AASALAE IR TR, X PR IE B AE
B2, PREEIR 3R 20 H A A i [ P AR AR KA
fIZ)3H (Pandit et al. 2009). HHFFLRE, |4
ALY Fh EZN 2 ] R A L, 22 AL
W b 3 TE T I 85 R 2R A e L A R 4 AR
2020). ZAEE R R, KGR EE. | Amda)
IK AT A AT BB, TR IX
RS, RIHERMEBERRE . &
BB AEMNTEFEE R ARFTEKZ ST
FERIEMR, EMSRESESPIRG X KS
ST e SVAESRE, TRMIR XA E A A AL B
BN G 2 A, SRR R 7%
PRI EAMERR, ATk > P A R R
AT S, XS & X AR 2SS
I R B S I B ot AR B 58 B RE T 1) 22
HR.

Z2 ¥ X W

Holste L, Peck M A. 2006. The effects of temperature and salinity on
egg production and hatching success of Baltic Acartia tonsa
(Copepoda: Calanoida): a laboratory investigation. Marine
Biology, 148(5): 1061-1070.

Marques S C, Azeiteiro U M, Marques J C, et al. 2006. Zooplankton
and Ichthyoplankton communities in a tmperate etuary: spatial
and temporal patterns. Journal of Plankton Research, 28(3):
297-312.

Massicotte P, Frenette J J, Proulx R, et al. 2014. Riverscape

heterogeneity explains spatial variation in zooplankton functional

evenness and biomass in a large river ecosystem. Landscape
Ecology, 29(1): 67-79.

Pandit S N, Kolasa J, Cottenie K. 2009. Contrasts between habitat
generalists and specialists: an empirical extension to the basic
metacommunity framework. Ecology, 90(8): 2253-2262.

Sarma S S S, Nandini S, Gulati R D. 2005. Life history strategies of
Cladocerans: comparisons of tropical and temperate taxa.
Hydrobiologia, 542(1): 315-333.

Zhang J, Xie P, Tao M, et al. 2013. The impact of fish predation and
Cyanobacteria on zooplankton size structure in 96 Subtropical
Lakes. PLoS One, 8(10): €76378.

BRotoR, EPRIN, TEEL 45 2010, FRERHEFX AR AT A
IS IRIEEIR. KA AR, 31(4): 28-32.

Mrde, TR, #TRUA, %5 2016. 8 DU i Bh i v 45 MRFE
LSRR TR &R, B2, 51(1): 113-120.

FORTN, BN, 18, 2. 2019, VLIRS TE T I 5 0 A
LRSI T SRR, PR, 40(10): 4513-4522.

FLEAR, XERE, T4, % 2013, RETE TS I E A
RZEAL. FEAEAR, 33(17): 5407-5418.

VAT, MIET, R, . 2012, BLPRR X KAV S PR
ELERIRRAE S L KBTI R B ST SRR, 25(5):
16-21.

AL, B, WAZLE, 25, 2019, J5 M 7 ok 3k XVl 18 7K i 25
AT G VR. ARMIBHE 525, 25(2): 22-27.

T 242, Wk, BEMH, . 2020, EFERERIFVIREE S 5K
AT IR A, AWABIREEK], 39(6): 1271-1282.
FlE, M, XECH, 5. 2019, BR= A AN E K SCHEIESI )

PSRN R AL KA 22, 40(6): 3744

FBRRRH. 2018, AL R TR IF WS PIREVE 4540 L S35 T
MFAERIBTFE. il EHpE R 2Bt AR 5.

FE K IBLORA LR 2002, KRB K MM 3 #7771 4 fie. dbst: o
AR 7 i, 88-285.

W, KA, TR, 55 2020. 53 K PRSI 20 AT RAE

AR R T —— AR i K B ). op [E 3R B R 22, 40(1):
227-236.

FZER, HEIL, #HEH, %, 2006, BIRTT/K R F LT FEE)
VIR RS M. ZRAUMROL K229, 34(4): 64-66.

WEUGEL, TEUGEE, EON. 2012, A REUKEFIEY SR T

KE. A& E, 31(3): 606-613.



5 3] R TET IR - 5 M X R i A 0 s DR v S5 40 SRR TR T R R

° 685

FRURIE, EERLE, JUAPZ, S5 2011, il T 5 )R] A K
JEABSIIR A AR AL, A FIR, 31(14): 3928-3936.

W&, JIBA, M, S 2018, ViR VA SRR X I S A i
SIRETE G5 B R R . IAREE, 30(1): 171-182.
T, AT, TR, S 2021, FRONIK B IAE EEE Y D) AE
THERFIE R X R BE IR TR, LI P R AR, 30(1):

103-112.
W, XUbkUE, Eld, . 2018, FRARAEK LI AT IR
SRR AN KL IR 5305, 27(3): 564-573.
BR/NER, BRALE, FMRE. 2012. VVRIESIY) S KA BE R T8 &R
Mz e, EEYARE, 31(4): 896-901.

TR, 2007 SR A0 A S K IR E SR AR
ey RS e N T R AT

TR, HIT4, %, %, 2006, FIIFHE0M TR SL1 43380 X )
KBRS SR AR, 25(6): 550-553.

T, B, 2T, B5. 2019, R TR B A TR 4k 2 R
AKBIPEA. ARAAEDAAR, 43(6): 1333-1345.

EAY, BRLL, XN, %5 2018, DU NG Eh YR ¥ 45 HRFIE ) 5
IKBURFR. BRI, 37(2): 114-123.

FARTy, Tk, W, 5. 2019, 5 [F) I DX VR e A A R A
i S B SIREEH T IOC R, IREEREE, 40(5): 2249-2257.
BT, W, MR, 2. 2019, KA RIS I8 50E 0

PIMIR T KRR . F858 THE, 37(4): 12-16.

A&, EHH, TR, 552007, F5RMIR KR F Ak X R ARG
FHIE. KB, 23(2): 57-59, 63.

SR, SRS, TREM, 22011, WAL TR i sh VB TE A
ERNR S G E TR R, WIERLAE, 23(4): 619-625.

WA, BOGI, R4, S 2014, BULK BSR4
FHIE ORI PR, KA AR 2431, 38(4): 720-728.

FIT, B, i, S 2018, b#EH S KR T KR
SERIHRFAE. i RS2k, 27(6): 864-874.

RHMEEE, IR, mERE, 5. 2017, AOHIHLR I AT G TT
W BB TS RO R S BB . B
%78, 52(5): 812-823.

KA. 2015, ST RR R AU VAR 540 8B 7E. 5 Z5
s TR AT

JEIEE. 2016, 7K AR KA P AR A AR AR L. VERH: YRR

PSRBT 2618 5.



