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Indicators and implementing methods of wetland biodiversity monitor-
ing: taking Great Lakes coastal wetlands as an example

Yanping Wu, Wenjing Yang*
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Nanchang 330022

Abstract: Lake wetlands are home to a wide variety of wildlife, including numerous species that are highly
dependent on habitat and a big portion of them are classified as protected by law. However, lake wetlands are
among the most functionally degraded ecosystems. Almost 40% of Chinese lake wetlands are threatened by
various factors, including land development, input of pollutants, and hydrologic alterations. A monitoring net-
work is essential for tracking changes in wetland biodiversity. Many developed countries have established re-
gional or even national scale wetland monitoring systems, whereas China is still in the early stages of develop-
ment. In this paper, we introduce indicators and implementing methods for coastal wetland biodiversity moni-
toring in the Great Lakes. Five biological groups (i.e. plants, macroinvertebrates, fishes, amphibians and birds)
and water were sampled annually from c. 1,500 monitoring sites. Indices of biotic integrity (IBIs) were devel-
oped based on biological community data to assess the current status of and temporal trends in wetland health
conditions. This project provides the scientific basis for biodiversity conservation and wetland management
policy, and represents a good example for formulating a wetland biodiversity monitoring scheme in China.

Key words: lake wetlands, biodiversity, monitoring scheme, indicators, monitoring sites, water quality, index
of biotic integrity (IBI)
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2 1) 7K I 2R R A o B 85 ¥ G ) A5 U TH AT A
1 (Woodward & Wui, 2001; #FNH, 2004), &N
X2 B LR B AE Y (R VT 2 2R IR R SR 4L T 4
BB, FeAlRAE K S B S,
KM BT A 15 B Hi(Denny, 1994; % B BE4E:, 1998).
SR, MR R B ™ E AR S RS2 — (Zedler
& Kercher, 2005; Bt L4, 2010), ITERILEY)
ZHREMEAKCT TR, ROEYRDBCE R A A )
FETE At ) T ] B AL S5 (E &S, 2004). ik,
BT, T E L R 40 AEHT 100
R/ B HATHISOR T, T lEH A 3480 8 A 5)
VI e (F2 %6 1R, 1999) . T A=) 22 RE I /D 1) 32
JR PR R N AR B IR A AR A, 5 808
RO . R IR YT e . UK S0 S R A AR A%
(Gibbs, 2000; T 4&HESE, 2004), LK HIH LI
TR AE ) Z AR VE IR DML, 1dsslvaigth Ay 2
FEERIILAR, VAL AR AT &35, EHRAEDY)
ZREVEAR IR BN A B3k, R HIE A EM AN Z
FEPEORAP SR B0 B 2 AT SRRk 5%, 20105 S 5e-F,
2011; Pereira et al., 2013).

LR 4o A ME M TS: LN A A Y./ E A = AN
W(Steyer & Stewart, 1992; US EPA, 2002; Pasqualini
et al., 2006). 1635 KHI(Great Lakes) /&t 7 | K )
HKAKIE . 20t 0EA L, & AN K
FFE IR R L KN A RREY 2 H
PEME IR 2%, B 1T AR B R A ) 2 7
PEMS I 7 %25 WIFFUN G A AE 0 R b K AR A2
B JRWITEHESY) . M2k, ISR
BEATETFAMR A ARAE, VPR AEY) 2 FEERIAE RS
R B IUIR A AR Ab a3 (Albert & Mine, 2004;
GLCWLC, 2008). HNEKIEEHE F@ S T i
A2 FEIE ) M I X 4, BeT R AE B5 44 EH 2003 47 2
TEAE IR i B T BT AN IS IIRE 2, RN
Hh /K PRI AN A V) (BRI RUK R B MBI ) 2
FEMEEOE, PEASAESE AP R 2 TR, A
AT M 25 SR 4 25 (Alberta Biodiversity Monitoring
Institute, 2011). BRI VT2 B S SE 0 1 3R Hb I A2
ZREPE NI (TR IS UK R AR 24, 2013), Q0P PR 7E N
5 e T Hh X i A AR M R K A D
TFE s, DA 52N s B s e s 2K,
KA, CAVEM 3 i 4R 5 & (Boix et al.,
2005) HATREESL | 5 R (g A=) 22 pE v

P25, A BT AP E SRS S 4l A A
— LU TR AR S RS IS (RFAE, 2013).

3 FE ) Ve b 1 A ) 22 A P DA Ak TR R
A KRB B, H AT A — e [H b 5 28 T fe
TR R AR (SR I RE RISk %, 2007; K76 4%,
2011). WIFFFFE AN G2 120 104F A2 75 F g e Hh iR B 1
] %) M WA e R X, I 2
(Procapra przewalskii) ¢ Fo i 5 IR, 40 #1 &
AN R AR S A S . AR Sk e 2
B, BHEAAIAEY) B, 2T SHEMIRE, TR
a5 1 WA 75 & (http://deep.gherc.org/) . $&E R ILIE
i 5 2 ) EE A S b, BN ARSI,
S K B ARORS X S kAT K e 02, H
2 S AR SR AR . A AR S, K
I T A T M 1 P VA ST S S 1 DR AP K
MAHTF R, 2005; FMEHERE R E, 2011). FEKILH
TUEHLIX, i EE AR B T R A 2 A I T
T, FERWEE A NEY AR s34,
YRR R A (ERAESE, 2009), HE T84, 4
AR CL LS ITa) A Bl 45 e B, 0 0 0 R
R 28 XE LA ST D ERSEAE, 2001).

55 [ AL i AR I A B, R R
A Z IR AR R AL . B %, AR
M E R AEDHER S S, V2 3 B0 R
RGTFRAHK TAE, A I A R AR AN A1
TEAN BT AL T M AR ) 2 R IR OR A 1) 5 L GRR ek LA,
2010; SKFEEAE, 2011)0 Hok, Hdlxh ik e b4
ZNRVERCHIR R, 528 L R5E, AR
T S IR AR P 2 FEVE I SRR . R, AT I
I H B bR RS T V522 AR OR, A Le)
TR B T =, (HARD AT R, A
AT 300 H 22 18] 1) 15 48 A2 I F T8 Bt — RS 138 1
W2 REPE I T %

B3 R 1 M A= ) 22 B A M N 0T 45 3 3% [
EERY J5 (United States Environmental Protection
Agency, USEPA)M 5B, H20104 R EFH AL
20073375, HH 3 EAINEE KB R AR S LA
SLIE ST, 5 7R N ORI Hh ) R AR B A A
o AL IMANE P A=) 22 R U T 2R T ) 4
Pk BB, B AR A AR R E T+ M
6, BRI AT E B m e, d63E
VFZ DR 1 S ABh R0 M 8 I U7 %2 (Mack et al.,
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2004; Maceceka & Grabasa, 2011). A EIENHIL
FRHBHAES RGN RN Z LS, PR HEE E A7)
TR b A 22 o 1 s 0 )

1 R A N RRR YR 2 ()

AW 22 1 R I R R B S R E
UMK, —RINE, A2l EEZE 1K
SEN T ORI AR A 2 B 11 % T) 43 AT K S RN LE B[]
75 AR E S, MR A 2 FEVEXT IR AR AL
NFVEB TR m AL, R 2 R P DR B 2 .
PRAOLF TR S (B 44245, 2000; McDonald, 2003; [%
EEAE, 2008), [FIR AR A VPG LR K T
Bt (%50, 2011; Pereira et al., 2013). A4 W0 H 1
BIANIE], A B0 E T A9 2 AP AR A AN e RE AL (1)
WL (7 S, 2013), A1 FEE MRS T & B fk
HE(HEF, 1997; Gregory et al., 2005).
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() AR 25 e BROIR O, DA SO /8 B e 552 4 118 10 52 1
o FLMRI RN T RIZF LU R ()i
LAY P Fh 2H AN 2 R R AR AT 2 (2)3
i A=) 22 A IS 1) (R A% 22 AR B B 2R (3)
WRLL F AR L . 4T R SV Z AL
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[ — FCRRAE, XS AR B R, H 5T
SE AR S AR, &S T B 1 s ) & A
FER WA 6AF, EZEAF G I DX R A5 S BR S
2t 2001; de Bello et al., 2010). ¥t |, AL rett
WSIN ARG R I, BEE . S RGNS
Z NKF(Pereira et al., 2013). SEFR#EAEH, Z3H;
AR 2R PSR R PRSI, DA A H b
T B RTERER KR, RN AE YD BEVE R AN 25 5
S, FLAE U b S LR AE ) 2 R G — BOIR S
(TRIRUK IR TR, 2013) 0 KCTHIHE M W 7 35 B

ANEVRBE(EY) . T B MES Y. 25, PR
S SRR AR IR AR A I G, 3 LA
HEV& IO RR IR 8 YA K T 2 50 9 I B AR 1R R (GR
1; GLCWLC, 2008), iX T8 AEWLEWTA IR H H 153
WL, RS RE T A FE R EEAE, X
WA UK A 2 57, BefRIL@H A=) 2 1k
(RIAN ) 7 18 o
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WRYE LR MR AR A R, RIS 73R
S 5% ML DM P 800 A S it M 0 ) B B A . R
T LB S KW 9, 4 T7 T A R im s A= 1) 2 b
PEME I ST (DRI R E; ()B4
EAEE RS, QBRI AE L, (4ITH HEHM
(LI
3.1 ENESRIRE

VIR PR 5 R AL 2 A P 22 A e B O e i PR ) 7 9 (o
FIEAE, 2008). IR SBCR . A8 g A SR
T [ ] 9% 45 42 5 o M 00 0090 1) 78 5 P AR SR A2,
IR e B A ) 22 R A AR IS [R) RN 2 ] B AR Ak, [
IR E 2 e N R ok LR SZ R8T .

FEHAR (B ST BORE T, FEALE 2 AR
KA R 77V, R WA R Bl AL 23 A7 £E BT 9T IX
W, AH 2T AE AR 7T XI5 B AL ik X — S R R
A, DL BRI A IX 38R AR AR O (Guisan et al,
1998). FEALVEAT B T3R5 22 6] L BEHL A . S EAR
BT K, XA I B T A I S 4
T AHEWT o3 B, SR, EISHE AL, FFEX
B R U R, — CR A E B T
(stratified-random design)KAf J& WA 55 (Stevens &
Olsen, 2004; GLCWLC, 2008), RIJEHReE— s [13F
55 25 AR 2 W 07 [X 35 (subregion), AR 4 &1
DX 3k Py TR B A5 s L BRI R 3, [ — 1 IX
AN, WEIURE s BENL A0 o U AR B A R A v
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BT IEE = A 2, 125 WIEE 5T A
THRBE B, ToiEAE— 52 N 58 O A e DU R
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530 4 W £ K Biodiversity Science

23 4%

F1 JEEKEBEE Y SR MR . BAEFRFIEEIEEEEGLCWLC, 2008)

Table 1 Sample types, indicators and data sources for biodiversity monitoring in Great Lakes coastal wetlands (adopted from
GLCWLC, 2008)

Fre DRSS FAELETR IREEAT

No. Sample types Indicators Sources

1 KI5 HASE, pHIE. WHFE. E. SN, VM. EE. mME BRI EN

Water quality
AW

B AR HER. SR WIHEMRE. SRE. MR, B,

Field sampling and labora-
tory analysis

Specific conductivity, pH, dissolved oxygen, temperature, oxidation-
reduction potential (redox), turbidity, transparency tube water clarity,
nitrate-nitrogen, nitrite-nitrogen, ammonium nitrogen, total nitrogen (TN),
soluble reactive phosphorus (SRP), total phosphorus (TP), chlorophyll-a,

alkalinity, chloride
T, f o
Species, species coverage

BB BHRAEEL

2 Y Z e
Plant diversity
3 JRAN TG HESh ) 2 BRI

Macroinvertebrate diversity

Family, genus, number of individuals per family and genus

Hp AN A

Field surveys

HF A RFE RN 2 P %5
Field sampling and labora-
tory identification

4 R IEN L PIFPAEEL R BUhi BUR ) Rk B AN
Fish diversity Species, number of individuals per species, age category (young or older),  Field surveys
body length
5 PR Z R GV S50 AN A
Ampbhibian diversity Species, calling intensity Field surveys
6 Ll 2 T, PR REL ESg A Fes
Bird diversity Species, number of individuals per species Field surveys

(B 213001, FFAETERI AL AN A, SHETER
— P W INRE S B AN B AN SR AR . MR
R A L RIRE R FH 4 JZ-BENL I 7%, B+ X
WA B B DA s REAL 2 S /N, & X 3o Bl AL
TN G FERL AL, A RISH, KPR
AR I MR DA SRR 8 R EL AP M A 55 T B IX
B, HAEE—F XA AL A, 45 5K AU
W E YR 7 A (R AU S E B SR, fe
3 I BRI A5 ) 22 BE 4 ) 25 (R 3 A kR
Bribz 4, WO RIEEE T 292000 2 B
JFE 25 (benchmark sites), ¥ E A ZFEHL, 10
T B o RN 280 B T R B AN [ 288 2 R0 5 i
(Danz et al., 2005). 401, #H 0o Y — L& 05 N 755
2, UG bR B A LAt A AR A 52 BN KT
P, AR AT A OE A S BRI A, QR
RIVEH e AR B SR AR IRRAS T — L8 I T (o
JE AR ) LA S AR M Bl 5 B L X (T i 35 T )
BRF I P 0 A 028 4 23 HER IS A, AR B TE Hb
ZNRT P om A PRA; ot 2 B A 22 N6
T-PURE FE A T A 95 A1 B w2 (A, AT B9 B B
£, RN 25 AN R PR Y . 35 0 e U AN
7], B FEN SRR L 20 56 BT 2 M DA A B
AN AR R TAE. WE SRR S E W
SN T AR IUAH [R] B A SR B 8] 7 41 S (RE AR

UOBIECHE, 7847 I i 1 b 2E W %2 8 P 7 1) B
TAbiass, (FF0 NG TR A Y £ 4
PEIE BT A P2

3.2 EOMBAEMBIERE

()RR o Vgt A= i A K B 2 K AR BR B
(IS, EJR A=) 22 FE I IS I rh KR 1 % T 2
12 H B IS EAR (GLCWLC, 2008) . 7E1L3E
K, B ERAR I S5 s S, pHIA.
WA R BRI VEMEE . B
AR TSR AR BE. TATER. S8,
2R FKa. BE. FDE16TTEIRGEERD). BREL
WAk, SR SO KRS E. BT oK
XAEETRE L, A FIE RSN
JE2E KIK WS et . Bk, KRS S5
AR A [T T (17 2L A A7 100 1 o DA% %

Q)& N B AR R AN 2T
AR AT RUORE R A, SRR YR TR FR A 20 -
HERAYE KB RIERNZET, WM EE
HHTE6-8 H Ao FH T A LE PR A S AN 5 28 1) % o AR
I LR AR IS [ U 75 I P AN SIS TR 114 T 0 18 2 A
BTG BT AR AR L 8 R 7 F R s W82 (B
WM AR TT R, IR RS, 2. &
EEER, HREEVFENERRESTEE. &
AN RTE VRGN A B R ATV LB 1. oA AT
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INFRTTE AT TG A B e X 6 v 2P, %6 e 31 skt
RPAT, MR s B R, A, WA RE
BEC S W M RE AR S N 2R B0 T POIR 0 A0 R 2
B R AR, SO TAERR . BFAMA &S,
WG, SRR AR ST E N T AR EE, 23R
EIRIGEAE . W BORRE A TR IR % .

33 HESHANER

(OB 734 o 1 7 AR 2 SR ) $dh # i 4
YA R ) 78 BEVEFE E (index of biotic integ-
rity, 1BI), TH&E & IIFE fIBIHE S, BAVFA R
IR AP 2 FE AN AR 25 R Gl BRFPIR UL - IBIFE £
(A0 R R WG S 2 (W A R VR 0t DA — AN
PEERTE R IR, BUE RN R 25
P 55 R 2 T HORES BOR ARG FR R, B f
i, T HEL LA BUR S RN LRI ok 28 51
PR IRISIBIHEE TN 45 3, T H AR5 ) BE
B 77 36 B RS OR P R 36 58 AR W) 22 R PR R DU R AR 3
RGAERVFN AR, A IR b A A P )
A -

HE W) 5E B (biotic integrity) & R E AR R
G B 5 ARIREAHIEN . JRIGRIBILIIEDY)
F& (Karr, 1981)0 RZANKTHEHE THAIIHLIX,
— NN AR BN R AR R, TN T
Py, HAEPIREIE H RO S i 2 R A AR Ak, b
FAE R AR R A . Blin, EAESE KM, =T
PL X f RS BRI LR AR 2 1
SRR I X, R AR E k>, ARk
TR AR b (1 ] e 386 0 o TBIHE B2 AR U 4 T 30 0t
TR S BUR I AV B S EO T A, it
TR ) JE A VAN e R (VR R AR, 2009). JE3E
K ZRIBIREU S 30k R AL 46 1114100 i £ 28
THVERFIE B I S80I 3%2; Uzarski et al., 2005),
IS H 50 H B INRIS BIBHEEUE . 1BIFE Zu
L VAR S B, SR AR YRR S A
Bom, ARG, Kk, WA KL
TERMSAR, LRSI K.

Q)E 3 o T8 T A ) A AN L
RN AR THIRE RS . %ZRRIEEARAEN
AR AT, BRI AR —ME . BE A
TR Z RGN T AR R R BN SR T 1AL
BRANR] . an, %50 H 08 R K 5L EEPAK)
FHRE TN R A B T A BRI HAE, FFa] DAoxT

RGN LI #ATAE G TSN I E 5T
NN R Gt SiZlia s . ZRRILHES
T GISZ A4 @ S HUFN 48 7 Hr BBk, fe e i ik
ITEMIE R 20 R, ST R g .
W, Z ARG REARYE JF A 1 A2 R V8 B T SRS U
MIBIFR 2, FRAEH s A0 23 F)
AN F] BB R R IBIFE B K/, A8 TR A B ] 1Y
X DR P A S A R TG () 5 [ A SR AT B T
MR, ZRFHATAMRIE S5 N GEH, #5
INREAR K A I i, AMTREe ek & s
WS DURE s PR AR ST WIS 2, FTERAEMZ M
FAEZSAE R IV RS, XA RT3 i s U 2 SR
7], $Em AR ERY BRI S 5.
34 IMBEALRMER

TR Hb 1 A ) 22 RV SN I B FR 55 AN
SR P K 2 AR e LA 3 [F) St AR 4 5t SR
W53 T2, #5HF 8 /N A7 B FLB A ) e I A
mTZ25 AN RnZ, NEEH et bl —Suh T
JE (8] G0 SR BRI () B A 2 7 925 i i Rn Ak 3
77 EE), Do I H 4K 5L 2 (8] (VA B A IRy
B BUHHARRBERFRIREW, 750 2 HHEF
WIFAER, RIEFAMAEHIRAT S G . FFHI2 il
FEON T R 2 AR A I SRR 5T, A AN T
HAFATLS . FERSUH, HFF/INH R I E HI R
—ER) AR, T E St R A i) gk
Tihe. PR AR R ik . SRIEEPAYRH L]
FITXIH E S0, Wr B E 2H R 5 ) T
VEICAR, M B T P S it R R 155 1 o

4 JEEXHEHEVZFEBEMNNESS
HEEX

B2 AR BT 6 % 22 8 S A6 58 K Hh 1)
A2 REE MR 45, (H R L0 A 4T R G
e S, I HRAESHE SR TN E,
s D800 XoF T B N ST B I AR ) 2 R I
WA EEANME. BN, KR 2 Ak
X, fbimK EEHEN W, W T KA. B
IR MR BAI S &, SR TR ) E AR
B, ZAESREMEMEGE TR, Akis Y S BUSHIL
BHESIYIREVE R AT B ERAE, MokhEE A
SR, BAELTG B E A X, X AP AR
TR f2 (Schock et al., 2014). 1% 5t 45 AR BUR B
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WINYIEES PRl AT k=g

I E 4 e A B T B AR — L 5 ) B A
B EA . WP = (Phragmites australis)TEIL3E AN
B, Hmtkm . ARKEENGE, . mHEme
o, REME TG A A ) A A A R, R R
b 5 A A B 1 ™ AR o I AR A e A
TN, FOEETEVFZ M XA B R R ik, X5
KA 7K AT 1 45 282 B A RN = 6 K AR & B TR AR R
(Tulbure & Johnston, 2010). 4 T #7261 & 4,
BUMES T TN T RERIM ), RICT 2 M5,
WGP ER ] XIEL KBS, HRUIRA 7> FAE,
[FFE, M WAk oy 48 At A R A (0 8 & R H8,
Cygnus olor) FIWil f& L 37 ¥ M (40 V) B8, Cirsium
pitcher) I RESAS TR TIRIFHISRE, W TASY
EPEAHEEEH.

5 JEEXKEIEH A 4% HE M SN 5 R AT
EZH N TR B 7=

E R IR+ EE, SEARE
835.15x10* ha. 7 M & KW, FREIT40%171 R
T T I % ol g Jle, 8 b 2 4 (R J31) A2 S I b 2 858 A
SR T = AR ) B T AR B R R 52 ) T 1
(7R ERANTK B AR, 2005). B IR HA Y 2 M IR DU
W&, 38 AR 22 B I I BIOIR K T I 1 B0 [
K, TR SR AR 3, IR A ) 2 R AR
PR AR 1) LR 4E (Halse ef al., 2002; EXfE
A, 2010). HEVF 2 07H 5 03 A FEZ AL,
URBHLEARR . MR RS, MMEEE A
FIHFN TP E S, 5SS I 250 B
T 45 5 ATV AE VR A ) 2 B B I R v AR
Z I A]

VAT, A6 RIS A 2 B W
HUUNEAME S 2 4b: () IEIFE 5% E iz gt
S R, BRI AR BENLE, X R I
PREEAN 7 [A) AR S 1R 7 2 P, (S MR 45 SR B R
RENE; Q) WMFE bRk R, B9 R BLERETE
R O PR B3 1Y) — RERRAE, AH OCEUHE 5 TR AE MR
WG G)EFAMRA . Bl REEA I M 07173 W,
s RN, (BT AR/ NHZ AR S, G
PR R W AR (4)iE s S BUM AT RV 82
U, MRS RGBT BN BB R AN, AT X
TR HL 0 B s e AR R, A Bh T I E Sk —

AN

REREHAEY) 2 R SR R SR S A . B
IRIAEE. NGBS H TN, TE2ANERMZ
AR FRRAEMZ R RIRES, WY 2 ek
T B K7 1Ak, AT AR R A 2 R AR AL
HUEIRI R4 e SR SR e Rl 2 k4 . A=, BR T4
TR AE DTV 22 B, IO N 348 B P2 A b A A 5 A0
MRS KRG RN bR, IS0 R B A 5
SERBAN, AT EE Z R AR RS RSB TRE
S (FRSF4%, 2013; SKASUKARFES, 2013). BEAL,
TR K SCRRAE . IR B E AR, BE. &
KRB oA BB, 050X LR E R 1 (1) R
WA BT 2 AR A= ) 2 REME AR B AR 3R 3 )
(KBS, 2012). ARG T2 R ERIAY) 2
P 2% 110 B 2 DR GRXRE 2%, 2010), W50 Hb 2
HEBMNEES) T H R A 2 R 15
i S - b P 2R P 2 16 B

B E AR > AT Tz, AN (R I Hh 7
AWREE. EIRIREE KR I N SRR AR 2
o DRI, 7E ) 2 X 3R R 5K RUBEE 90 1 s 0 A
AR, BEEEFSLFEM WM Fe bR, OB &4
IR 1R AR PRI AT N 2 Bl T U s R A
AR R AR, — 5 TR AS [ b P 1 00 &5 R A
AR, AR TR g — R 4%, 55— J5 T RE
RN IR BN R HL IR AR ) 2 FEVE AR S IR BRI,
8 F A A I R AR TAE. B, HRH R
KM R IE, 3 KT P N E AR e, K
PN - 358 v [ 52 4 R 1 B o7 L AR s W 1
HIEIEFRA TR, 2013). AN, 676 E TG
HOHE R AN AT 73, INSRAT SN 22 18] 1 1,
TE S FP R W AR AL IR W 5 RIS AN R, IR
T8 1S A 1D X ek 2 [ 5 R 1 il v v b 2R 9 %2
RNy

Bit: R4 £ H Central Michigan University % 8 U
RGN A 697 B R B, AALE KA AL BN mR
B 898 A5 K Donald G. Uzarski# #2 #2448 % 69
Ak oAt H o
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Appendix 3 Layout of transects and quadrats for vegetation surveys within each monitoring site in Great Lakes coastal wetlands
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S, I T A A I b 7 R T 1 o K et
P, AERAEY I P25 BE 2 & A2 A8 4K (Hudon et al.,
2006; KAFEE, 2013). FHYIPE AT, R KT
B, O gy A 3N AL X H AR [X (meadow, [H]&X
WK IX) BEKAEPIX (emergent, WiV H5 73 & K
[ FIHT K ALY X (submergent, FEA)AE /K K B
F¥I)(GLCWLC, 2008; Fi3%3). H&FAN IR sk 1Y
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FEREAF RN R X P 2500 B 0B SN mx 1T mfIRE
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PR A DLl E T WA RS, Aot dg Al
T )78 o5 B LA R L 2 BEFAR A E, s/ METT
R pT . RIEAHLZ IR LR A )
T o 55 . NR WS RO, M
(FESEIN TG S AL EPS UV S S = G N RS
Ao KA RGN A, R AR U B M T BE A
BB T, RS R AE T MU (Trebitz &
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B, AN R ENOSR PR AL E . KANRTRAR, I
X BEH AT KAIP M I, WL R RS K
#,
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SRR G AR AR R, XA A A BURK, JE R A1)
B i FR7n IS #E(Burton et al., 1999; Cooper et al.,
2006) o Wik HbJEA I AES) ) (R VR 2 R 5 AR A 2R Y
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AN A IS 2 DX 3 P SR 3 000 TR VG I ME B R
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R m)B KRR R 1K, H5-101K,
{F RS HEADIE R o AE K A e W e,
WA R REA R R FIAS eI L X LI sh 4, 48
WY (1) Y 2R R A e SR R, Y A Bl A

Methods of monitoring five biological groups in Great Lakes coastal wetlands

JK, BLIKAS em x 5 emJ BNk A T HITREE
PIFE i BRAESRE — 85, P A B3 S I vk
PEHIRRE SR EE, BIZE1A/30 min (2 A/15 min. 3 A/10
min, PUHSSHE) I 8] P9 58 OBURE . TR G
HESIRTE R /N ZE AR K, PR TG K B 5. 75 5 ¢
R, AT RGN ERE I 22, WA 24
5 cm x 5 emf)/NITRIE FLUE A BEEBE R T —
INTTHE o IRAC A MES AL i DR AE AR5 %o IR A o,
FESER i RS, AN A C T HES) ) % e
B, B E R R R Rl

R, Wi Er 2 AR, WA, 5~
YR FRI37 T, T M PR 55 5 8 xR P 9 M A e 1) £ 2K
A B (Uzarski et al., 2005). 21 A2
PR R X HEAT, R A N B3 ZE AR gl 2 7Y
DX B N B 3K AR 0 W (fyke net; [ 5%4), KEE3
Uy AR b, A B 25> 20 m. A (1) JF 1
LT IF R (7K $8 55 e b 2 TR PR e, £0 238 AT el 1)
A 1 S N e 1 i s TS el Y S - AN
o OXRER IR IR STIE A s AR B 2K T
1 4 e B R R, U A AR KR 0.2-1 miff) X 3%
W RFE o

KASAO W (1 RUR R G EN N, AHEE 2 )
TRMEH R, 3X 55 0 W I 4 (1) W T FH 45 A8 A DR (B 5%
4y, KA 5y NS BT IS RS T
IR, 515 M 53k 4505k 11, R
Ui 1) F R 7K S8 ) £ 5 5 VR 5 5 Ui N R 19
AR A 34 SRR ), A A —AN T AR 25
Py i 1 BE NN — AN SRR 4, R R R i
M B AR R, T RN, EATR A RE R
B, WA REME AR N E A, M
(1) A Bty S0 40 R, 000 e HH KT, Ik T A
1 £ 55 TV A I R K o AR SR I B 0 N Y S
SR,

0 0 LR K HORCE S (2912 hy o WIS, 3
N B GE Tl SR A PP L B4 AR A8 B (48
BRAE), ML, RG0SR Rl A (1 2
N2, MELLAE RGN IA) PN 58 vt 25, i KBl oF 4K
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Miz2 dEEXHIT M8 TR IEIEE(F-1B1) A S R R (Uzarski et al., 2005)
Appendix 2 Preliminary fish-based index of biotic integrity (F-IBI) metrics for Great Lakes coastal wetlands (Uzarski et al., 2005)

F5 ZH I3 hRHE Scores

No. Metrics 0 3 5 7

1 PSR 19 i B (S 40 <10 10-30 >30 -
Mean catch per net-night

2 SRR <5 5-10 11-14 > 14
Total species richness

3 S| B Nawk WL N =] >12% 7-12% <7% -
Percent non-native richness

4 e 0 0 L) >70% 50-70% <50% -
Percent omnivore abundance

5 i fr LA R ) <15% 15-25% >25% -
Percent piscivore richness

6 ik HoR Le ) <20% 20-30% >30% -
Percent insectivore abundance

7 Hupr PEERL o EE L) <1% 1-2% >2% -
Percent insectivorous Cyprinidae abundance

8 PR f A2 L) <60% 60-70% >70% -
Percent carnivore richness

9 PS4 5 9 4 9 11 6 6 3 0 > 0-04 > 04 -
White sucker (Catostomus commersoni) mean catch per net-night

10 5 5 ) L 63K 0 > 03 =3 -
Black bullhead (Ictalurus melas) mean catch per net-night

1" SR A5 2 B 0 >0-4 >4 -
Rock bass (Ambloplites rupestris) mean catch per net-night

12 VIR I 2K G i 6 >11 -1 <1 -
Alewife (Alosa pseudoharengus) mean catch per net-night

13 ST UG A 1 /) 1 BB (g 0 >0-5 >5 -
Smallmouth bass (Micropterus dolomieu) mean catch per net-night

14 ST WG A 199 I 2 55 I g 1 v 3R 0 >0-5 >5 -

Pugnose shiner (Notropis anogenus) mean catch per net-night
TR B RN O £ S O I AL S RN G5 A AT B OGE M, AN R R A DX I P-IBIZ HUA R AT 22 57, AR B B8 R4 X F-IBIR £ 1) 2 Uik
Z(Uzarski et al., 2005).
Since plant zone was an important variable structuring fish communities in Great Lakes coastal wetlands, F-IBls were developed separately for dif-
ferent plant zones. This table shows the F-IBI metrics for Scirpus zone (Uzarski et al., 2005).
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Appendix 3 Layout of transects and quadrats for vegetation surveys within each monitoring site in Great Lakes coastal wetlands.
Solid curves: wetland boundary; dotted curves: boundary of vegetation zones.



SEMESE, PHSCER. WRMUEMZ REME IR AR bR R RSt T R DUALSERIE L . A AEPE, 2015, (4): 527-535
http://www. biodiversity-science. net/CN/article/downloadArticleFile. do?attachType=PDF&id=10055

ol FHE A
Wetland Open water

M4 EEXMEHGRBAEDIRKRENMELZTEE. Rk B 5FEKERL.
Appendix 4 Placement of a fyke net for fish sampling in Great Lakes coastal wetlands. Dotted line: boundary between wetland and
open water.
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