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H E RAMNEE5A50apa85EahzmRAMEFES)NEZREA),ZREN
FIREZHANATEARAERKRR AR HAXNEES R FARAERA T AL
Ftz Al EARBEH AN ZHAREN, ERXRSWAXELIN, EEARETH
RAG Yz A EEREEZRTLAE—NETH REX— 2R UEM T ES AXHTT 3 #
FENMELREFRNELS DN, EFR BT 4 X KEFW(ET oL FEE JEITE KK
) AR E R E S & L 4.7 Web of Science #1 CNKI #14E £ F 4% % 2014 4 K 2 7T X
FWW KRBT 42 BEA 140 MAPC R4 R M 159 N AN W R &R EH 3 #F
] 6y AR 7 AT 3 KMk LA 7,3 AR T R Bl = U ZE R NAE UFEAELE
AREMEEREERRA , EAQNATERT A REFRAREREN 2N ERERR
INKEFYHRAAERMLEE E R (APC) RETFHMEN 1.0%0, L, F 2 K 1.0%, F 7%
% 1.3%0, JRAT £ 0.5%0, XK 31 41 1.5%0; AR EELE B & ZH(APN) BT H N 2.6%o,
Hop BEE 2k 2.4%0, F 7 % 3.6%0, JEAT 2 1.0%0, BAK5h 4 2.5%0. 5 it T R B0, FE B f 2k
Fak RATE REFWZENACEEREZR MAN FEREZR Fl, M ARE
BEMEBZAFRKENNE R X FZ RSN IREER BT ULBELERTHE, W
KB E R B AR R A A& 34 26 A vk BUA B B9 AR BUME

XA AL, BEREE; BRER EoAH

Meta-analysis of stable carbon and nitrogen isotopic enrichment factors for aquatic animals.
GUO Liang, SUN Cui-ping, REN Wei-zheng, ZHANG Jian, TANG Jian-jun, HU Liang-liang” ,
CHEN Xin ( College of Life Sciences, Zhejiang University, Hangzhou 310058, China).

Abstract ; Isotopic enrichment factor (A, the difference between the 6 value of food and a consumer
tissue) is an important parameter in using stable isotope analysis (SIA) to reconstruct diets, char-
acterize trophic relationships, elucidate patterns of resource allocation, and construct food webs.
Isotopic enrichment factor has been considered as a constancy value across a broad range of animals.
However, recent studies showed that the isotopic enrichment factor differed among various types of
animals although the magnitude of variation was not clear. Here, we conducted a meta-analysis to
synthesize and compare A”C and A”N among four types of aquatic animals ( teleosts, crustaceans,
reptiles and molluscs). We searched for papers published before 2014 on Web of Science and CNKI
using the key words “stable isotope or isotopic fractionation or fractionation factor or isotopic enrich-
ment or trophic enrichment” . Forty-two publications that contain 140 studies on A”C and 159 stud-
ies on A” N were obtained. We conducted three parallel meta-analyses by using three types of
weights (the reciprocal of variance as weights, the sample size as weights, and equal weights). The
results showed that no significant difference in A”C among different animal types (teleosts 1.0%o),
crustaceans 1.3%o, reptiles 0.5%o¢, and molluscs 1.5%o0) , while A”N values were significantly dif-

ferent (teleosts 2.4%o, crustaceans 3.6%o, reptiles 1.0%¢ and molluscs 2.5%0) .Our results sugges-
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ted that the overall mean of A”C could be used as a general enrichment factor, but A”N should be

chosen according to the type of aquatic animals in using SIA to analyze trophic relationships, pat-

terns of resource allocation and food webs.

Key words: aquatic animal; stable isotope; enrichment factor; meta-analysis.

H s S B 2 6] ik B A E TRl 2R 42
(8" C HI8"N) MMM R B LI R TRz
Z 51T (stable isotope analysis ) #R#% Z2 H v FH T35
F2HE A% (trophic ecology ) FY X2 & F 5. A G I B 5%
FFEE TP EIRCRIRD B
EEOY A =8 o IR 7 g AN T A
2L X EEE 5, 70% L) F ok A K B4 2
%%[10]‘

T [ 3 3R Z IRV PR 4 R 2280k 2 R A= ) B v it
P B AR PR 5, A A7 7R H b 25 A [ i
SEMUNEREZS ERIZERS L T EER
DL ZTE B MR A T 9 8 A2 2800 (enrichment ) |
RIVH B S Gy (A Al v i i () 7 2R T AR
R R ERONE F P B8 C RSN K
e R TR/ N =~ VA Gk VA | Ry K =1
FRRZ A (BUH P H HA S H a2 6) i 22 E
PR E 5 28 (enrichment factor) , /] A TR EER
B e E AT 3 MO S ) R E A
BNy S A S b — YW E AR =
(B0 52) T EF AN 1 3 5 L T8 Y 25
2053 ) #5246 = 4] 7R IR 40 P T 5 sh )
SHEYNFEMmEEE".

KRR I E R, 7R &0 T AN F Y FhZ
[0 A5 ) e 2R B BULR TE — > B 7 1Y UL
P LARC R LATE 0~ 1%0, 11 APN SFEE KL
TE 3%0~4%0" "+ AE L bria A &4 Rz #1F
22 S5 AR IR A T AR M A A 3, PR 0 30 A Ay
—AMEE L, AT AR R [ 28 G A 4 2 )5
B0 Post™ SZ5 T R FAARAFE AC R APN 1%
B 0.4%0H 3.4%0 , X AN B 5 R B PR E Y
ABRI LS (AP C BTT 2504 1.3%0,A°N 1) J5 20
0.98%o) , {HL4)" 1z #1 T H].

SR, TEAR 2248 000 B AN [m) A ) 22 [] 46 R B0
22 R AN BE R TR S b Z ALY, e AR R A R/
FEGHN B 1 0 A B HE B PR AN B WA A Y
w2 S R B RNR AR %, EE SR
AAH A G, ¥ K 3 o & 1y A4k A S 1k i o7
2 R B A R R R Y R B s o 2k
L AR BYER MEKE CEFRIR

SR ZA T P (R HSE LB H AT T
HE R FERROE PR R 3R A3 AT s, 1 58 40 25 3
BERPTANIEZ RN EME E RN E S
ANTR2U Ol WA R R I 9T AR R G sk B o
T8 ) e AR 2R, DT B O A b A3 AT A W G B R TR
B TR,

HEE53HT (meta-analysis ) A& —Ff X 24>l 57 3K
et BT LA E R GT2Erk BA
M B3k ST AT 45 5 9 28 8 — A~ HA AU 3500
1 (effect size) , FFAEXT RN AE FEAT B T4 B B9 1 7
ORI 5 [R] 158 25 R 5% N B 15 22 1 2% TR AE S TS Al
Z A IR AT DA A B LG 2 Rk T B LR R 4
R ARG RES o Wit 2R ST i 58 24 B4 il g
A R ATH SO0 A, (H 2 B Hoge 105 i
()4 R B 40 R 22 mT DL AN WL (i an A 22
FEPE a8t 15 32 I I R 55 ) A S 80N AE AT O
B Vanderklift 221 %8 78 2001 4F {4 4 50 #r
a2 g h AU S R AU A ok I i
Ol AL BE 0 Hedges® d VRSOV, I8E T K&
IBFFEAE R (LG 528 AL S Ak A4 )) 3
FEE MR R R 58 215 & H ™48 1 & 40 Bt
KA AERXZFAEZH X T HE R
(ST S B 2 4, A FRATTF R 2 A
SrHTERAIL T AT fE.

ARSCUIAK A S AR 4 48 2R B 4R RO
ISR, SR SCHR v e 2 2R BUELAE A 3800 (8 A 7
BT A SO B i LK AR St 5 6 G AT
XK, AR Z [ s 5 R BN 25 DI KR
S E IR AT 8 TR B e DB W M S5 41
Mréspt s S At — N B I 1) 5 4R REU S5

1 MRFAE

L1 SCHE R S HRE TR

ARSI K 1 K Z A Web of Science %14 &
(http : //www.webofknowledge.com/wos ) . = 8 5 B 1]
A “stable isotope OR isotopic fractionation OR enrich-
ment factor OR isotopic enrichment OR trophic enrich-
ment” K5 ZRAFFR A 2008—2014 4F RS EAESE J5 7] K
Ecology . Marine Freshwater Biology, Oceanography .
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Environmental Sciences . Fisheries, & ¥ 2 3] 3¢ #k
3666 .

KRt — 2D bR 1 < 1) STHR 5 2830 e 2]
CEL N aE £ REG2) SCE & DT 45 2
YRS EPAR XA AP C B APN HEAR
bR v 22 bR MR,

[F) — i SCHR TP R BT A5 L0 2 AH B
SERIBIESE 1) I R W] — B Y ey 2 AW A 2)

x1 BASWEERER

Table 1 Data sources in meta-analysis

JE [F] — Py O AN R B 90 5 3) I [R]— P b 5 AN [A)
HLTRAL AT LAEMBIE 2 I 45 28 AT HI &1
1B HE AL A GetData Graph Digitizer version 2.24

i L E 5 5 2 ROk 20 L 4545 Caut
SELOVRN Vanderklif 455 XTI AR B R, 2
BRAT 37 G SCHk, 7 AU C RN AN AR I 155
Y SCHE 17 HhSCBdE (R ).

4 Bz IR S CEE 10 15 Z:7% 3Lk
Species Type Sampling tissue Enrichment factor Duration (d) Reference
LT S e Salvelinus namaycush 1 KI5 Unspecified ABC , A 5N - [18]
WT 6% Oncorhynchus mykiss I FKHE M Unspecified ABC, APN - [29]
FINLL i fE Salmo fontinalis I AFE B Unspecified ABC, APN - [29]
LABEEHN Nihonotrypaea japonica I LA N4 B 4H 21 Muscle and whole body ABC LA N - [30]
P& FCHIZERR N, harmandi I LA A4 B 4H 28 Muscle and whole body ABC LA 15y - [30]
U WA ) Mactra veneriformis v WL Fi 4 B 2021 Muscle and whole body ABC, APN - [30]
AEHE=INAT Ruditapes philippinarum v AL A4 5 4147 Muscle and whole body ABC, APN - [30]
2396314, Chelonia mydas 1 ML, e AN A Blood , skin and scute ABC , A N 232 [31]
JLYHE SR Litopenaeus vannamei I 4B {2 Whole body ABC 9 [32]
FLENTEFTUF L. vannamei I LA Muscle APN 21 [33]
KVGFE Salmo salar 1 HLA Muscle ABC, APN - [34]
FLEIEE: Poecilia reticulate 1 2 B2 Whole body ABC , A BN 64 [35]
WM Callinectes sapidus I} 4 B 241 Whole body ABC, ABN - [36]
K4 Crassostrea gigas v WILIAl Muscle ABC, APN 90 [37]
FLAEESTER L. vannamei | 4By 20 Whole body ABC LA N 28 [38]
NLNESTER L. vannamei I LA Muscle ABC , A 5N 29 [39]
Je X Bk Oreochromis niloticus | 4 B 2041 Whole body ABC, APN 56 [40]
i f5 Cyprinus carpio I 2 B0 21 Whole body ABC, APN 56 [41]
I3 HH il Prerygoplichthys disjunctivus 1 1.3 FfE Blood and fin ABC LA BN 203 [42]
HEUR Mysis mixta I 4B {2 Whole body ABC , A BN - [43]
WIZT p B, S, namaycush | LAl Muscle ABC, APN 136 [44]
Episesarma singaporense I} AL Muscle ABC, APN 90 [45]
E. versicolor I LA Muscle ABC , A BN 90 [45]
Fi B i Coregonus nasus | AL Muscle ABC, APN 146 [46]
#B4H] Anguilla japonica | L JFEREAIARFE W] Muscle, liver and un-  A*C, ASN 540 [47]
specified
H AL IRIR Assiminea japonica v 2 B0 21 Whole body ABC, APN 68 [48]
AL Angustassiminea castanea I\% 4B 1 41 Whole body ABC , ABN 68 [48]
5140 Fundulus heteroclitus 1 HFIE Liver APN - [49]
TLUGEIR T 1 Portunus pelagicus | LAl Muscle ABC, APN 56 [50]
WT 8 0. Mykiss 1 WA | JFFIUE A1 4> B 2H 21 Muscle, liver and  ABC, AN 120 [51]
whole body
WS 0. mykiss 1 HLA Muscle ABC - [52]
LRG0, C. mydas I Ifil. ¥ Blood ABC, ABN 619 [53]
1% B2 8, Dermochelys coriacea I IR AT K Blood and skin ABC, APN 424 [54]
5 MR Jasus edwardsit I 1fiL¥& LA Bloodandmuscle ABC, APN 234 [55]
VU 2215 Parapercis colias 1 G AU HERKIEH Whole body,fin and  AC, AN 234 [55]
unspecified
L8 Lateolabrax japonicas | LA BERFTFAE Muscle, fin and liver ABC, APN 100 [56]
M85 Dicentrarchusl abrax | LA, CREFIHFAE Muscle, heart and liver AN 730 [57]
KVGHEE S, salar 1 WL FUFIE Muscle and liver ABC, APN 315 [58]
AR Neomysis intermedia | 4By 4 Whole body APN - [59]
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Table 1 Continued
4 S| HUREZH HERK IR 225 ik
Species Type Sampling tissue Enrichment factor Duration (d) Reference
b7y 15 68 AR 1 Thunnus thynnus LA Muscle ABC, APN 90 [60]
b T7iEEESAB 10 T, thynnus I FFHE Liver ABC, APN - [61]
H 8% Hypophthalmichthys molitrix | AL Muscle ABC, APN 150 [62]
44 Crenopharyngodon idellus I AL RS Muscle, liver and gill APN 90 [63]
KA C. gigas \Y WL Fi 42 B 221 Muscle and whole body ABC, ABN 33 [64]
LI Pagrosomus major | 4 B 2141 Whole body ABC, APN 160 [65]
¥ Paralichthys olivaceus | B2 Whole body ABC, APN 160 [65]
SRR Sparus macrocephalus | 2B 21 Whole body ABC, ABN 160 [65]
#ifh L. japonicas | LAl Muscle ABC 22 [66]
fig 4 Engraulis japonicas I WLA Muscle ABN 180 [67]
IRARR Liza soiuy I LA Muscle ABC, APN - [68]
=BT P. writuberculatus I WLA Muscle ABC, ABN - [68]
BEIEIE Upogebia sp. I LA Muscle ABC, ABN - [68]
ZE W i Rachycentron canadum I WL Fi 4 B 2121 Muscle and whole body ABC, ABN 40 [69]
FAEYE Turbo cornutus v AL Muscle ABC, ABN 18 [70]

I . B £ Teleosts; II . H 53 Crustaceans; II: €472 Reptiles; IV . A ZE Molluscs. T [d] The same below. —: J& SCH B 45 Hi 4035 No data in

the reference.

AT AE CNKI 04 % (http . //www. enki. net)
Xt R SCOSCHRIEA T TR 2R G A O < [l 3 B
CEAER T R FA R R R SRR A B
SRS RBRGE ARG SRS 38 e SR (HH 4 K
2R SRR R G, 0 5 R
BOCHR S B, L3 AR C RN APN AR 3L 17 A
(E1).
L2 SEitortr

K SCHRAF 8 M AS ) AP C AP N A A 800 .
RN AE B 135 R 3 ROk 1) RASCEk
APC 5 APN ¥{H 5 22 (B 705 ) B EIEE
B 52) ISCHRHT AP C 80 APN BEAR AR N AL 3)
AHAEACE (R R4 (A A B 45158 1) A RiTR
PR E T S8 )7 22 B0/ N s R A B BOR A 3R
TSSOV AR A R A, X A A A A TR K
PARL b HEAR K.

BE Ty 22 Al DL A

Vi = SDJ.z/nJ.
Rl X ACEH AR BB (A" C 3 APN)
SD.? ARFRIZMEAR M T7 25 5 n ARERIZFEAR Y REA 1 X
P 22 B AR 1 SCHR , 55 T A7 24 {8742 S 5 B00 [ 1Y
B R ARG R

2 s,
55

i

SD. =X,

J J

R X, FOR A (AT C B AUN) (kD

1 SD HY SVES X TR A R e A SR TR AEL R e/
FEAHE 3.

T AT AR K A s 2 B 2 ) i A, AT
BT SN AE VT8R4 21 . A .25 (teleosts) | FH 7%
2% (crustaceans) J€FTE (reptiles) FIHAK B ( mol-
luscs) , R FHBENL /3 2B R 3547 38 4 9 #r. o A i ik
A7 ARG 95 R L R s DA 36, 530 o S i S el T AR
PREHIE AN BE TS 2 EAS 23 A (R B0AE ELAS [R] 4320 22 [8] 4K
Pt 22 BOR, B A 7 B R FHHE 2402 (resampling
methods ) , B & BUREIRECA 4999 YK R H Bootstrapping
THIA 95% A5 X (8], I 38 2o 1 HEAS 31 TC O il T ( bias
confidence interval ) .2% ] Randomization test(a=0.05)
OB T AT 0 2H ) 22 S ) S TP 70 22 ) Y
25 BEM R ARG EES AW

BT AT 7E Metawin 2.0 HifEAT. K1 ZR 2 %
Microsoft Excel 2010.

2 ERENH

2.1 EE R R RS A RO LS 43 A
AT FERE A0 28 BTN 42, AH O SCHiR 24
T (5 55%) , HAROE #2212 75 (5 27%) , 54k )
Y15 Ra(h 11%) , IFF 2R F 5T e /0 A0 3 (5
T%) ($2 1) . AR 2R 5 £ R BCEE = (159 45K
i) = R R 2 (140 N ) T8 5 R 500w
() SN LT 2R AL, BRER 43 SCHR A B A 32
AT DA R OFR2E AL 432 i JILPA 68 | ik | df
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Fig.1
different types of aquatic animals.

I . B i Teleosts; I . 5T Crustaceans; . JEFT2E Reptiles;
IV . #4& 2 Molluscs. T [A] The same below. a) IfiL& Blood; b) LA
Muscle; ¢) fafE Fin; d) FEJIK Skin; e) 8 F Scute; f) 2B 404
Whole body; g) FFE Liver; h) #f Gill; i) 0 Heart; j) AFEEH Un-
specified.

A A B A I SRR AR (A ) A LR R
FERIEEXTSR /5105 T AP C AT AN 5 &2 11
34.9% 1 44.6% UL L RIZ Y AL RA — & 1 AH
Kotk B S R L 2R R e o F A6 T BR
Bk 5% R LSR8 i 20 ) T 5828 ) BORE .40
G THELLIRE L 21 (O T B8 | 7 ik 85 ) LA
SR T A A T2 B HURE 20 2 UUR BRAE IR |
JR NS L AR S S e PR — 1 A 4
BHZURALA.

2.2 ARERMREERE(ARC)

Enrichment factors among different types of tissues and

R2 AEKEWEE APC B Bias EfSX 8]
Table 2 Bias confidence intervals of A C among different
types of aquatic animals ( %o)

Al A B C
Type

1 0.5~1.4 0.6~1.5 0.6~1.5
| 0.7~1.9 0.5~2.3 0.5~2.2
1 -0.1~1.0 -0.1~1.0 -0.1~1.0
v -0.7~3.2 -0.6~3.1 -0.7~3.1
\% 0.7~1.4 0.7~1.5 0.7~1.5

A H{E T Z BB B E Weighted by the reciprocal of variance; B; Ff
AHE WAL E Weighted by sampling size; C; HZHLHE Weighted equally.
V. i % All data. [ The same below.

VIBHE 7 2 B EUVE WA ) 8 & i 45 2R
IRGAPC BRI 1.1%0 (B 2A) Jorr, i fa
FAPC A 1.0%0; FHEHE 1.3%0; TFTIE 0.5%0; 1
KB 1.5%0.4 TR Z[H] AVC ZHABE (P
>0.05).

AP C DIFEA AR B 23 B i) BB E R
1.1%0( & 2B) Hrp . A B .25 1.0%0; H 5225 1.4%0;
&AT2 0.5%0 ; ARSI 1.4%0.4 Fh2ERIZ [W] Y AV C
ZRAREE(P>0.05).

A E R E T ,APC SR E R 1.1%0
(F2C) Hd BB 25 1.0%0; T 752 1.4%0; 81T
25 0.5%0; FART Y 1.4%0. 5 1 B FP 23 B 45 SR AR,
FHEALE (B E T 4 FpERIZ [ AV C 257 B3
(P<0.05).

M2 ATLIE 3 PR E IR B AP C Bk
YR AR DX R 5 2 23 501 A 0.7%0 ( F4IE 7 25581 81
AL ) [0.8%0 (FEASTEAE AL ) Fll 0.8%0 (FHAEAL
) I{E 7 2 BB E N AR 1 2 B B 45 X Rl
Filf/IN, b FRULEE /N T 5y A A e 7 i T
ARSI AN [R) SCHRHE (B A8 S A, VA3
(A DX R R 4 FhoK AR s R i K ).

4 A B rC
L 14 15
3 14 15
32 32
g 2 32 F
S e 139 6 139 |76 140
F ORI N1 0 U IR AR B AR O
\ I |
-1 L , N N o , o
1 I m v vV 1 i m v vV 1 | m v v
7k AR Type of aquatic animal

B2 RFEAKAEEER A®CFH{H+Bias BZ X E])

Fig.2 A"C of different types of aquatic animals ( mean+Bias CI).

A BIE T 2 EBCHALE Weighted by the reciprocal of variance; B: FEAH AU Weighted by sampling size; C: FH5EAE Weighted equally. V .
B 8E All data. I 55070 ER 4 N EE i The number of A C within each type is above the bar. F[R] The same below.
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STA (B 54 [C 54
4 T 14 } 14 L I 14
_ 159 159
g3 158 L
z B $ o E T
<2 7 1 17 T 17
! I | 1
C 1 @m v viI_@§1_ W N~ VI 1 m N V
K4 34258 Type of aquatic animal
B3 REZARAESIHERE APNEE{E+Bias BFXH)
Fig.3 A"N of different types of aquatic animals (mean+Bias CI).
2.3 ARERGREERE(APN) 3 oW ®
VLIS J5 22 IRV AL 1 8 5 O3 T 245 21 8
7 APN B ERISMEN 2.6%0 (P 3A) v . fifi 1 £ BERWT s TASRGE B EEME SR
FM APN 2 2.4%0; H 5T 3.6%0; TCATHE 1.0%0; 5K DAHICHYSE S0 AT, (EAE 52 Bz FH P XA ) AR S &R

RSN 2.5%0.4 FIRAIZ [RIH) APN 225 8% (P<
0.05).

DIREAS AR AL I, AP N BRSS9 (E A
2. 7%0( & 3B) . Ho Al 112 2.4%0; F 57535 3. 9%o;
J&AT2 1.0%0; BAKGNY) 2.5%0.4 R Z [A] ) AP N
Z5 3 (P<0.05).

FHEAY TR A BEE T, AN SRS HME K 2.8%0
(1 3C) Hirr, B a2 2.4%0; F 5525 3.9%0; IBFT
%5 1.0%o0; AR 2.6%0.4 T Z (6] 1Y APN 225
8.3 (P<0.05).

163 FhARTRIBGEBEE T, AN Al S 21 B
{5 DX 18] 5 3 43 591 A 0. 6%o ( Y94 5 22 81 B0HE Jy R
) \0.7%c( FEAS SAE AL ) Fl1 0.7%0 (FHAFANE )
MBS X (£ 3). 5 AP C 45 R my S =, ¥ME
J5 22 BB E AL TR 1) 43 BT T A5 845 DX B 98 LR/
T BRI N R AN 1 X T AR [ 2R
2 () AR sl 115 DX ok

HRAE {5 X A2 5 & AW, e AN 3%
KT, MeFr2E ABN W2/ T8 8 02k
(E3).

%3 AREAEHWER AN i) Bias BEX
Table 3 Bias confidence intervals of AN among different
types of aquatic animals ( %o)

Al A B C
Type

I 2.0~2.7 2.0~2.7 2.0~2.8
I 3.0~4.2 3.2~4.6 3.2~4.6
m 0.5~1.5 0.5~1.5 0.5~1.5
v 1.2~3.9 1.3~3.9 1.3~3.9
v 2.3~29 2.4~3.1 2.4~3.1

G FUAS TR A W AT SR At X 1 1 ) 2 A2 3R 22 44
WL S Tt L SR e RS R 1 0 6 1 e
IHEHE A A2 35 Caut %50 G231, 60% LA L A5
SIRTIE TR ) Al A R R 4 4B AR, X
FRIGOLT | & 48 R 502 50 (8 ARG 1 M R AR 28 2 b 21
ZRNEA, B H NG 25 57 0] BE 2 S BUM T 45
E K25 AT 3 FoRTE D7 AR % e
AEN AR ARC AR 1.04%0 ~ 1.05%0, i 15 T
Peterson 251" 2z 3 23 #7452 19 S ¥ {H (0. 2%o0) |
Vander Zanden 25" 25 3R 2y 7 1% 3| #9 F ¥ {4
(0. 5%0) Fl Post' ¥ LR 43 Hr 15 5 AY-F- {4 (0. 4%0) |
145 Vander Zanden %518 £25R 504 vh S bk B 5h 4
JE A5 BN T (0.8%0) 35 R 3.3 BN TR] 5 =X 1Y
W ES R AN B{E R 2.4%0 ~2.6%0, i
ZEARTEE IR 3. 4% 2 Fl Peterson 2511 25238
V-S4 3.2%0, A 125 Vanderklift £ #5543 #r
2 F 2. 5%0"*" L & Vander Zanden 2518 255484547
FFEN 2.9%0 ™ B A 1 3 2 57 AN R 25 R F 58 45
AR 22 5% | AT BB 5 T S v 1 A= 4 b S AL EL AR 5k
P WA R 56, 26 W & 48 R B0 AR ) 2 [e) A7 Bk
H R ARGV SRR KA A R DG 5T, o
Brad R B B AR k.

R 72 4 2 500738 S R A8 SR VR B4 SCRATE 4%
fR/0  Vander Zanden 251" 56 Tk B4 8 RS mY 4
WHEH AR C FTAPN 78 O TCE HEsh ) 2 7] 3%
A REMES Caut 5 LREW FEWIL Y | S
H MR EHESIY 2, A B B EHER
fHAPN B4 BETEZE RS Caut VR, AR
WEFANE XK A= 84, I & IAE A TR K A= 3l P 2k
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T R (B fo | 5228 RATS IR 3 ) ,AV C
WA BFEEZER(P>0.05), 1M AN B B &2
SE(P<0.05). H5e280) AN ok, & K Th g fa
FEMNCFTE, MNCFTZM AN Fe/, i 35 /N Thf
TN 523X 4 FhoK A AR YR B 3 AU 3
TR S, Az 4 22 1) ELAA 1 R A0 451 n 2B 5% (6]
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