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Common Errors in Qualitative and Quantitative Data Analysis
in Zoological Research

HU Bao-Wen®®
(@ Xinjiang Institute of Ecology and Geography , Chinese Academy of Sciences , Urumgi 830011;
@ Graduate University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Choosing right statistical method is a key point to improve quality and credibility of scientific research.
However, some methods used by biologists are often unreasonable or even incorrect. For instance, the normality and
homogeneity of variance are often neglected in the ¢-test or Single-Factor Analysis of Variance.Two sample ¢ tests are
often employed to address the difference between multiple levels in one factor.The Pearson’s x2 has been frequently
adopted in the contingency table, but inappropriate analyses and inferences are very common. Five examples from the
wildlife literatures are used to illustrate the above questions.
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AT FHEENESARITEREN &
SEEF,ERRNRIT T ER BRI E
i, REBEMM . — RAEERHAEGHE
AT RS R R WETR & B, ZEiEfT
BMARITERTR N - R, HBHEEZKFE
ERFERM L Z00, A E BT P RLE
BUAZ B ETARM Y s & 4 B YOR 0 5E
AR BT LR A IE 25 00 A7 s il — I R & K4
B R E B RORH B BT X R B SR T 2548
SRR = IE B HEAT B YR BT A
LM SE R R TER A, i fE B E R AKR R
HERFBRRKBE T -RE)EBESWTE
HEZKFRITEHTR, XS INLE—%
I‘félkij%(type I enor)%%%,aﬂﬁ@/ﬁ\%%%zk
TGP H# B ERAHBERAAESEITEREX
25, TS B0ES 0 R AT S8t R R BEARN -
1.2 EHEHP_SEINBERIHT SRR
B B 43 BT (R A BE SR IR W K T S8 3 O 1k O R 42
FMHMELEAER, — T EEBER, &%
SPRHIE R — 8 A Pearson y’ K., &K
B—BHATRE _HIKRPE T ERTRZ
VB 2 5 2 ST, R O T R AR B 2 ST MG
(test of independence ) B oG B P 8 30 (test of
association) ; 4 B, FH T K 38 5 B I i B4R 43 1

SREMBER SN ZE MY S EE, etz
AP AL E K B (goodness of fit test for
distribution) 5% 3& & 1 K % ( compatibility test) o
HE ¥ F A FH BT 4214, Cochran 1 Snedecor
FWRT PN R P E Pearson " KK
AR AT . Q) EBHENT 5 8T8
TR T SEH 15, QBRE—-TETHY
BEAT 1, B)BHEABARE/PNT 20, BEE
BAE 20 ~ 40 Z [A] i ZOR BA /NT 5 BB 55
B, BSCEFE  WRE 2x2 WIIKER, B
5 Yate 15 1E 50R FH 2% BORME B8 KL 30 (Fisher s
exact test) , AW R R H SRR —RATEMSA
Yate 12 1E, A N & 56 & B B B R & 3 vt
RH AR . =, FIB R YT RE A
FHN2x2HKRxCE2xCERE Rx2 RMF
BRI KR (RARIIBEEMTH . CAE
FIBRIFIE ) o BHYTR AT 5 HiF £
HHBEE, A ARE R E R E T LUE
FH Pearson Xz ﬁyﬁ,ﬁﬂﬁﬂuﬁﬁﬁﬁﬁ,ﬁﬂﬁﬂlﬂ
FARE LK B R Rk AR Tk

2 REISHH

2.1 EEHH

2.1.1 £ 57 F 18 5 B 8 ( Gymnocypris
praewalskii ) L P B 37 1R 4> OB 55 T 46 B W
ET6NAEMXEENHEEINANEEER
B4 o b BN [R) M (X 7 e W AR A 1 L P B 3R
/iR, RAMGEH % FEN R, BarEE
BIERE 1,

F1 TAMEEEHREETEEFHNS (n =10, Mean = SD, % EHE)
Table 1 Nutritional components of Gymnocypris przewalskii in different river (% Fresh)

X b HER B b &4

Bk 76.51 £ 1.35 18.87 £ 0.71 3.37+0.79 1.42£0.11
g aa) 78.74 £ 0.56 17.88 + 0.54 2.26 £0.35 1.47£0.10
IR 3 78.80  0.87 18.32+0.38 1.59 +0.01 1.44+0.06
RO 79.66 £ 0.31 17.26 £ 0.11 1.51+0.53 1.52+0.03
A W ¥ 78.37 £0.33 18.22+0.27 1.85+0.07 1.61+0.13
REW 80.00+1.10 17.55+0.54 1.30£0.17 1.42£0.09
TRER 1.55 3.28 35.22 5.09
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FHRRERZKFRITHERR, 2R 65 5E
WIS ERME T EFHEMRTR AT, N
e PR A X RL 8 7 25 40 47 (H O 22 50 4 RO BB HEMT
BEHREATARY BB BZRZETHEE,
AR THREMALMKYBZRNENRERE
MIGE T2 B 30, W B R A B E ) £ E B
(multiple comparisons) . X L MEARB B E
BHITHHR RN AR, SRS —
RKERMMR, KGR FER, ERHEN
43 M B BT HR A5 4 R 0 R, U T SR AH T A9 R
SR SR AT A
2.1.2 FE—TBFSE 5 0 £ 28 7 B0 g X & 0
RN R O B B TS R R EE
1 2 RN E SN LB BE AT 6% g £ O TE A T A AT

LRy BARNL B, $k M 65 A O 7E T AR AR A 4
M, TN BEHNLREN 6 Ff R B,
BRI R E - RRE - RFHDH
BT, SRR AW, L% 12 e,
BRE BB [FIBT R 6 ~ 10 X B F ) 1 8%
% ( Rhodeus ocellatus )& [7) [ 4 — B A K K56
oLSEE SN 34, FIWER 6 d(SEE 1 ISR
2)F1 3 d(ZE488 3) ARG il &) X 4% Ir: R o % gt £
R EF ARG . SLRATIEENEREIERA A
BREFAERIERN Y, BEAWNFENIZHOH
F e  AGRNEEMASM R LA -
B, BT P E BB TT E 4.
[m] 4 BT A1 A 4 T 6% £ 28 7 B0 AL B A BUIE
WLEBRSEITFER c B EST. B
BAER, AP HERNLRNER(E2.3).
WA ()RR KB AW IR . RITR LR
HRAELAWNFENENL, FEANKIEN, T

R2 ENRGTEYRMHRATEL AEBHRBILE
Table 2 The comparison of Bitterling’s egg found in the left and right gills {indoor experiments)

LH— L= LR=
LiER/ €4 FF & e (%) H BIR 3K BT o EE Al (% ) hiER/ €8 BT o Ll (%)
Je B4 B 6 54.5 5 45.5 5 50
A A 5 45.5 6 54.5 5 50
EEBRELE P H(r-test) 0.363 0.341 0.242

®3 ENRGTEWEFHRETEN . PHFEM TR

Table 3 The comparison of Bitterling’s egg found in the inner and outer gills (indoor experiments)

TE— TH= TE=
HIERE HFEEB(%) HERE A B(%) KB B el (%)

R 48 A 4 30.8 3 23.1 3 21.4

A IR 4 30.8 4 30.8 5 35.7

J5 4R Y 5 38.5 6 46.2 6 4.9
P& EiNG Y 1 0.898 0.164
(1-test) GNC] 14 0.823 0.420 0.475
BT E8 B 0.559 0.608 0.004

B HRYIEN 0, HE R X B A1 R RN E
HIEHE, B ARRARE-FRS, A @il F4
MR E, 0" MRREFERS., BH,
Z GORE MM BT b R UL B F B VTR (B R AR
ENREHB R E RN, EREM AR E
STES S A N SE ERBEER, U

B FRTT 22 MW e b e % i £ %ot T S SRR L P R
M EER ., XREMEAGIHHERAN K,
(WP EBARF T Z AN, HIFRAE D
HERBER, MEEES M T 4 E P55 L
B PR (K3 XBB T X ES
W REANE R AR E -G - BE P E



+ 44 - B EZRE Chinese Journal of Zoology 44 3%

R EESHEREARE T HBEENEIES
REM, B, X2 HFLE 1 LK 2 HER
5HEBHFEBURE, —HR 6 M5, H5—4HR
56, MRARMWAARME, HaitmBmEgR
PHEMNZE—HMN BX2HBEERIAR—
B, —HAXNHYNERE P{ERN0.363, 5 —4
5 0.341, HEBEBHESFHE N 6 RBRESR,
ERE—HKY PEAIFTEFHNGERE ME -
M PHEHAIFEEFTENE R, BRELRRE
ReRiTBHMEH PHE, AIHERS5EE
PIA—FE., FTUERR - B 20 M
SR, EABHENYAEmEMETEE, UE
EEMNIE T BBERNTREM IR EITES
R G)IHEE SR MR A $ETE 5 A
100 AR, B L NBHREK . KE, RAER
REEF LB LM, AR SE RS, W

BB BB BT 20, FEHEMANE, B
BB HKEIEEIETY

2.1.3 N THEEBEE( Centropus sinensis ) £
EARRP X OFBIOR™ B985 T 2005 48
SHEP R A BEEEEHT T AT, RRP
K& 3 MR, EE MR E 2 FHEL,
BELK BN 3.0 km, FUFEEH0.05 km, X
HHMG T 7% R Al ONE-WAY ANOVA # 47
ER BN, Bt ANF4F R, BFHH
BRI MEBFE—EE2R HFESHERK
EHNMEAPEES X EHEE .2 FRE, £
REBEP<0.05); EMBERE LASHLER.
EENHERSRLERAMEIER, B MEIC
PR EABERLPIT S LEAERFZRE
FrER, KFHEF 16.7% WEKIZF I,
o

R4 'FEFEXAARPREBBAMBNRASER
Table 4 Census of Crow Pheasant in Guangdong Haifeng Avian Natural Reserve, China

HE -~ *ZE £
A 3 32 13 2
RS R 3 0.50 + 0.84* 5.33+5.50° 2.17 £ 1.9448 0.3320.82%
MREE 1.67 17.78 7.22 1.11
A EERBERR LA 33.3 66.7 66.7 16.7

A BEREREE,P=0.05, A,B:Significant difference at P = 0.05 level.

WX E—NEER4KPRITHWESRE
R TR A FE B EE £ 45,
SR, A 4 FRFI KM BIENIREE R T
BWHE, ZFER T HEREMB TR RNESS
i, MERSHE, A4 N FTRREZHER
K, SAPWBEERET HE7%,FUAR
BEGE RO 24047, B R A DL B FE S B B vk
SR, AN EE AR ER LR
REBANREWBE, BILHE 6 XK, B
RREXZHA 1 FHELIERBNEPA, &R
VERELRBEE T 16.7%,

2.2 TEHEHRHM

22,1 E—THREEEENTHEH ., B
FRELMER 167 RFHE, BHATENEEK, %
EWH . REEBEKRS AR ER TS
TR . WA, A BIR 48R R

4 PR RN . FChE KNS
ENTESN. BXEL - BESRERK
KL BAEWE)E L 860 H B E B IARK
IR V3 ek A K RS A S N s B W E B
RISTR R K A B BE R
B, P<0.05,ZRAEF XEXHEKXNKRH
MG eEE ERE AEE T EARERE
WA RERIAERET . MEHAB Bk N
BRKNIRE, & RK,P<0.01,ZREE. 5
S R, XA ERAREEH T MR
ARSHB I AR IR ROTRE; A
XK6& YRRETLUES MM RERSE
BMEHP(P<0O)FHEREHZR HEHM
BY(P>0.05) KB EHER. XULHAMEN
KEAZERYEBELIXTHELER,
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Table 5 The comparison of gastric contents between different size of Rana limnocharis
BEHNAY R IRK
-3 B f i X * k-3 3
H &% ® B ¥ R % % T~ L2 g 5 g o=
(em) ¥ @ o8 # o8 # # @2 ¥ % B g gw 5 P o om o ® om
H H | g B B B B B B B oF
<3.5(27 R) 44 1 6 17 12 0 4 1 0 0 0 0 2 0 1 0 0 0 0
3.6~4.0(69 H) 111 7 9 19 40 1 8 9 0 1 3 0 3 9 1 0 1 0 0
4.1~4.5(37 H) 66 7 7 5 12 3 1 5 1 0 0 2 6 11 0 1 2 1 2
4.6~5.0(24 R) 57 2 10 6 21 2 0 4 0 0 0 0 6 2 1 0 0 2 1
5.1~5.5(10 H) 18 3 4 3 4 0 0 2 0 0 0 0 0 1 1 0 0 0 0
2 xz 6.33 4.58 17.09 6.83 0 8.74 2.12 O 0 0 5.47 11.6 0 0 0 0 0 0
6 TEEINNERENTURA SR
Table 6 The comparison of gastric contents between different sex of Rana limnocharis
BE WAL AR
= 3 Lo} P & B s ¥ % * £ 2
e E7 0 I 4 e * L)
22} i) i} # 2] # il el 2] L JicS 5 % 21 g " " 7
H E] H E] =] B E| | ] H B L1
P2 12 22 34 4 9 72 13 0 0 1 3 9 14 1 1 2 0 1
MY 8 14 16 2 4 17 8 2 1 0 0 8 9 2 0 0 3 3
Z xz 0.46 0.59 0.02 0 0.03 7.69 0.26 4.06 2.03 0.49 1.47 1.55 0.4t 1.57 0.49 0.99 6.17 3.23

AT (DRBHBH R, BOPHREH
HESN, EANRTTEARTRER; P <
0.05, NI #HBX ERNERRBEN,H
RBNERABE. (2)K 5B 5x18 KFIE
R, RO 2x18FIKK, EHWRS KK 6
RN5r R EA 2 x 2 BIFIBRFEXT LU Rl AR 4 4 51
HHEHER. ERIZE RELZR, REHK
B2 x2 WP BRRFER T {8 Pearson y K3
RIRAMF R TRBEXBEBREIIHMK. 3
HEARRZFFBREA 2 x 2 WFIBER, XHERE
TR, ANREE 2w S E R K R A
B2 7o (3) Pearson y KBTEFIEKEZ A TR
HEBMERTENXKERE, AR L
BEREREAFKFHAFR I FHEFZT R
HRITHEE L WIOKE AR R SR
WEem H E A FEE 8 IR S K
WEHEAR, FERERARZEFR THKE
RSB R, B BB LR R R, AR R

THAEKAEABEBELNXR. B0, ~H
MR E gk B0 B B B RN 6/44.9/
111.7/66.10/57 \4/18,, 3+ T B B A9 384 AL 422 o
2.2.2 FE—WEiEKZE (Buteo hemilasius) B
YA THESR", S REF W 14
NEEY 118 M EE R IEY T BEA G
%,k 3 AL BERA FEHBR. /D
e, GHER . BEVHSEEAERE
MEB(y* =22.70> you =9.21, P <0.01),
BEEYE( ¥’ =1735.71> 35, =9.21,P<
0.0NWEARBEEZER, HHHHAREERRM
HEAHRSNIHAXELERENEERY
K. BEMFIBRRE IR T(REXPHFELE
2, RESCH T RKIERE SR

BN XR—-NFETES5ERTERN2
x3MFIBRER, EXFEHAFRFRBRRNLER
YVHMBERTREYFEESHHNER . BEZEHE
FHAWREMERFFRE N RTRAY, BRI
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BUNT 5 B TROB S B4 TR 1S, B R
A Fisher ¥ 84 52 R 73 BT S B 32

x7 AEERYUNABBS LR
Table 7 The comparison of components between gastric
contents and food pellets

REH BYBE
i BERG FEER AHIZ% At
BEY 14 34 2 50
BH 59 23 2 84
&it 73 57 4

3 i ®

it ERF IS L], A T R
HEEEE, X TERREARARIT - ERMFE
TR IR R — T EF .. EMRITKEER
Bt AR AW ERRE IR 4™ %G 5
BHEH R ERERP , SHERTEZ—
BEAME, EILTHEKENBXEHETRY
ZFEROBX BT E 0T RE
W, HrE AR AT DL A AR SR —
ENMBEAREZ BT AAER X
KOS BE 2 7 2 Fr M EE MY TR
K4, BEREEZRR/MIEZRN 6.7, X0
FEERE T &%, Bt w5 BEAL, Xaf
NRFAFRN WIESBRER. Ll HEBRFH
PRESHEMT EZFENRREES T, H -
gy 2 404, IR, IR W E
RZ, & m a5 BEAR, R 8 2 B0 5 05 B 9 BT
B ARG, AT A5 BERE R 22 , TX B 5 RE 4R B AH L
ERFRMIESERE T ENESE BES
HRBESET KENER  RRIIBE KB E
KA

BT ERCRRREXTEZERR T
BT R 3, BB BRI 1R & A W —F oy
BaE T ERIANARBEFEBRAAERAN T
B, Zal MR B R I2 R A
B Tukey test (BT BB RN N BB
TR % TR, IAZEBEREE.).
Newman-Keuls test (#LFRN Q &I ¥ 8 SNK ¥
I8 %) . Duncan test( LR~ SSR ). LSD (1Y

BB EZH )Y, Carmer %™ 5| A Monte
Carlo L, TR T KREMNEZ E L, AT
WMEEL AR EDTN FREEREEE
KKER 5% , W LSD S EH 30 B L {2
TR —NT AR E S IRE B E,
Duncan S E R R AL EZERF FEA HFHHE
BT, EEUANERMERLSELR B
e, BT LN AR SF M (conservative ) 1 58 A
(libera ) AN HHE X 43, LR FHM S (RE 5
BEBENEZRMNLER), Tukey test IR ST, H
YK A Newman-Keuls test, FF VX N Duncan test, 5 J5
5 LSD(the least significant difference ) ; {B M T2 #3
BERXBE(BEEZBIANDERZRNLER) 4/
5 RIUF R AR R . R FE I 2 B L
T, N E R R M R AR E . X T
HWRERIR, N FIRGE TS, R AT 68
L EREHRRUEE R PETT, W% R R
FE BRIEMAF B EREFTRE, SN T
BEZFEBRR. Wi, BEE BN, IRHRE
REENBEXNBRASHMASLRANER,
Dunnett #2 4 B Dunnett-¢ ¥ 3 5 ¥ & F T X B
ASLWAMEEY, B2 4N EZEREWN
TEREREM, A EER T X ET AT
1% Toothaker ™ I Miller™” 193854 .

Ligatnil iRy B0 G AN R R (IR TIR5S
RERFEHREGELSI S YNFEHEKE
WG T, FE T AR AR IR T, Bl
Pearson y* M {EFI KR FE—FEFEHNE
T, BRINEEZRAERERARES,F
HWAERERE RN ITRBERKRER, L2
AL, BRAE 4.5 THFET B Pearson
xR ZE RS Fisher HR I WS RIGTT & —
LB P <0.01, {E MG R AT 4R AR 14k
B, U ENFEREAE YN, S5 s —A%K
BRAEEIHRNSER; AN LEFES
BRPH—M ¢ RS REMRE A AT
W, IEm ESCRRB, B — B TR AN E AR
BRXBEESR, HARREBEERTENAR
FAFHWAB T HRBREER. FIUAT L
ATFREE-FEREEN S IBKNEFK
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FHEHEZEBRMNEBXR., PEFE, MRS ITSE
RERBE, TAABELAWANTERAEFMR
XR,BHAGITE ERMEERR, &FBLMEM
K, FANTZEAEX, HFARRENAFEHA
HIRBER, KRR B W I FEMRERE,
KT RGBS H — L H A
BREZBHOT™ , FIBRENFMERE, T
HEWE /M, AN —RME R FIERE, 7T LI
PLAF JLRRGEIT 07 ¥ . Bl dUe A F BBt [F
B Rx CRATER, — A 4 a4 HIKY,
(DERXLEHNGREEWBEZ | K 2= 5
ERXRAAEFRIT¥E L, Wit FE T ENAE P
RABEXRE, JUEANSE T B BEM
L9 | Ridit 3 A7 F175 P2 B 1 logistic [ )5 43
Mo QEFEERFALERELERTERS
THELMEMXER,HE Y KA Spearman B AH %
A, B)ERNEFERZEIFIERM
RIXFEGRIT%FEX  HREFEATHREIWND
ERFERZENEURRAEZEARXRALCRE
PR R, W RFEALEBEEE, (4)
HRARFEZELT LB TR,
A 7 28 A Pearson X2 1 56 B, Fisher 35 #5056 .
Bl B geit s AR IE ST H Mk A,
An R

BRGH¥ETERZ , BEREREESN
ﬁ%%lﬁ)@%#%ﬂﬂ?ﬁf‘ﬂ@ﬁﬂ%i Bl o S5
% B, R RE-A B R Gt it O v EAT SR AT
M ARIE LS S AT A5 o
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