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Tab.1 Relationship between two type errors and the corresponding probabilities

Kbl R

RINHIEFEHEDL unknown true situation

results of test Hy®3T  Hy is true

HyRROL  Hy s false

% H, HET EH#(1-0)
accept H, correct decision (1-a)
e H, TR ()

reject Hy Type I error (o)

AR (B)
Type II error ()
HEWT EH(1-B)

correct decision (1-f)
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Tab.2 Application of significance test method and analysis of Type II error in

research articles published in 6 domestic fisheries journals within recent 5 years

JESAETI 22 ARG S
numbers of papers published in
recent 5 years

LIRS

journal name

o P B A I T VR IR 18 S B
number of papers using test
of significance approach

BEATIIZLEE R I 18 SCEL
number of papers reporting
Type II error analysis

IKFE SR 989 706
Journal of Fisheries of China

K R 638 321
Journal of Fishery Sciences of

China

VYRl 3 480 254
Progress In Fishery Sciences

IKFERL 2 715 433
Fisheries Science

R R 524 239
Journal of Shanghai Ocean

University

FKEMFFER AR 483 282
Journal of Dalian Ocean

University

&3t 3829 2235

totals

0

0

http://www.scxuebao.cn



138 Ko %R 40 %

TEa = 0.05/KF- T, K501 5% I B A 4K 1 °F- 1
R R W /DT 220 mm. RHEIZ T FEBA R
REEARSOR , W 215 B A A kK218
mm(Pr i 2ZEo = 20), EHEEMBEH): 1 =220
mm, WA FRBEH,: <220 mm. ARG A 5645
WA, 2R ABE, B2RMBEH,, 4l
AR PTTE SRR A K = 220 mm,  BiZ%E
VSRR TT R 2 0 BE A 455 1 ) o 4% IRAR S i XF
e B 2 SR 0y HI Wy, o T2 T AR, P
DIORE AR 3, Rk, A As 21045t
P AT RE R o SR, SRR Z A — A ]
&, HZ R ERE A IR REA, man
RZMIBIEE R, 7] RE LG 2 A SR IR R AR B L 4
ke TOME I 1 45 A o B R IR AR AR 4 T 1
A 92 B 4/ T-220 mm, 17 38 2 15 15 K6 36 20
3] T AR P2 5, 3R I 0 K Ak S 37 0
FERET, I RBCREN i — P iR,

BEXF XA, FRATHE— 20 1A AT RE AR T
FERIHEAR . A IR T

Hy: p=220mm, Hy: u<220mm

B, T a=0.05KF- T Hyfb 4638 1 i 5
M, Hx, oo A B AR IE A S A ]
Al

0.05 = P(z < —1.645) (D)
Xo—
TRfiz= QL ) (2)
Nz
——L645::§ﬂ;%§29
V50
fH )X *220—1645£*215 35 3
(3 o . \/% : ( )

FE4adl hx <215.35, BlfEa=0.05KFTF,
HEREARE A HUNT215.35 mm, SRR %1%
s (1),

AR, MR AR Hy 2 R 1Y), A B
HAERAET, HEAR A R H, (K1) BB, {FfT x
= 215350 i1 Howi 4% 52 . T Ho AR B 55 1R
M), XEEx = 215350 0% S SR 45 % 1Y
B, XFFLL BB, S0 Wk AN AS B -1
R 218 mm, 0 IIRYEE 15 A0 ABE 3 (& 1 B B2 30 40)
AR

215.35 — 218
P(x >21535) =P(z > —2-_~~

20 )=
V50 “4)
P(z > —0.938) = 0.8236

UL, EAR A B R SRR 2 T AR B R K

http://www.scxuebao.cn

210 212 214 216 218 220 222 224 226 228

E1 AN HMESHRENEQ-pREER
T 2201218, FRifE T 20, BEEKTFN0.05, FEA
HEZT 50, 215.3508°F ¥IE 220/ 38 FE 4 A 138 48 015 7L A5 .
B N AL AL A R IR B KN, 1-pARR B 2k B
Fig. 1

two sampling distributions

Statistical power (1-p) for

Means are 220 and 218, standard deviation is 20, significant level is 0.05
and sample size is 50. 215.35 is the critical point of the rejection region
for the sampling distribution with mean of 220. Oblique line area

represents the probability of type II error f, and 1—4 equals to power.
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B2 S5ENEEEEZ KT ext I EE1-HRIF N
1B
HME 220H1218, FRifEZEE T 20, BEVEAKTa0.01, FEA
AT 500 2134279 F B ME 220 Sl RE 43 A0 B 4E ZE 481 5 A
LRy A AUIB A R FORE 36 BRI RN, 1-po R B A e
Fig. 2 The effect of significant level @ on the
statistical power (1-f) compared with Fig. 1
Means are 220 and 218, standard deviation is 20, significant level is 0.01
and sample size is 50. 213.42 is the critical point of the rejection region
for the sampling distribution with mean of 220. Oblique line area

represents the probability of Type II error 5, and 1/ equals to power
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=
[l
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BEMIKP
significant level o
B3 FREZFMKF()TFHREMEEA-PE
Y N220M1218, FrifE 2245 T20, FEAAESO
Fig. 3

0 01

Statistical power (1-p) values for
different significant levels a

Means of 220 and 218, standard deviation of 20 and sample content of 50

SM20BNEN 1S, JEAR A AR S, I 4
AR x <216.51 (F4), XK H218 mmi
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WA EAE T24.29%, o= 200 M T 6.65%.
o/ FE IR 2 BV A R 2 18 22 S, 2 A
B IR G BB B/ Bl 0
UNEEE

3.3 FEARFHEINE I EERI M

JUTIRY A5 15 1 M 238 ) R 2 52 B A AT 35 B30
DI B 52 0 o A SR IR Z SO REAS UL 371
REKASH215.5 mm, FRifEERNKEZL (6 =
20), DAR 95 A 2 (4) TR A B0 TS 4 35 1 HE R
B FRAK 254.28% (1K15), KB RkAE 45.72%, Hx
=218 mmAtHE N T 28.08%
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4 SEELEIREE ST BE(-BRIE IR E 5
I 2201218, FRifEZET 15, BEPEAKTa}0.05, FEA
HEET 50, 2165105 7 HH 2200 R 53 A5 #0136 283801 7
R HE 2> IR A5 U8 B ME 3 BRI KN, 1= A 90 R0 RE

Fig. 4 The effect of standard deviation ¢ on the

statistical power (1-p) compared with Fig. 1

Means are 220 and 218, standard deviation is 15, significant level is 0.05
and sample size is 50. 216.51 is the critical point of the rejection region
for the sampling distribution with mean of 220. Oblique line area

represents the probability of Type II error f, and 1-/ equals to power

208 210 212 214 216 218 220 222 224 226 228
5 SEEEHERF I 3t
KM ERE-PRIFITIF R
T IMEN220/1215.5, FRifEEE T 20, BFEVEKTaN0.05, H
A E BT 50, 215.35J9F ¥4 2208 filt B 23 A 1 15 46 35l 7
Mo B U IEL AT R LR B RN, 1-pu ke 56 R AE
Fig.5 The effect of sample mean yon the statistical
power (1-p) compared with Fig. 1

Means are 220 and 215.5, standard deviation is 20, significant level is
0.05 and sample size is 50. 215.35 is the critical point of the rejection
region for the sampling distribution with mean of 220. Oblique line area

represents the probability of Type II error 5, and 1-/ equals to power
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B e RS Sy P M D 21 8N JU TR £ 1% 10 8K 2 B R
Ny PR LR 4 D9 P 2 D9 215 5 JU TR 485 1% 1 B R BIK) R/
Fig. 6 The effect of sample size on the statistical
power (1-p) compared with Fig. 1

Means are 220, 218 and 215.5, standard deviation is 20, significant level
is 0.05 and sample size is 200. 217.67 is the critical point of the rejection
region for the sampling distribution with mean of 220. Oblique line area
represents the probability of Type II error  when mean is 220, and grid
line represents the probability of Type II error  when mean is 215.5

100 1
N 80 1
=4 604
izl = 20

0

0 200 400 600 80010001 ZIOO
FEAS R
Sample size
E7 TE#FASEFINRIENEA-PE
I 9220801218, bRAEZESET20, & 3E KT a0.05
Fig. 7 Statistical power (1-p) values for
different sample size

Means are 220 and 218, standard deviation is 20 and significant level is 0.05

4 HEi5REE

TR B R R AR 7K Bl 5 il i A7 e, (H
HUH P AR R R, [ Ah e 2 2R B

http://www.scxuebao.cn

[ A P, JFOT R T A SRHT S . AR A
XA R RE 2 A i R SR AL . A E PR K™
FWRSEERE R, KR AR B R AR 2
— MR R R # 2 M, Wb il TR 22 45
IR (e AP S TE AN TR N = S0P ey
E7 o | e o T [T D= Y P D A € ) N S e
WFIE B4 AU, BRI A 25 #0200 TR i
Sy BT LLE AL, A — A A O AR o L
P o AT AR B0 G 56 235 2R R REAE 268 I i I
WARE ST RS s i@, mieitaas
MEESE B, UKL R IE S REH, T
] S e e B A%

RIS e SR 1 i DR SE AR G R
2 R AR 45 A BT IR AT SR, DA IR SR H
[Fi) e 7 12 F TURY A58 5 TR A T WA 1) 0 ko Al i) 22
5RO T AR 5 — 2 58 100 R e i A8 L b SR Y 3
AR, R ERAT I BB A A W
TR, O b B B B TIRL A % () B3R AT X
BT HEZ — DR R REAR R B 2 2R B =
AT RE LU A2 B8 BT R B S5 R AR, P
g 5 REARAR AT BE 2 ik A BEAN DR SE . IAE,
BHSGREE AR A RO AR, HERE
BV ZE AT R, LR E I 0915 5 BUR WL
RGP

IR B DRI o 2 0] ] T 928 i), a2
AR T2 oK I i A R AR A B R/ NAE DT R
BYBHIE T AR 58 3% S0 g eit, e ss T4 B B
Fo BN, AE WO B IRIEAL TAES, 2 X
{1 — A~ ] U2 W A e — BEI i) PN B U 5 A
MR ARl . V2RI ALRE AT AU ZE R s,
BTV AL AN TE I (475 98 A i 7 IR AN ),
AR Fh i A 235 2R R TGk B UK T R Y
Ha B, AR A R S I R BOA 8% A B O, A
75 BT IEOE ) 2RO I R E i o M =R e
B E — 1™ RE A% 1l AL A 06 88 BE oK ) 8] A 37 (B
PO R /MEL, AN RT LR g B U5 37 A
SRy & SN ) 11755 4 D T

RIS, EH R TR S
PRI, AR AL A R A [R] At 2 LR
BER, JFAR SR PR TRt 5 Fi 0 AR IR TR R Y
HOEAE, SO, PR AR DR Y B R S S
Prfis BT E o R TE DLIE Y B3 A R
W, R T 2 eR IR AR R, EIIA D R R
SAL LSO E . I, K5 A C M



13 FIE, G5 K RLA RS A 2 R A R 141

T AT RS, RV SR R A,
H— e BSe iy o HE52 FAR 2 i i 4 i
JIr b R 1 O T e TE EE 2L, i HL T s R e
RA P RE R B A o I, i o 8 TRY A R Y
HEE R S ECAW R, BESDEMER
JRAR . B, KR AR TN [ U A
[Fi) S 60 R 80 X 2208 B R ) BESR A i AN [R] - A
IRUES DR B A I TR A 0 O o 2088, Ay
2FEAH VR R AR E B AN N b 5 R A B 1)
PR T 2R 30 R BE o O 1 B E 3 24tk 3% K
FRNEAT IR SGRLRE , AN BESL 28 0] b v

SR, TERFERIE T P 2 B BIR 2
AN RE 28 H o RIS, 36 25 RE A i 2 [, T DA 22
T 2 IR AR 03 B L S TR G B R A A
MAERITHR T, SRA W58 35 K™ B2 T 5
TR, Pedbr" Bhor R A B

SE W

[1] WangY J,LiuQ, FuD J. Summary of the applications
of mathematical and statistical methods in fisheries
research in China [J]. Transactions of Oceanology and
Limnology, 2004(3): 69-73.

(2] WEEZ. MG R, B54hR. st FER
HARAL, 2008: 6062
Ming D X. Biostatistics and experiment design [M]. 4th
ed. Beijing: China Agriculture Press, 2008: 60-62 (in
Chinese).

[3] TangP C. The power function of the analysis of variance
tests with tables and illustrations of their use [J].
Statistical Research Memoirs, 1938, 2: 126-149.

[4] Peterman R M, Routledge R D. Experimental
management of Oregon coho salmon (Oncorhynchus
kisutch): Designing for yield of information [J].
Canadian Journal of Fisheries and Aquatic Sciences,
1983, 40(8): 1212—1223.

[5] Nickelson T E. Influences of upwelling, ocean
temperature, and smolt abundance on marine survival of
coho salmon (Oncorhynchus kisutch) in the Oregon
Production Area [J]. Canadian Journal of Fisheries and
Aquatic Sciences, 1986, 43(3): 527-535.

[6] Peterman R M. Application of statistical power analysis
to the Oregon coho salmon (Oncorhynchus kisutch)
problem [J]. Canadian Journal of Fisheries and Aquatic

Sciences, 1989, 46(7): 1183-1187.

[7]

[10]

[11]

[12]

[13]

[14]

[15]

[1e]

[17]

Holt R S, Gerrodette T, Cologne J B. Research vessel
survey design for monitoring dolphin abundance in the
eastern tropical pacific [J]. Fishery Bulletin, 1987, 85(3):
435-446.

Peterman R M. Statistical power analysis can improve
fisheries research and management [J]. Canadian Journal
of Fisheries and Aquatic Sciences, 1990, 47(1): 2—15.
Wagner T, Irwin B J, Bence J R, et al. Detecting
temporal trends in freshwater fisheries surveys:
Statistical power and the important linkages between
management questions and monitoring objectives [J].
Fisheries, 2013, 38(7): 309-319.

WHEE. W BHE 5 OHEGTHHTE KT R T
ST [3]. AL RTIMIE 25 Be 2 ik (B AR R RR), 1989, 10(2):
57-64.

Guo C Y. The analysis of type I error as well as type 11
error in existing books of statistics in education and
psychology [J]. Journal of Beijing Normal University
(Natural Science), 1989, 10(2): 57-64 (in Chinese).
TR o6 R IR A IR BRI AL ST A SE R & 3. R E
SRR BT, 1991, 15(2): 136-139.

Zhang X Z. Estimations of type II error beta after t-test
and their significance [J]. Bulletin of the Academy of
Military Medical Sciences, 1991, 15(2): 136-139 (in
Chinese).

Sokal R R, Rohlf F J. Biometry: The principles and
practice of statistics in biological research [M]. 3rd ed.
New York: WH Freeman and Company, 1995: 1-896.
Wellek S. Testing statistical hypotheses of equivalence
[M]. Boca Raton, FL: CRC Press, 2002: 1-431.
Adelman D E. Scientific activism and restraint: The
interplay of statistics, judgment, and procedure in
environmental law [J]. Notre Dame Law Review, 2004,
79(2): 497-583.

Brosi B J, Biber E G. Statistical inference, Type II error,
and decision making under the US Endangered Species
Act [J]. Frontiers in Ecology and the Environment, 2009,
7(9): 487-494.

Paulik G Anchovies, birds and fishermen in the Peru
current [M]// Murdoch W W. Environment: Resources,
pollution and society. Stamford: Siniauer rand
Association. Inc., 1971: 156-185.

Regier H A, Hartman W L. Lake Erie's fish community:

150 years of cultural stresses [J]. Science, 1973,

http://www.scxuebao.cn



142

Ko AR

40 %

(18]

[19]

[20]

[21]

[22]

180(4092): 1248-1255.

Cushing D H. A link between science and management
in fisheries [J]. Fishery Bulletin, 1974, 72(4): 859-864.
Pawishr H, Maccall A D. Climate variation and
exploitation in the Pacific mackerl fishery [R]. Califonia
Department of Fish Game Fish Bulletin, 1978: 1-110.
Saville A. Discussion and conclusions of the symposium
on the biological basis of pelagic fish stock management
[R]. Rapports et Process-Verbaux Des Reunions. Conseil
International pour 1' Exploration de la Mer, 1980:
513-517.

Thompson J D. Climate, upwelling and biological
productivity: Some primary relationships [M]//Glantz M
G, Thompson J D. Resource management and
environmental uncertainty: lessons from coastal
upwelling fisheries. New York: John Wiley, 1981.
Selgeby J H. Decline of lake herring (Coregonus artedii)
in Lake Superior: An analysis of the Wisconsin herring
fishery, 1936-1978 [J]. Canadian Journal of Fisheries
and Aquatic Sciences, 1982, 39(4): 554-563.

http://www.scxuebao.cn

(23]

[24]

[25]

[26]

Clark S H, Overholtz W J, Hennemuth R C. Review and
assessment of the Georges Bank and Gulf of Maine
haddock fishery [J]. Journal of Northwest Atlantic
Fishery Science, 1982, 3(1): 1-27.

Beverton R J H. Science and decision-making in
fisheries regulation [R]// Sharp G D, Csirke J.
Proceedings of the Expert Consultation to Examine
Changes in Abunbce and Species of Neritic Fish
Resources. Sam José, Costa Rim: FAO Fishery Report,
1981, 2: 919-936.

Butterworth D S. Assessment and management of
pelagic stocks in the southern Benguela region [R]//
Sharp G D, Cskke J. Proceedings of the Expert
Consultation to Examine Changes in Abundance and
Species of Neritic Fish Resources. San José, Costa Rica:
FAO Fish. Rep. 1983: 329-436.

Allen K R, Kirkwood G P. Marine mammals
[M]//Guland J A. Fish Population Dynamics. 2nd ed.
New York: John Wiley and Sons, 1988: 251-269.



13 FIE, G5 K RLA RS A 2 R A R 143

Neglected Type II errors in the researches of fisheries science

WANG Yingbin', YU Cungen', CHEN Yong’

(1. School of Fisheries, Zhejiang Ocean University, Zhoushan 316022, China;
2. School of Marine Sciences, University of Maine, Maine 04469, USA)

Abstract: Test of statistical significance uses samples to infer the statistic property of population from which the
samples are taken. Two types of error, Type I (i.e., reject a true null hypothesis) and Type II errors (i.e., accept a
false null hypothesis) can be made in a test of significance. Significance tests are commonly used in fisheries to
identify statistical differences. Of the 6 major domestic fisheries journals, significance test methods were used in
2235 research articles within the recent 5 years (from January 2011 to April 2015), which accounted for 58.4% of
all the research articles that were published in these 6 journals during the corresponding period. However, attention
was only paid to the Type I errors in all these studies, and the Type II error was totally neglected. However, Type
II error is not unimportant. The probability of having Type II error is often higher than that of Type I error, and
sometimes the consequences are more serious for committing Type II errors. Neglecting Type II errors in fisheries
is likely to result in fisheries mismanagement, consequently leading to overexploitation of fishery resources. In this
study, the analyses of the Type II errors in fisheries researches were reviewed, and the potential consequence and
implication of committing Type II errors in domestic fisheries researches were discussed; and the calculation
method of the probability of having Type II error S (or statistical power 1-f) was described using fisheries
examples. The relationships between £ and several main influence factors were analyzed. We strongly suggest that
Type II errors be considered and evaluated in the future fisheries research to reduce the likelihood of making

serious mistakes in fisheries management.
Key words: fisheries; significance test; Type II error; statistical power and Type I error
Corresponding author: YU Cungen. E-mail: cgyu@zjou.edu.cn

Funding projects: National Natural Science Foundation of China (31270527); Public Welfare Technology
Application Research Project of Zhejiang Province (2015C33094); Natural Science Foundation of Zhejiang
Province, China (LY13D010005); Young Academic Leaders Climbing Program of Zhejiang Province (pd2013222)

http://www.scxuebao.cn





