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PREFACE

This course was taught to the first year graduate students of the
School of Fisheries at National Taiwan College of Marine Science and
Technology during the author’s three month stay as a visiting
professor, Feb 21 -~ May @24, 1986. Bulk of the material came from
author’s research publications in the past five vyears. The notes
inciude basic statistical techniques applied to fishery problems, and
biological parameter estimation procedures for the early life stages of
pelagic fish, northern anchovy (Engraulis mordax) in particular.

The text was written in Chinese so that it may be used as a future
refefence for Chinese fishery biology students and researchers. The
notes were fTirst hand-copied by Ms. Horng—-Jy Leu and edited by both Ms.
Jenny J.J. Hung and Mr. Chao-Hsiung Cheng. The author deeply
appreciates their effort and time. For any error found in the text, the
author takes full responsibility. The author sincerely thanks the U.S.
Mational Marine Fisheries Service for granting her three month leave,
the Institute of Statistics, Academia Sinica, for the sponsorship, and

National Science Council! of Taiwan, Republic of China, for the funding.

N. Chyan-huei Lo
Keelung, Taiwan, R.0.C.

May, 1986
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—~ A # ( Introduction )
1.1 #E3 /Y B # ( Objective of Statistics )
et E M RMEAR ( Sample ) FINH K E K R ( Population ) fF— £ #3555
W (mlimtsEt ~ FRSEREK)
EHE
388 ( Population ) RAEFFRBFEEFEWH EE ( Observation ) » BEHEET
EETHEYN (EEW ) EE ( Quantitative Measurements ) » fiifIRE - E& -~ HESE -
BE RE MR ( Qualitative) » FIMME G » BEBAE S o AR ( Sample ) BEEE F&—
LYPER o
AR EMTAS AR UERERFE IR HHE A ( Information ) » EEEF
HBEXR ( Experiment ) » FH LK HEES I :
LEBRGAMERESF °
LERIERSHT o
SEBRATEBNERNBRIERLR
Fl1.1 1965—68 » 0 M@ %L ( California Department of Fish and Game ) fE 7T #2X
% 1& ( Ocean shrimp ; Pandulas jordoni ) fy#fi#&k - EREXAE S » EEME 150 4
ER- A LEMN SENHEESRBER ) TATENEERRSE - AT Y
HEERARMGH (K BENTFHHER  BEAREERBRABHESLEY
B 1.2 Yuba JHY R & ( Spawning salmon ) IR BRE—HEHR - MRME— Tk
BESLESR E—SHEEREEMN AL THEGHEBNEARE -
#l1.3 —NERRINEIBHEEANVEE  E-FF > IEAHBAMK —XEER
 —REEFA BAERERAERABAZHREE fiERWT !

ru‘uu

A H b A X B
H AR + x + =

EEERAE 2 EREE  EEABRNENEEREMREXER—HREHAIS
BRERTNEAERABSEFA » ERBWM?

1.2 FE# M8 ( Random Variables ) RI#$#E 5 & ( Probability Distribution )

!
1—1




f(x) — density function

| !
l |
| |

U—0c H X M+o

1.1 Normal distribution density function

HESERV. CREENRER B SNBEE t—oMue+o 2 » BLHHELE
H—20 Flp+20 ZH » 99.7 S BEE 130 M p+ 30 ZM- L EHMEGEFHET # R
MEREHRAE -

Fo#ER EHE ( Central limit theorem ; C.L.T. ) I MEABIMBEANE -BEE
EFHELNEEZ BB E—BAEE 1 BER ) E2RAR » BEAFHE X
HEREERISE (1 ’7%-) °

E—EB (CLT) REFESERAIMTFREENBESE - MIF 2/ 0 £EB
MB o n B RMEERACLT.RAERERATHENINRE-—BEHEE -
fl1.6 E—FEERMBEXNHEREBVEES  RAADEBRERF K ( Carapace

length ) ¥y B » BAIEAN—FHRNVABTFEEFESRE - FAETHIKEEHHTE
Bl A © 14.5—15.0mm 5 15.0—15.5mm > -er-- » 18.5—-19.0mm > FREEFEHE
Z17.1mm » BE¥EZE 0.8lmm ©

Let X= carapace length of ocean shrimp .

5—17.1 _ X~ 0—17.
P(14.5<X<15.5):P(14°_81171< a/-l<15 0.81171)

=P(-3.21<Z2<~2.59)
=P(2.59<2<3.21)
=P(0<Z<3.21)-P(0<CZ<2.59)
= .4999— .4952 = .0047

Then the same is done for the next class interval.

15.00~-17.1 X-— .50 —17.
< 0/‘<15 50—-17.1

P(15.00 <X <15.50 )=P¢ 5 51

)




=P (—-2.59<2Z2<~-1.98)
=P (1.98<Z2<2.59)
= .4952 — .4761 = .0191
The probabilities of the remaining class intervals are left as homework.

Finally we have

Carapace Probability
length or expected
interval oroportion

14.50 —15.00 0
15.00 — 15.50 .02
15.50 — 16 .00 .07
16.00 —16.50 .14
16.50 — 17.00 .22
17.00—17.50 .24
17.50 — 18.00 .18
18.00 — 18.50 .09
18.50 —19.00 .03
19.00 and above .01

B ~ Z3F4 & ( Binomial distribution }

EEBEXAFHNR—EHECTUSKIIRAFRRE—ERHE  Al—GCRARKNHE
#e REBRNAREREY ; ~BAREATHE; ~ 4y REBFNEEMEMW -5
AEFBITLUEERRRN DALY - - BEEFREFBNWEMFE 5B ( Binomial
population ) » MIRHMA | ERK» BOXTRE&H - —AREH®EE oMl - AX
REZHBBOESREY > pRX-108E > e BX=0%%E > prq=1, ML X
X RRE—E_FARENRIVER AIBALEY=2X - RDAY% . StEBRE_
ROE HBER o fp » AERKY~B(a, p) o

_HBRETEEYN £

P(X=y)=f(Y=y|n,p)=Cpprq>

nl —
:{Y!(H‘H!f"q ’ Y=0,1, - a

0 =

it




YR FHGME (1) MEH (o) &
p=np ; e'=npg=np(1-p) ;
THGERBONFAE— B RHOEPERE
#l1.7 BEITRFANBE-RRABIZNRETREBEGHEML EFTR > FHE
S AHE 4 ABHAEE o
Solution: n=5 , p=.3
Y = number of people getting drawn
P(Y=4| =5, p=.3)
=C; (.3)(.7)'=.028
f11.8 —RERBEETIHIEFRBEHE B 10 BHEREERLS  OR_@EH_
B EREH » HHEKRBERERE BEZTHEOBERESD?
LAIR 5 75 H04t 4R 2 S A5 2R 10 Ry 4 4= My
Solution: Y =number of defectives
n=10
@ p=.05
P ( accepting the stock )
=P ( observing 1 or fewer bad oysters )
=P(Y=0o0rY=1] n=10, p=.05)
=P(Y=0)+P(Y=1)
=C¥(.05)°(.95)°+CP(.05) (.95)°
= .5987 + .3151 = .9138
(b) =.1
P ( accepting the stock )
P(Y=0or Y=1{ n=10,p=.1)

P(Y=0)+P(Y=1)
C% (.1X(.9)°+CY¥(.1)(.9)°
= 348+ .387 = .736

1l

P ( rejecting the stock ) =1 — P ( accepting the stock )
=1-.736=.264
MR npMa(l-p) KRS » THAKBRERGH _HIEZIRE -




Fl1.9 ZHz—HWARRHEN  BREBGEA FH I0GRARBHAKE?
Solution: Y =number of females
n=30
p=1/3
Using binomial formula, we have
P(Y=10 | n=30,p=1/3)
= CH(1/3)1(2/3)"

301 20
=Tore0r 3@~ 1°

Using normal approximation based on C.L.T. we have
P(Y=10 |n=30, p=1/3)
=P(9.5<CY<10.5 ] #=30(1/3)=10,0*=30(1/3)(2/3)=6.66)

. 9.5-10 _Y—u _ 10.5—10
=P %% < o < 5%

=P(~.19<2<.19)
2P(0<Z<.19)

=2(.075)=.15
C ~ FEH ( Poisson ) f3l (M EHZ HE )

FEWBSE 222 M ( Space ) s FEM ( Time ) fJ— %K ( Family) 53 » 6 R
F-HREOAERE - EVERNKT AN RE . EHEL, IRT-HU®
BOATHRFELHER > IE— BB ENAXFBRAYENNRERRETIIARA

e Y

{ . y=0. 1,2,
f(y)=P(Y=y | 2)=
v 0 & Al
YHFHEABSHER 2 B p=o*=
M1.10 MEE—VPBENARNMAEFHEE2(2=2 ) » BHEAk BHEHHR
BEMEE k=0,1,2,3, L7 M A=5089
Evaluate k=0,1,2,3,4,5,6,7
k P(Y=k)
0 .135
1 .271




.371
.18

[J%]

.09
.036
012

(=2 TN | R

-3

.004
Do the same if 2 =5 .
FERAESAMN_ESEERELEEAZE  ANBEBNMEANTSME KET

B AT CERSE-BRTASHAENEE B8 1 Bl (RE) FALSEWED

“HARWEH - B NRIASEZEHE 2R PR 1=0p v NERDE

TLARKE ZHSE » EF PLASEFERBBHARRB KKSE ( Distribution

of counts ) HWRE Tl & : ( P.22, Elliot 1971 )

LERBHES M- BEBHRECA - #3M08% FE— %2 ( Constant) ¥
BE#ERN C p—0 ) » AEECA—HE  BERERBTYRFLRE( o— 1
) o

2. KB {7 ( Sampling unit ) WEHERRE\REREN YR EEE o

MEX-HE-EEENFENYERAZ - ERNBE IS - EERERIS I
B o

4.8 K ( Samples ) HGME/NIg— 0 o

H—ERERECA—EEE GREA—EEENRIRE S0 EWEL G

B ERLEAERHMBSGERBELE S  c IRFEAEERBEHE RS T #

B E-mEECHABEIANE ITHESE-EEE  UHR _HASEBE L& S

BOBER (0 <X) - MBAFEB=@EH4E DXTEETRERSE 8 FEBSE

RAEAN - BB —ERA AU P EIS - ERECHRE - ERMAAZBRH—

RORBLE » URBBRD Rt A0 EES RS — ERRE S — BR8P R ERE
— {EFE # 53 & ( Random distribution ) ¥ ¥ ERWRNE -~ ERR ( MERPANE

BRI B I Poisson SR X FRECRBEE » RA—ESB) - A NERBAME

BLEEESE SERREBUEBL T I ELSR » ERERERARRIERLEN - &

RERERERRES  CTHEATHBNRINFERRRARRE -

EENEERRBLOEBRSEN > FLURARERTHEBROREEMZ AR




HERB AR o
F_HAEEOENEERREMEECH R - IRMREC BN 28 ( Clu-
mps ) > BB FEERBHIE  RERESLRERBRIEY  WREXELZ /IR
0.05m% RITNFEMS LT RHFERN LR ERIKBRELME -
MBEZFEREECREBIENRE  REEBZAILLSE BRERE-EHER
A AEEEHAEEERE ( Confidence limits ) o
KBRS EREETEF VAL SE - 5 F T IR HET AR ¢

= RABT _8" _F(x=x)°
T EH7RM®H (variance) X  x(n—1)

T(x=X)* with (n—1) degree of freedom

r=I(n-1)= m— x

MRn>31 , v 20 ~N(2»—-1,1)
EH v=n-1

mR <L, 4 (F<X) TRIEHSE
T, o (XD TRAZAAE

D ~ €= 1HE45 B ( Negative binomial distribution )

MEEAR PARSENBE-RME=GREITE > REBABI ( Variance ) FH I
FHEEX (¢ >p) BUEARERNNEFEE > FRHERNBRAZTAREREL
FR BEREA_ASERREEN—E -

A-EHERRTIASEMLA ( Counterpart ) » (—p+q)™* ; p=pk »p= £
¥q=1+p; q—p=1 'HIBEBHRFLHE L MIFHk » BH o' = kpq=pq=p(1+
n

£) Lo >u o k—oos Bt =p c AZESERAEE N LRAE o
CRARSHOBS AR ( Clustering ) - A FARMWE FEKE

_(k+x“"1)! k k “ x =0 1.2 3 +..¢...
f(X)—x!(k—l)!(k+ﬂ)(k+ﬂ) X—O,1,2,3,

£ £
P__k __k _ __n
q 1+ﬁ“k+#‘ﬁzy]ﬁ$‘ k+p¢

k k




Prob[ens:

1. Give some examples familiar to you of & sample and a
population.

2. In X 1.6 use the table of ncrmal probability distribu-
tion. Calculate the probability of the remaining class
intervals.

3. Tossing a balanced die, the random variable is the number
showing in each toss. Write down the probability density
functien of this randcm varizble.

Let A be the event of observing an even number
B be the event of observing the odd number.
Using the rules on pege 6§, calculate P(A) P(B) P(A+Z2)
and P(4B).

4., It is beleived that 20% of the

fishing vio

o)
'.J
‘J
1]
ck
)4
[¢]
3
[0}
"
o}

San Luis Reservoir get caught during each fishing season.

During January through April 1973, 150 violations were

simulated, 38 of them were detectad.What is the probability

of getting such a sample, using both binomizl formula and

normal approximation? Dcas this sample support the claim?
5. Restaurant B in Berkeley has the following sampling pro-

cedure to check the oysters shipped from the east coast:

If 50 oysters randomly selected from the stock are all

good, then the stock is acceptad; if 2 or more out of

thses 50 oysters are bad, then the stock is rejected; if

1 out of these 50 oysters is bad, then 100 more oysters

are randomly selected from the stock. If none of the

100 oysters are bad then the stock is accepted, otherwise,

the stock will be rejected. Calculate the probability

of accepting the stock when there are

a. 1% bad cysters in the original stock,

b:. .5% bad oysters in the original stock.

1—-10




Hint, use the rules P(A+B) = P(A) + P(B) and
P(AB) = P(A)-P(B).
Ina capure -recapture experiment, a small pertion () of
the fish population is taggzd. When a large amount of
fish (n) is sampled, the numdsr of tagged fish czaughz
(Y) approximately focllows Poisson distribution with
parameter X = np. If tagging ratio is .01 and 200 fish
are samplad, calculate the probability of getting tag
returns equal to 0, 1, 2, 3, 4 and S.
Note: Usually P is never known, therefore the sampl=
tagging ratio is used to estimate population tag-
ging ratio, furthermore, to estimate the fish

populaticn.

1-11







=~ &% ¥4 & ( Statistical Inference )
2.1 BMHEX
—ERBTHUAKLESEREL AREEATHIEZEEARE 2 HNHEZER
P o MAEERFRNBENUFEFERESBHEERKF AN Z—
HRBEEEERES %L —EZHH#EE ( Point estimator ) » —HEE W # & (
Interval estimator ) » Gfl : {I & 100 &% » KMREBRTYHMER 625mm » ERA
BRITYEMNEHE - IRBMARFTH A KT 600 mm 650 mm ZfHE > 8] ( 600 mm
» 650mm ) REHABENER#EH -
EFE
—E#E AKX ( Estimator ) BEFRFAMAHEREE > cEBBERZEN A%k

KEHE V=21 REEFLEz—E#REAR (Estimtor ) ERE—LHEA

n

BT RN -
A mE

MEoR—ERM ABEEERR » “BE” MAXRTEED > B=o, ¢
HEHERTHERER 0 » AR EHBH R -

2 BEETHMOBER

BETYEAFREBER  AMBATHE  HABLE > RERY > HARK
BRI F S R BASYERTRED - MR (AR
> C.L.T. e 45 3000 H B0 4 4 7 45 AV B o

b\ W AR -

REAOREEsnBERE  ¢=2XX0
BB WX RAEHESE B 8 BB EEOEE AR -

B EM#AR

— E% B0 M 5 5B R I8 S A MEE M ( Confidence interval ) » 73— B E
) RN AR 0 B R o

8 ~ MRBRAK N Sample size )K3B30 » HMC.L.T. » BATHE Y BRERIES X
TR p o WER L 5 EH 95 B RATHEBAR p— 2 — R0 p+ 22wz s L

P(‘u_zrg-<v<p+27{—-): 0.95 (@21




BEBHE QB
p(V-2%< #<Y+2—L) = 0.9
ERAMREMA—ERE » LARKKANMA > BB —ERE FE—HE Y Hia—
BRGETHTRRAR —BEMAR > 1o, V-2, Te2—L, k#9195 % @
EMERGOERANRETSE ) £A—HEBYN (RATHE) EMERROER
TEERBFYE RERRORRANSHE 5% WENAERLESE ToE
EERFANEMEANEEER S % —BBEK - BEEN( ci. DRER

7—_ Za/z ?; ’ ?+ zc/z Tg
Zep REBAME WA > Fa/2 (HEBREEBMAR Z.p » REBRP(Z>Z,, )
=5 a REEK®(H2.2) -

£(y)

g
WrITR

# 2.1 The normal density function of sample mean (¥) with mean x and
variance ¢*/n. 95% of sample means are between pt20/4/ 10,

f(z)

0

M 2.2 The density function of the standardized normal random variable,
2.P(Z>z.n)=a/2.




MFE1-a=0.9 » 0.9 ZEBERM ( Confidence coefficient ) , a=0.1, Z, =Zy.0s

=1.645 0 0% BEEHEHEEEMR  T-1l645—— -+  Trl665

EEHEES O RRAK > FTUARKES o -
fl2.1 1968 EWBFEH » F—BERANWIRFEM R E ( Carapace length ) [T :

Shrimp carapace length Frequency
X) ()
15.4 1
15.6 1
16.0 1
16 .2 1
16.4 4
16.6 2
16.8 3
17.0 8
17.2 5
17.4 6
17.6 3
17.8 2
18.0 2
18.2 2
18.4 2
18.6 1
18.8 1
19.2 1
20.0 1
20.8 1
21.4 1
21.6 1

FIRO L BRTFHENEEER -

x_2fX _876.8 _

Solution : = 17.53 coereeees point estimate

zf 50
ZfX* = 15456.16




s (ZEX)
SZ_SCfCX—Y)jz_“X n _80.5952 _ | .0
T (Zf)Yy—-1 - n—1 49 ’
( 17.53t27§-> = 17.53+ .3627
= (17.16 , 17.89 ) -erveere 95 % c.i.

b~ IRBAKRNMEN (<30 ) YARARKELHYSENRE M1-« EH

v a S

ERR Vetup,ar. 2= 0 Yibep,an S
top s d.f. BEEE Fs P(t >t ) =a/2, df. 2E HmE ( Degrees of freedom)
EMRn-1 o

2.2 #1973 Rezor A E F » E—EREAE R » 11 L ZTHEAFFM a0
mEye R 18, 22,19,20,20,13,22,20,21,20,19 » 3551 E 95 % HEHERE M55t

Solution: X : Number of clams caught

- _2X _ 214 _
X_T———ll—~ 19 .45
- gxr (EX)F
52 _ 2 (X-X)r _ n __ 4224 -4163.27 __ 6.072
- n—1 - n—1 - 10 -

s _ /6.072 _
71-;--—- a1 - .743

L.o2s ,ap. =10 =1.812
95 % c.i. for the average clam per digger is

s
Tt a=i0 A
= 19.45+1.812 ( .743)
= 19.45+1.346

i

(18.104 , 20.79 )
C~H_HEEBMmE

EA-AEE 2P RES NI GRE . EXERARABLEY - BAH
BBEE x - x. REREPEMMBTLAL » Ex=p , of=p(1-p) » BAL
FP=IX momBpenEAR  ERPHERAFTHER (BAXREIR0 » RPN
LMD FLURMAGI=P(1-P) S of WBKEHR -

BAKXE PREFRESR £=p, o*=p 120 10 pmEEEME




A A A
P~Zaope —gg%iﬂl ’ B+Zyp v/ RLIEE)

2.3 1973 & 7 San Luis K& ( Reservoir ) WRB RN AR EHZHETES » #i
150 - BREH > HP I8 AHERT  HHEREPEHANLE  LHE S ZEHER -

Solution : p= the proportion of violations detected each year
n = 150
ZX=38
_v_2X _ 38 _ .
P=X="-="50 = %

s¢ =P(1—P)=(.25) (.75 ) =.1875

N N
Ay _ PC1l—p) _ .1875 _
g9y = o =—go = -00125

95 % c.i. for p

n
= .25+ .069 = ( .18, .32)

MREEAKXNARK RPBIU—B1-c EEENTRZEETENSE  AE _EE
BEUERERYE  BAATHAE—EEEHEN  RE—EEN 5% REY S8 R~
BEMpR » B po AP

P(P<Po|Pp)<0.025
P(P>P: | p)<0.025

R P(Po<P<P: |p)>0.95 (E2.3, B2.4)
£(p)
.5

6 .1 .2 3 .4 5 .6 .7-8 .9 1.0 R
[ 2.3 The probability distribution of sample mean, B, with mean p=0.4
and sample size =10.




AR pEF HEP MP ~ P D HR-BEHBE(E2.4) o

o
1.0T /
B
@
& p
2
2 L
Po s
p 1
/ L~
- =5 P (BATHME)
P

B 2.4 The confidence interval for population mean, p: ( p, P ) based upon
sample mean (P ). For the definition of P and £y, see text.

PR M BAK/N ( Size) Bo » FHPHPR—ABRUBLENHE (P, P
YRAK IS %Hp ZEBHEEM o
ERLBR_EA#REERE > RETLUEL -« BEERNNT: yRBEARNDIHE
¥4 P:pPp(Y>ylp)<a/2 1
P:p(Y<YIP)<a/2 )
E_EBERF - IIE o mY » REPHEASPMPAIKE -
fl2.4 E—EREXTETRA - ZHREHR  STHARRBEEMN S ZEEEH -
Solution; n =10
Y=3
Find p such that
PC(Y<3|p)< .05

)
o
1

P such that

|
ol
I

PCY<3]p)<.025
at least 95% c.i. for pis (.1, .6 )

If normal approximate is used, 95 % c.i. for p is:

Ptteyz,ar=s SPC1—-P) B)

n

3x2.28/22 07D

=.3+.33=(0, .63 )




2.2 R} ME ( Hypothesis testing )

RTSBENERZN REIBRERKAXAEN S —BELHE  EEBEETET » £FX—
BHEEBRR SERMHNBN SRS MNBABBNIE - ERAHIBFTE 2§ » R
Y—BEHAURER AEZLBRIRNEEEBRR » LUK RECHELNER

1. MR ( Null hypothesis ; Ho )

2. %378 8 ( Alternative hypotheses ; Ha )

3. BESET B ( Test statistic )

A B EREMESZEHE ( Reject or critical region and acceptance region )

HERZL RUERENVRI > FLUH FREREBSHNBRIANE  SERER
EEBROREERRERNE  HORBAFTEL KXY TARERFERENREE
AEAENEZER NRABRERFBERECERHE  ERRARKEET » FRABE
ZHEBRK -

REXBREFMPRMARZE ( Error ) ©

LA 382 (Type ] error ) : MREMBRIENN > BHREET » I “H-Rz
Vo HBA G B A FEEKE ( Level of significance ) » M afk o
2R -RE(Type [ error )  MRABBRESHR > BHERT » B “H_R2"
WBRERHLARE RENUIBRXTHSHMETHES -
EERBERRENBEEXKENRE  LEA _REBEIARPEE -
A~ BBFHEHRRBRE
a ~» KERAMERE
ARAM RERBREBIENRERS R FAREEFTURRMT !
OHFEEBRR H :p=g
- @OHIBE  H N
OREMIBRERRFHEX
OBEEKME a ; FRIK ( Critical region ) £

)_(<Fo—zu/27;—' b —)Z>#o+z¢/2_f;-l—!"

EXRER
Po — Zay2 /——:-Q X< o+ 2y 7-:=-

EBURRRORZ= (X #)/ o AR Zep BAR~Zye » BRARETER - TR




BBEESZ MR BERAK & RARKE S o

£(x)
critical critical
region accepgtance region
1 rsgian '
\ i ! X
X

2

Ho -Za/z "/——‘:_ Ho to + Zap2 7—%“

B 2.5 The acceptance region and critical region of normal distributed
sample mean X.

#2.5 1969 FES > LRAHEE ( Bonito ) WRBRHREMT -

Length em X Frequency f
66 2
69 7
70 7
71 8
72 10
73 3
74 3
75 1
77 1
43
HREREFHER 2 cm, EAMEKES % LA AFHENS %c.i.
Solution : H, n=72 a=.05
H, px72
L
2
g2 = X - %X_) _ 216832 — 216621.0233
n—1 42
- 210:13767 509




X— 1, _ 70.97—72 _ —1.03

i=—— =" g3 346 >0
vn 43
Zapp = 1.96
2L ~2y
we reject Hy p=72.
95 9% c.i. for g is
X+ 2——

v n
=70.92£2 ( .3416 )
=70.92+ .6832
= (70.23, 71.6)
2.6 E—XRBEAES F 124 REREE 51 & Dover sole » Ko 27 21
. 24 R BHEYE - REELLIHNBRR -
Solution ; Let p = population percentage of males.

q = population percentage of females.

. 1
Ho . P=q :’2—

H. I p=xq

n =351
No2T
P=751

under the H, 1 1
»_p(l—=p) _ 2% _ 1 _
S S - B O B Y D I

-l 27 1
_ 2 _ 51 2
Z= 7 =/ o0dg - 2
Zq/2:1'96
since Z < Z,/ ’ we do not reject the H, .

b~ /NER AR BRE
BUOgAXxaL#MS BN RE > MRARBETHEMNRRRE » THUKET ISR

MR BB () BA ZRESE (2= (X—p)/ ) TARBRANRH B
o MR RAMY BABY () TARRE o BB e=(X—p)/F » 8T




BERESET » 5 & ¢t & Student’'s t 5 H > EAHREn MR » B n RA% > ¢t 304

FRESR  BEEC X sHopER raae;y:i%’fi ot HEBEERAKL

N Cn) TIARR

HREMn » t Bt HEEHF—1 df. o EFRFZL B FER p(T> ) =a,
«=0.1,0.05,0.025,0.01,0.005 BEBLSE -t CERUFEREBW » E5tE
RPp(T>t)=p(T<~t. ) t REERIBRELER KN TRAEERt RRE
E W fE ( Critical value ) M ARBHRESH -

#2.7

£(8)

I'13<11z <n1

t

2.6 The density functions of t statistics with different sample

sizes, where n; <n, <ny.

1973 Razor HHZE S » EEBMAKHBER » RATEHHER 0, 10.3, 14.6,

7.4,16.2,18.7,17.5M15.9 » B EHHETHILHER 1476 7

Solution :

H : p=14
H ! ax14
n=g
_ZX _100.6 _ _, -
X === 12.57
- zxr_(ZX)*
g2 =2 (X=-X)?® _ n___ _ 1545.2—1265.045 _ 280.155
- n-1 —  o-1 7 o7
= 40.02
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b=Xopp J 125710 g,

v 8

tooos,ar. =1 = 2.365

[t] < 2.365
we don't reject the H, I ¢ = 14.
e~ a FIpHI R

FEAEEa > HEESE “B—-RE” HBE ML “H_RE" SBE - o
MAMMBPERE2.7BL; EaBMBE IR EaRREHE  H—-FEZHD
SHEBMBAAN 1-5 RENIUBRRIRETHBR REXRCEEARBRAOB
o 1-SHEBRWRNMA ( Power of the test ) » fe—HAN x BEF (EHIR
HT) » —EmH 1-8 TLUFE HEK o —ERVH#R ( Power curve ) W] LI# Hi % (
B2.8)°

2.7 The relationship between type I error, a, and type ] error, 3.

8 =P ( rejecting H, )
1.0

@ 2.8 The power curves of test with two sample sizes : n: > ;.
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P ( Rejecting Hy ) = P{X >t ~ 2—% or X<l — 2| ¢}

_ v g,
_P{'\X ,u()‘>21/"n—ir't?

F2.8 FEO2.SHEHLAESLVEEE (=) THALRSBTHEZIEZE Iom
» HBEEE 90 % -

Solution: H, : u=172
u

4,

1l
~

i or 73
the rejection region is

X<72—1.96 /iﬁq_z_ and X >72+1.96 1/5~02

n

the acceptance region is

72—1.96/-5'—32— <X<72+1.96y 5.02

Q

B=P( accept the H, | u=710r 73 )=1—-.9=".1
Because of the symmetry of the normal distribution. We oniy need to calculate sample

size when one of the alternatives is true.

B=P(72—1.96 5—;103 <X < 72+1.96 5'32 [ £=73)=.1

5.02 5.02

72-1.96 202 —73 g .. 72+1.96 /5= 73
P( < = < Y=.1
03 503 502
/sn / n / n
7273 —1.96 /222 72—7341.9 5'n°2
— 2L )

B=P( ‘@ ﬁ.oz

n n
=P(Z (n)<Z<LZ,(n))
n=10 Z,=3.37 Z, = .5486
B=P(—3.37<Z< .5486 )= .5+ .2=.70
Therefore we know n has to be greater than 10 and Z, can be taken as —co.
We need to solve the equation
P(—0o<lZ <2, (n))=.1
The normal table indicates that

Z(n)=-—1.28
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—

-—

72—-73+1.96

5.02

02
V2

=—1.28

2—-13




Problems:

1.

Referring to EX 1.3, how would you conduct a hypothesis
testing at 5% level of significance? Write down the null
hypothesis, alternative hypothesis, test statistic and the
critical region. From the sample result, what is your con-
clusion? How large should the sample size be in order to
detact a difference of .1 90% of the time?
A sample of 14 crabs were taken from Eureka area for tissue
analysis. Their Ag contents are as follows: 7.9, 7.2, 12.2,
9.9, 10.5, 28.3, 15.5, 12.8, 20.3, 19.0, 18.1, 8.0, 2.1, 1.5.
Calculate 95% c.i. for the averzge Ag in crab tissue.
A fisheries biologist believes that the population of trout
in a particular lake should be held at the 10,000 level for
optimum fishing and continued stability of the fishery. He
takes samples periocdically having first marked §500. If a
sample of size 200 fish is taken, what should be his deci-
sion rule choosing between
a. This population is 10,000
and b. The population is above or below 10,000.
Stating that b is true when in fact a is constitutes the
more important type of error, the probability of which he
would like to hold at .10
1. If in a sample of 200 fish, 6 of them are marked
fish. What will your conclusion be?
2. If there are actually 8,000 fish in the lake, how
often will you conclude that there are 10,000
fish in the lake?
From investigations off Japan, Wilke has shown that 90% of
adult female seals are pregnant during the winter season.
Of seven seals taken off Alaska one winter only two were

pregnant. Is there reason to believe that either this is

2-14




not a random sample cof North American fur seals or that
the propcrticn of pregnancies differs from Asiatic seals?
5. The following are the petrale sole data in & sample taken
from the bcat ALEYX PALADINI at San Francisco 3av,

February 1, 197u.

Male Female
362 428 338
3u6 Lag 368
34y Ly uw2q
382 Lt nL3g
350 uads 476
370 332 430
352 L1y
3ug uig
382 Lu?
3uy 390
374 uly
350 418
362 380
336 4310
334 474
350 426
342 378
342 380
336 uyno
360 3886
368 43u
35L 410

a. Calculate the point estimates and 95% c.i. of the aver-
age length for the male and female.

b. Calculate the 95% c.i. for the percentage of females in
the_catch by this boat.

6. During February 1968, the crab cruise had in the sample 30

legal male crabs out of 185 males from dépths,.greater

than 30 fm. Since the trawl netewas used, it ié assumed

that there were few escapements. Therefore it is reason-

able to use the sample data to estimate the population

proportion of legal crab. Calculate 95% c.i. for the per-

centage of legal crabs from that depth.
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= ~ ™% 5 # ( Regression Analysis )
MRE—HARENER (X, Y, ), oo » (Xa 5 Yo ) 38R 400 32 o 180 Rl s 2B 8 (
X, Y)RRM®% i MaoBR R TeERE M EREHE R KE > RERMELE - Gl ERES
HREEZELHEKE CRYREFRABE RIEREERKERS R RMBELBEHARE
FERBRARNESR, flin . ERRAAENRABRNBRIERESEHRHBBENS D
REMEIFMBRIIA &BE ( Spawning stock F1 Recuritment ) fIBR R c MR TR B S
WBEREFHMARE  MAERR HEALKENEHEMENER  HEEHFK
)RR ST o
MR
HEREANXEZFA YW EFEHEEY.  BAXELEREXNY HIME - EEY,
BE—EXHRtkE s &
EY,=a+BX (3.1.a)
HE EY:=p, + B (X~ ) (3.1.b)
a BEE ( Intercept ) (FHPWAEEXEZ a HE)
BRME (EBREFEY) (FyRB_-REZLHEER)
REZEMRIMY F—-EREMEAERY REBRX » B X LUERRY » #

BEMERE
EXy:al'f"ﬂlY (32.8)
BE EXy=p,+8 Cy—py ) (3.2.b)

A 1DH(3.2))EBEBTMRE  HER—KEN  RY BEERX » YHEBR
[K# 2 ( Dependent variable ) » X # % & M # ( Independent variable ) o
RREEXFYHRARME MBHA( Bivariate ) 88 » ABa R B RF MY - HE

& T A SHR A EN T R B AT ERW B /NFEFT itk (Least squares method — LS )
s LSAHEAN A MERATIAEANR R B 9B/ BRAFRENEH :

a s H{EM—BX, YREEBOE > FHER 1,-=EY, IBEH(HF o,

b v MEM o BHE NEX MM

cABMEMY. RY, » ixi BEBILW FEMAKE. (3.1) TUBK

Y. =a+pBX+e

Y. ZBAME » e BRER LAZHBRERER e BRERSE  HFEHERFTNBEY
Rol=0of » o ey REIUM (W3.1) -




L 1] N3 [ i X
X X, *y Xy

3.1 A linear probabilistic model for fixed independent variable X .

3.1 A BUBHXEREEW

HEM—-EER (X,Y) » XERTHUEHNT A EERYN HE—EHX » —&§
BCYs DELZTR-FAMX'sJERAEAMAHME X/ ( 1.40", 1.45" , 1.50"
1.55" #11.60" ) » BREHEEBWRE ( Measurement error ) » F—TREAM » WK
X BEREY's - BEXNRTEHY ERREERMEHREY BHOT !

1.40" 1.45" 1.50" 1.55" 1.60"
Jn Vi Vs Vis Yis
Y Y2 Yes Yau Yas
Yo Y2 Yo Yo Yags
3.2 MA_:
XAMYEREEIE  FHRNBEERBNNHBLIK :
X Ux o’z pdxo

[Yj ~N({ﬂy} ,{paxay ﬂzyy})

p BEXRY S HMAEE » poxoy X , YRIMHE ( Covariance ) o fl1 » —ER XA
Ea g B8 E MMM ( Bivariate ) W HBLHE > BEREFEARENOT :

Iy (x =) (3.3)

Ox

EY. =4, +p




with oix=e¢l(1—p) 0 Zy =5 in (3.1)
and EX,:px+pZ‘(y—ﬂy) (3.4)
y
with o =05 (1—p) p‘;" =8, in (3.2).
y :

THRBLIBYEOEENMA . 88 ( Fiting JRARIAHRER K —BRWEXHH
HERBRNFEHECLS ) o

(3.14)
7 (3.3)

3.2 Linear relationship of X and Y when

X and Y are normal r.v.s.

3.3 BLSHKfE af B
o EEA (X, Y, ), (X, , Yo DiREEB—EHERAR LS fitEa
, PRGEBEEY. MO MEEY, ZEHTSRAERNME  GAQ RS » RMK
H— AR B R SE o MW SEE K @A ( Sum of squares ; SS ) AHUBAR
SS=X(Y,—EY, )?

=2’{Y,(—(a-l-‘3x)}22}.'92 (3.5)
EESS HER (3.5) WER/D REAH Ha , SRSSHIHST
ass
3o =0 (3.6)
7 22 =0 (3.7)




BB AER(3.6) R (3.7) BFANBa RS LS 53 E -

a=Y-8% (3.8)
2 -X -Y
,3:3()2(()%25((‘; 2 (3.9)
HETBREEXE
A A N
Y, =a+8X (3.10.2)
=% . =Y+ 5 (X=X (3.10.D)
= 4 + Bx
P4

B 3.3 The linear prediction equation.

HABRY o BT IIRME

T(Y-Y )"
Sy2X: (n__zx)

BPREXFH () ZEBIENBE (HFHER - BRUR > AAKHELEN
B, SEEEMARIBRENHAEEY. -

EE A S 2 AHREX Y 2 MeE ~ 87 “B” MK LS HBEAR—EY®
MUY LRERSE  HTFHERS > BREYE

(3.11)

7 = o
" Z(X-X)?
. N 02
i.e. B~N(EB ’Z’—(_X_—f_)T)
MR BAME > v; MG E R

2 8.4

Sﬁ\:m—)z— with n—2 d.f.
Byl1—aBHEEM

A}
ﬂit‘a/z,n—z 'SB




PREETLUARBEEEBRE S=5 » I HBIBBL=8 o

where t = B b with n—2 d.f,
Syx m
HH—-BHX, YOBEHENESOT
9. =a+pBx
=¥+8(x=%)
E%?‘»‘ﬂg%ﬁ%%‘,‘iﬁﬁﬁﬂ » Y %Vﬂﬁﬁ’ﬂﬁﬁfﬁé ) Y, BREEELSE  HEREY,
' BHR

2 2 ETd 2
9, =a, +(X—X)? e a}?
x A
2 2

_a o - 2
P IS S
—% 2
=o' (g + 3l (3.12)
— X \2
or s? =s2 (%-Fz(xx_);))z) (3.13)

x

EY.#h1-cBEEME

S'\xit‘a ,n—21/[syzx ( %‘FE%)LZ )}

HHBA (3.1) THME Y HBREXSRXBRRAD » XBRET » o) %A
M 3.4 FiR o

y

X

B 3.4 The confidence band of EYx.

HEY, NBERRBRERAEW -
ERa HABER (3.8)EMLSHEmESE
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. _ o2 a?® -

e—— —_— e 2
@ = T T (x—x) %

:02(_1_+ X:

n ¥(x-X)*° )
BAXBHE

1 <2
saZ:sy’x(n;ﬂ‘-ﬁ)—!—) (3.14)

AWEBEESESY RELERe » BHE
0 s af l-a EEEME

X2
a\t t"a/z,n—z @x ( %+§T§xfi_)-7 ) }

EEBRFAROEHREERARE  HERBRER a=0

Fl3.1 THRFESKR (mm) MEH (FH) (PMRE)H-EELEER BREIRKE
15 BAREREZEEBBERREER -
a EMBRAEME 9 2B ERLERSE -
bHEBEIOEXFRHTHER -

Xi ¥i
(time) (length) (x=%) ¥; (% —%) (x—%X)* & (§i—-y)* ¥
0 63 -5 —315 25 61.4 2.56 3969
1 66 —4 — 264 16 65.4 .36 4356
2 68 -3 —~ 204 9 69.4 1.96 4624
3 73 —2 — 146 4 73.4 .16 5329
4 77 -1 - 77 1 77.4 .16 5929
5 80 0 0 0 81.4 1.96 6400
6 84 1 84 1 85.4 1.96 7056
7 89 2 178 4 89.4 .16 7921
8 96 3 288 9 93.4 6.76 9216
9 99 4 396 16 97.4 2.56 9801
10 100 5 500 25  101.4 1.96 10000
TOTAL 55 895 0 440 110 20.56 74601
Solution ; The time period (x;) is a fixed value. The length (y) is subject to

error, i.e. Y is a random variable.

The LS estimates for 8 and a are




é‘_}:(x—i)(y—?) ~Z(x=X)y _ 440 _,
T Z(x-X)? Z(x—x)? 110

A
and a=y—Bx=2L _ 45=81.4-20 = 61.4

We have
A
Ve =a+8x=61.4+4x
The sample variance is

A
F(y—¥:)* _20.56 _, ¢
n-2 i1-2 =

Syt =
a -~ The answer to this question is to construct the 99 % c.i. for 2. Since 1—a

= .99, we have a= .01

Syx

A
+

8+ b 00s, 0 7#?—)—?—
=4x3.25,/%28

=4+ .47 =(3.53, 4.47 )
b - Estimate the average length of a fingerling at week 10.
Yo =61.4+4(10) = 101.4

1 x_-i)z
832 =84 ;‘*'——r(
o =S (gt T o)

- _1 . (10-5)¢
=2.28(q7+ 15 )

95 % c.i. for EY,, is
T *tooes,0 3¢,

=101.4+3.25( .8517 )

=101.4%+2.768 = ( 98.632, 104.168 )

$3.2 E—KMMERK ( Herring ) AZEF - BB IRBRANBEANSENES

X length ( mm) Y number of eggs
163 14083
168 16985
168 16380
171 15135




172 13526

176 15052
193 25294
194 24309

a s EREEEE?
b s HHIEGARAEFRS 200mm CFHEMANBEN SYEREM -
Solution ; n=38 ‘
2x = 1405 2y = 140754
2x*=247703 2y* = 2624423036
T xy = 25062246

N Ixy-ZXEY 25062246 — <1405>(8140754)
B=r I ™ 775 (BY = 360.389
g
a=y-fw=2495 _ 560.389 . 199° = 17504.25 - 63,209.518
= — 45699.068

y =—45699.068 + 360.389 « x

SZ._E(y'“g’\x )2
e

_1Z(x=X)(y-~7¥)}¢?
T(x—%x)°
n—2

I(y-y)?

_IXZY 4,
Z'yz_(z'}’)z_{zxy n }
n },‘xz—(SX)z
n

n—2

147,961,971 — 1 34232475 }*

- 949.875
6

- 24,591,807

6 = 4,098,634.5

-0 _ 360.389 _ 360.389 _. 360.389

s? S,z o 4,098,634.5 ,  65.58
‘/{zcx—i)z} 4 949.88 }

= 5.486




toos 6 =2.44

> 005

We reject the H, and conclude that the regression is significant.
Yr00 = — 45699.068 + 360.389 ( 200 ) = 26378.732

1 (200-x)*

ECRRLAR A fee Sl
_ 2
= 4098634.5 { %+ 200 94197.55525 =)
= 3075984.99
9,0 = 1753.84

95 % c.i. for EY,, is

Yoo £t 025 8 83,0
=26378.732+2.44 ( 1753.858 )
= 26378.732 +4279.39
=(21783.809 , 30658.122 ) .




Problem

1.

In an experiment at Cultis Lake 3600 numbenmed tags were
put out. The follewing table gives the number of recoveries
by block of 600:

group (XD recoveries (Y)
85

81

76

58

60
100

o nE W

Find an equation of the form EY = ¥ + B(x-X). Is B
significently different from 0 at the 5% level of signi-
ficance.

The percentzge of l-year-old femazles and the conditional
index of the shrimp indicating the relative average weight

of the ocean shrimp from 1964-1973 are as follows:

Year X(Conditional index) Y(% of l-year-cld famales)
1964 1.28 u7
1968 .95 58
1966 1.05 37
1967 1.08 65
1968 1.13 535
189689 .93 48
1970 1.0¢ 58
1971 .75 42
1372 .78 42
1973 1.22 ‘65

Fit a straight line for the data. Test at 5% level that
the regression is significant. Construct the 95% c.i. for

the % of l-year-old females when the conditionel index is 1.

The C/E for barracuda at Corcnados Islands, Mexico,and
the average of the first six months temperature from 1943

to 1973 is as follows.

3—-10




X

(averzage
temperature y
of the first R (C/E)

Year 6 months) esy-y 1000 1b. v

1948 l4.8 .ug27 .8¢3 .41023
ug 1s. L2229 L7584 .Se1l
50 14.8 .08687 .48 - .41028
51 15.4 -.3117 .48l .8027
52 1.1 .0265 .833 .6085
53 14,7 .02u2 .389 .3u48
S 15.4 -.20¢97 .593 .80273
55 15. -.1751 .3686 L5811
56 4.6 -.082u .137 .27%u
57 15.9 0 1.129 1.12¢
58 16.6 .013 1.6 1.587
59 17.1 .388 2.302 1.914
60 15.6 .5158 1.449 . 9335
61 15.4 .013 .321 .802
82 iu.8 .323 .733 410
63 15.4 .2163 1.01¢ .8027
54 15.2 -.0748 .597 .6718
65 15.2 .1801 .852 L8718
66 15.7 .3851 1.384 .998¢
67 15.0 .3008 . .8u2 L5411
68 15.8 ~.hu48 .816 1.06y
69 15.3 -.12536 .623 . 78334
70 15.3 -.1303 .807 L7373
71 iu.5 -.10806 .1086 .21uQ8
72 15.3 -.72972 : .00786 .73732
73 15.7 -.850¢ .1usg .898¢9

Fit a straight line for the data and construct 95% c.i.

for the regression cocefficient 8.

3—-1







v~ k3t # ( Sampling Planning ) — 84 B M4 M
ENMER RFNREEENRE 2% o N ER B R A S .
REFEA G AL —BEHD LB AREHRS - HBASLERESHE - — /8
BRNMRH R ERER AT AN BB T BEN SR - BEFEEES » — %
BA > THUSK 1 & HAYR0BE ( Purposive selection ) A #A M ¢ Probability
sampling ) o H E 4940 BB AR T W GBI EE o T 508 B BR
HRE M A0EH B RS o SRR - IR B — M O R SR -
BAKEHLEY T 2MAE ( Consus ) BUAN » AEMELEERAS  HEH
£
LRER -
2 MR A WAL - DR AR -
JEHRE o
LERE LHBTEARARNEE - R TEAHEEH AL - & T 580 5 -
B AR T AR E W T LR AT
LREAEZEY -
2 BB RS -
LREE IR E K o
LEBEEERF > MEERBM -
5 g B -
6. 10T 88 o
7. T AR -
8.2 KA 4T FUE -
OB RAEZ BN AR -
BAMEERELLSB-2 , 3, AN PEEERS - BRENHEEERE
BMRWAFTIE E—MANEETE DERESESRERE  BETHREEAS
o FiBE R AL ( Formilate ) — EHEERF » LELRERAT » BHMEL
R BB o (U » % b8 8 LB T GO R T 13 AT 0 RS MRS 0
AEN—-HERABRRES - —MTE > WERARRRAKNREL - Bit— BEE
0 B Bk T A3 B TR 0 R 26 B0 R Bt BV B B o
A8 8B % 7% ( Simple Random Sampling , SRS ) RIE7E— @HIEE Heb » 48 10




FE-EEUHEARAREBANATENE EXLHNHRAES BUELTERASHE
B ER BRI ( Sampling without replacement ) o MR RHER MR » TR BB
FEBHMERAED > EHERASHE > TEEAMRERARIEIEL -

MREREP ENBEET - BAKNED » REES TR &0 BTHHRK
ESRSTH» B—BRARMMNWBEER - FLUAREM—RANBRER

_ 1
N N7 (4.1)

n| (N-n)|
m%&m%ﬁ@%m—%&’%ﬁ—ﬁ$$QKMH%&$E%’ﬂTEEﬁ§m
&Kgﬁﬁmwﬁﬁﬁﬁ%f’m%—ﬁﬂnﬁﬁ&m’E%E—ﬁi%&ﬁﬁﬁ%:

1
C

7 =g .........N_}Hl = ng
n! (N-n)|
n! BoEHFEMNES ERE—EXNUBIANHRE - AIN—ERBEE=MFE
TA~BRMC BAMK/NR2 » MWARE » THEMNREARE AB , BCFRAC» AT
E-HEER MEFH (4.1)KX > N=3,n=2, QI — S EXABHBHEE !
1 __ 1

C? 3!

2111
4.1 EREGKE
BEFHENRBARN ZUERNSY AN AEETHERRBESLE
Biomass & B8R - NRGRLY - MR KA SRS » RAFYER BT @O R
Ei53 > MRAMET EMHA B, CEEMMEL, 2, 3 BRFHEp=1LT3
=2 ) FHTEREK  RANB 2 » TAMT

(4.2)

-1
3

B X BuE REAF 5@
: sample
( samples ) ( observations ) ( meagy
AB 1,2 1.5
AC 1,3 2
BC 2,3 2.5

no BEAFHME (Y)HFHE £

Iy _1.5+2+2.5

= =2
cl 3




Ll py=p,=2
KEERRBENTHBLTERR

o =2 Nﬁn (4.3)

o R ytymE =E e N

Ngn BREMRYE & EEY ( Finite population correction » fpe ) » ZZD%H:@%-Q/‘)YQ

5% fpe BTARAT Hit > MRHNUBWTHES » BAANZHBHR/ BI—BFRE
BULUBHS &R EE -
MR o BRRAK > GEABY s Bo* WRREHE -

sz:Z'(Y*V)
n—1

THEREAEERER

s N—n

Sy =5 (x>
4.2 BAXPHRE :
Y HRERE sy REBYVHREEN-E L X SBERNEE yHESE
Es o BRAHKA/ 0 ﬁ?ﬁb&ﬂ:ﬁ% o SHYBMRETREEMMN  BRBMELR K >
LUBMYHWBERE EfFAENGHBRFYER  KENWEMRENRESZAN X
N ey l1-aBEEME

N—
’Yiza/zT}- ( Nn )

BEEMMN —LHEE

s N—n

d=Zopp v/ () (4.4)
B it

n:1+(idﬂi-)’§y (4.5)
ERIR5% (4.5) ARME

u:(_zid&z (4.6)

HHEMRSHMOEMEFEHAAHHER  IBREXXNTLBEHER(4.5)H (4.6




) RRE - MABRAANSANHERZE (DREYEREENY  ENLEERLER
BIrEENBENEROEHNE (2) » REMM (RFBR) THIAFEHERIKX D
Fla.l AYBRREBEABNEBE - AOF 1000 kAENP > RLUMNHRER B+
WA s =15 EASRS » gHHMUSVERAEIBTHEEC5mm 2 » R
B 1/20 FIBEETEEM -
Solution ; N=1000 d=10.5
st =1.5 Zop=2

Using equation (4.5), we have

(4)+(1.5)
s e
LD 1 =Tozz - 284

55 1000

a sample size of 24 is needed.
B-EEETHRBEENL X RS R K ( Coefficient of variation » CV ) o ¥y
CVEEERTHWEERENENTHE ¢+ A

CV(y):%% (4.7)

Moy Ml p RRAM > 85 My TRHENRE
CV(Y):—SSIL (4.8)

RAREADBRELBEANERBRNBEA » AR TEECY B—7
Bl FLUERLEHE - CV b ARRERAAN  §—AERRBR, CVAREE
4 REZEER ( Range ) » MECVALTERRE » BEAABBAEREREHA
EEREGAMURE > TARROT RS THE - R MY ADEEHE s, 77 HRE
THAICV 48 @ 3 SRR AR -

4.3 BRARGHER:
BEER T, EERAT=Ny kARG THRAES R

sy’ =N?sy? _—.stT2 Nﬁn :—sn—2 N(N-n)

TH1-aFEERRZE

Tktep oy s/ {NCN=0D (4.9)




Problem

1.

In 2 population with N = 6, the value of vi are 3, 3, 1,
11, 4 and 7. Calculate the sample mean y for all possible
simple random sampies of size 2. Verify that ¥ is an un-
biased estimate of Hye

From a previous survey the sample standard deviaticn of
Ag in N.C. crab tissue-is 7.35. In the future analysis
how many crabs need to be taken in order to estimate the
medn Ag content within § apart from a chance of 1 cut

of 207

The 1973 razor clam survey at South Clam Beach, Ca. had

the data for four strata as. follows:

Total Number Standard Average
Tide Stratum of Diggers Deviation Catch/Digger
Series No. (Nh) (sh) (yh)
-.9 & Wkday 1 240 5.6 156.8
above Wkends 2 152 5.7 15.0
-1.0 & Wkday 3 627 7.12 12.8
below Wkends L g00 §.38 13.986

In order to estimate the total catch at the South Zeach
in 1374 within 1000 clams, how large a sample size should
we take? How would you allocate the sample among the

strata?







&~ #5594 ( The Analysis of Variance )

HERBERETFHER  AMAtREXRERERAESEZAA - HTRZ ;
BRIk @Eﬁzﬁi’:}@Zﬂ:ﬁ HRAAFRE O FREMIE - — BB EkEIRE
BHEHENERBIN ST ERREk BEATEHE LHBHTERARG (ERBE
MEET)  —HRRBERTELHER B, > B—H P ESABENB S £ ERESH
ZH( Error term ) o EFBRBR T SAMBHANEAEB SN EAE FEF S/ »
TR —EF T - BREANFEPER T EHEBR - EEB I/ B0 U B
STHT o
5.1 FHHE

MRBMEREEZKNFHB 0 fin » BYREFABEBIE - KB H S0 fo
 AIFEtEREER

8,3

2
F”l”zzhglr‘ (5'1)
2

———

a7
HEHER v My,
s BREHE | AREORAES

i =0 — 1 for i=1,2 o
EER—-FRAEAMELGEE  S—HEHERIRSTFOREAR S S_HESE
MEABTNELE FEAEARZ-ERERBER I ASHERER > ERF K5t
EERGHBLEEEZ AR ERH S -

5.2 E2fEMAE ( Completely randomized design » crd )
RREMIHRBRMEN—ERY - BEHEABKRQTEE—F R ( Factor ) B
FHRNBRENER  HRRXEBEZTAEBREE ( Treatment ) « F— BB E—
B - AE—RERHEBR— S5 ARBLEEATSE Al £AVERTHENE
BRAAMEZEHERRAE - REZ AW BRFTRAOENHBBEANOBE - Rt R
FPREBERRMEAN > FABEAPERES % - AE—WEBEERT BB
( Measurements ) ( M > N1 RFRZESHLEE)  REUBSFHER « AR
BMESH2F REWERRSE
LA Rk SO MR -




2kERBHRFESK -
SkEREHETHER -

EELBRG REENEREBHE  FHEEOE S LREEERANEEKE
o k ERE 2B ATMAER > TLEAENEARNKEH B2 BRERRIATF &

AEHERF BRENRERZE ( Error ) o

—ERA SR CRFEBTHTANATRYE  ROFkEEE & (L HRE

) RFAEREk BREBTFHEAENERRBRR  RERMAF

H @ == =y
He : ZEVERWE R THEEWD-
EEARk BRAXNR 0 OERK 151, s ko HEEMT

@ B 55 % ( Treatment )
T, T, ceeeeeee T, e T,
Yn Yie Vi ik
Yo Y22 Yz Yax
?f ;%?_ ......... _%%_ ......... ?f , 7

V RIE R | BB ERFTHE

=_Z’Ey,,~ T
Y——FE- BEFEHE-

i=1

FAEENRBTFHMBEEE ( Measurements ) fy# & ( Variation ) aJLIFF @ MAR K

% ( Total sum of squares s SST ) o

k n;
SST= X X (yy-V)* (5.2)
i=t =1
SSTR R MEFE G0 !

k n; _
z Z (yi;—¥)?
i=1 j=1

SST
(5.3)




k n; k
= Z 2 (Y =¥t + 2 o (¥ -7
=11=1 i=1

SSE SSTr

EAK (5.3) MASS—ERAREER—BAENRE  BESREFHA ( Error
sum of square » SSE) o 7k k BG4 W5 % 2B » SSE A K E A4 ( Pooled
Y EEABS > TS AR B ( Common variance » o° ) #J/N{E #E ( Unbiased esti-
mate)o T HAREARMY MY » % B S E 2 FJ M ( Treatment sum of squares
+ SSTr ) o SST @ iE & & ( Measurement ) ZHWBEAM K EREFHENEE - %
EkERBFLE L RAN R ERLESST MSSE , MESSTr kK SSE,» K
HEKESBZEUBEAR2HEE - BASHZEFMT

Eé’i BAAEHRGE BE  NEHEF st FHMSSEMSSTr Zame

g%lgl n;—1) fk—1c ERMIAERAKBSR > £ERBHHRE ( Mean square

error » MSE ) SZ FFIBRLUTCH EHE o HIL® 5 45 #73% ( Analysis of variance table
, ANOVA ) £
*5.1 FTEEHZFZANOVA

B RE

BERIE £ H A H BB Mean "M@
Source of ™\ Degree of Square /Expec-)
Variation ( Sum of Squares) \ _Freedom ) Error tation

Amon k

& 2 n (Y, -9 k—1 MSETr = bSTr o +n* g2

Samples i=1

Within ko N k

2 F (y;—Y )t 2 (nj—1) MSEE=SSE a?

Samples ji=1i=1 i=1 d.f,

sn¥HEE. n;=n
ErREBBTHEMREZHEERRKT » o/ =0 o MSET i MSEE ZHHIRF&F 53 »

HAXEHAEER

k
2 (F =T (k=1)
P _ MSETr _ i=1
vi.»2 T MSEE Tk k
z X (y;-¥i)*/ 2 (mj—1)

j=11i=1 i=1
EHER:




EFEHZFEARE  FERRYUKESE - AARAEROFFHAENRRE
( Critical values ) #y@i% o
KETESS >, KMBETAIEEDTE °

#£5.2 TREBRFTANOVAGHEEF

Type of Total of Squares
Total per Observation
k
grand (2Zyi; )/ % n (I>
i=1
k n;
treatment Z (Zyi; )2/ Q]
i=1 i
k n;
observation 2 TV I
i=1i=1
ANOVA Table
Source of Sum of Degree of
Variation Squares Freedom MS P
Among
Sampies (I>-CIH k-1
Within
Samples (- Zn; -k
TOTAL (I>-CI> Zn; -1

Bl5.1 THHEARZTEENHWEIE ( King salmon ) 5 EHMB A K ARERH ( 2
EHE ) CEERENETFHEENET ?
SOlutiOHZ Ho . 0/12 =0 ( Hy = 2 = MUy )

H, : o02%0( not all ¢#;'s are equal )

Samples from




Population 1

Population 2 Population 3

(age 3) (age 4) (age 5 )
3 4 3
2 9 1
] 5 2
3 6
1 2
3
8
4
7
1
5
6
i
oy . 5 12 3 Zn =20
Y. 3 5 2 ¥Y=4.05
(ZZy; )* _ 81°
e S0 AL N
D T, 50~ = 328.05
n
k (.Z'Iy,, )’ 15° 602 6°
_ i= _ 6 _
(][)—ji1 ey =5ty =397
k nj
(b= 2 % v
j=11=1
=3+ 24+ P49 + 6%+ 37+ 1%+ 2°
. =435
ANOVA Table
Source of
Variation SS d.f. MSE F
Among
Samples 28.95 2 14.475 3.1548
Within
Samples 78 17 4.588
TOTAL 106 .95 19
From the F table Fz 08 =3.59

» 17,

Since 3.15 < 3.59 the hypothesis is not rejected at the 5% level of significance.




A5 #E%E (MSEE ) RAEAKRKEXRB S ¢ » ATLl W AKX E &8 ( Population )
THERAESETOBECEWNEREERM -
w2 l-aEHEEMRE

Vit (5.4)
- Z1-aWEEERE !

(T =T dEtys s/ (= +1 (5.5)

il

where

s:]/MSEEEh/E*§§E——

(ni—l)

HEHE=I(n —1)
EFS IFREHIFENABECTHFHE=NN B S EREEH -
HA (5.5)®MUE

(3—5>it,o25;17 {4-588(%"'11_2)}%

=—24£(2.11)(1.14

= (—4.4054 , .4054 )
5.2 HEAEREFHESESHBH 1968 £<F ~-t A Eureka BEEMAE

BETINER . 5 YoBEKEXREREANHAEERYEVWEERZR -

Solution:

Mesh
Sizes 1.31" 1.32" 1.33" 1.34" 1.4" 1.5"
106 97 100 100 107 97
121 102 94 94 112 112
108 101 115 92 94 104
100 105 122 106 100 96
98 9 95 109 119
89 99 100 101
91 107
98
102
88
83
88
{yn I 533 1140 625 708 633 409 T Xyi; =4048




n; : 5 12 6 7 6 4 In, =40

Y : 106.6 95 104.17 101.14 105.5 102.25 ¥=101.2
c. 2 2
(D=L EEN )" - 08 006576
1
n;
k (z"yij bE - . )
(D= & ———=23 A0 829 - 032,85
]:1 j
k n;
(hHh= 2 Z y& = 106° + 121° + .- + 104 - 96° = 412800
j:li:l

ANOVA Table

Source of
Variation S§S d.f. MSE F
Among
Samples 775.25 5 155.05 2.227
Within
Samples 2367 .15 34 69.622
TOTAL 3142.4 39
Fs ,34 2.5

since F<Fs ;,, the hypothesis is not rejected at 5% level.

5.3 BE#8E ¥ 3 ( Randomized block design » rbd )
BEMEERE ( rbd ) BREAEFENBOEAZERE > rbd M ord FHEAMK
B tBREMEEWt BT EAHF rbd % » 5 ¥/ ( Experimental units ) & jig 5
M o LA — A ( Within block )8 A i/ VRAER MBS > REREHERBBH S
RIS -EHANESBEEM -
B B ( Treatment )

T, T, ceeeeeees T, ceeeeeee T,
B, Yu Y12 Yi; Yk Y.
—_~ B, Y21 Yz Yz Yok y: -
R . .
)
S
@m
- :
B, Yia Yiz Yi; Yix Y




[ R TT
=

Yui YLk
¥a y.: V. Yok ¥
EHEM(SS) ALUSGK=@FELTM .
k L _
F X (yy—Y)
i=1i=1 (5.6)
SST
k L kL
= _zlL(Y-j“Y)z‘F _Zlk(?i-—?)"*'?z"()’ii—Y-i*Yh'f“?)z
j= i= i
SSTr SSB SSE

SSBEMEFHFM  HEMNFHFMEMETERT °

EBAK (5.6) AR (5.3) WLUEH » % (5.3) PHREF ( Error term ) £ E

MAMBEABES R o Bt MR GEY W ( Block effect ) » % rbd FRREES H
ord 3R 2 HE /) o

rbd #y ANOVAZ RFIER 5.3 R !

#%5.3 ANOVA for rbd

BhHRE
BB R 5 A B od E [~ Mean B E
Source of) ( Sum of> Degree of KSquare Expec->
Variation Squares Freedom Error tation
k Ss .
treatment 2 L(y,;-=-9) k-1 MSETr =g o*+ Lo,/
]' = 1 . -
L SSB
block oz k(yi.—F)? L—-1 MSEB= aF 02+ka,fp
i=1 .f.
error XX(yij—Y.i—%i.-+¥)* (k—1)(L—1) MSEE= ist ot

TOTAL 2I(y;—-¥)° kL—1

ERERRHE : p=pm==pm Roq=02TF  Hont H&FHE  EARRE

H »Spp 1 16% TAKREGY E ( Block effect ) » IREH, » 0, =0 o




5.4

RETHHESSERWAELR

#5.4

Computing Procedure of Analysis of Variance for rbd

Type of
Total

grand

treatment

block

observation

Source of
Variation

treatment
block
error

TOTAL

# 5.3

Total of Squares
per Observation

(Z'Z'y;,- )Z/kL

k L
¥ F vy )/ L
1=1 1=1
L k
2 CF vyt k
1=]1 ]1=1
k L
z 2 y§
i=1i=1
ANOVA %
Sum of
Squares
(IH—-CD
anH -
M= - +I)
(MH—-Ch

E--HEAN (HBEEN) EEAEENTR?

Solution ;
Litter 1

15
21
22
17
17

O o Wby

Z Y 92

i=

¥y @ 18.4

3
Feed 2y
2 3 i=1

22 25 62

23 24 68

31 25 68

20 23 60
22 26 65
108 123

21.6 24.6

(I

D)

D

(W)

Degree of
Freedom

MS F

k-1
L—1

(k=1)(L-1)

kL—-1

;
v
20.67
22.67
22.67
20
21.67

ZZy,; =323

¥=21.53

TIEREE—SHEL BEANMHBEE - A7AED - SEHMNBERLUN=




H : -7,421. =0 or Hy = e = Mg

_(ZZyi ) _ 323% _ 104329 _
(1= " =SXE T = 6955.267
L
g (% v )
(D)= 2 —=f———= (92" +108" +123® ) / 5=7051 .4
i=1
k
(.2 yl) )2
(D= Z -—J—:ik———: ( 62° + 68% + 687 + 607 + 657 ) / 3 =6972.333
1=1

(N =2Fy* =152+ 212 + --- e + 232 +26° = 7097

ANOVA Table

Source of

Variation SSs d.f. MSE F

treatment 96.133 2 48.0665 13.476
block 17.066 4 4.2665 1.196
error 28.534 8 3.56675

TOTAL 141.733 14

Fa s 008 =4.46
since 13.476 > 4.46 , the H, is rejected at the 5% level. As to the block ef-
fect, the F value for block is not significant at the 5% level ( 1.196 compard
with Fy ¢ 0.05 =3.8378 ) therefore there is no significant difference among the

litters and the crb can be used just as well.

5-10




# 5.5 Binomial Probabllity Tables
Tabulated values are P(Y=a|n)

P

.01 .05 .10 .20 .30 .40 .50 .60 .70 .80 .90 .95 .99
a
0 -951 774 .59 .328 .168 .078 .031 .10 -002 0 0 0 0
1 .048 .203 -329 -409 .360 -259 . 157 .077 .029 .007 0 0 0
2 -001 .022 072 .205 .309 -346 .312 .230 .132 -051 . 009 .001 0
3 0 .001 -009 .051 .132 .230 .312 .346 -309 .205 .072 022 .001
4 0 0 0 -007 .029 077 - 167 .259 .36 -409 .329 -203 .05
5 0 0 0 0 -002 .01 .031 .078 -168 .328 .59 .774 .951

P

.01 .05 .10 .20 -30 -40 .50 .60 .70 -80 -90 -95 -99
a
0 -904 .599 .349 .107 .028 .006 .001 0 0 0 0 0 0
1 .092 .315 .387 .269 121 .040 .01 .002 0 0 0 0 0
2 -004 .074 .194 .302 .234 .121 .044 .01 -002 0 0 0 0
3 0 .011 .057 -201 .267 .215 117 .043 .009 .001 0 0 0
4 0 -001 .011 .088 .200 .251 - 205 111 -036 .005 0 0 0
5 0 0 .002 .027 -103 .201 -206 .201 -103 .027 -002 0 0
6 0 0 0 -005 .036 .111 .205 .251 .200 .088 011 .001 0
7 0 0 0 .001 -009 -043 117 .215 -267 .201 .067 .011 0
8 0 0 0 0 . 002 -01 .044 -121 .234 .302 -194 .074 . 004
9 0 0 0 0 0 .002 .01 .04 -121 . 269 . 387 .315 .092
10 0 0 0 0 0 0 -001 .006 .028 107 .349 .599 .904

5-11







7%~ #2.8 ( Anchovy ) &9 #47 & 2 A& & ( Growth )
6.1 RIPMFREERS ( Lo 1983 )

ERETEM BEPLEERN 1976 1981 EETHAER » LE£RAE T
BRENER  UBREHRERER - EHEFEMENE 1981 EER B ITHAERS
Wi 2 o

EIBIERRTH RAFAAIRB  EISSCHEBEEZ TEN  FAZANYE
WBIA=FE 10 AANAE P BESHL13.5°15-F16.5C - F— HEERN LI
R ASE s DIEEH B HFH ( Developmental stage ) o 7 & Jif {t ( Hatching ) Z % »
WL EF& > THRBELEFEESR ( Standard length ) - ARAINEHHE
KE» FREKP IUXKBRXFBRHEELEFLH °

-¢=F) 1
& i 3 # P} & o8
Larval length .
( Temperature ) ( for larval growth./ ( Egg stage )
Date Date Date
Elapsed time Elapsed time Zlapsed time
( day, hour ) ( day, hour ) ( days from hatching,
hour )
Sample time Sample time Sample time
Begin Number of larvae Stage [
End Mean length 1
Midpoint SD I
Sample type X
( eggs or .
larvae )
Surface temp.
Middle temp. A
Disintegrated
Total

6.2 RO WH ( Development of anchovy eggs )
ASRINBEMR
REAZRM (EE8 1.23~1.55mm » 55§ 0.65 ~ 0.82mm ) ZHE(LE ( Incu-
bation time ; t, ) RE{EE ( Temp. )ME » £ I5CTHE2.5K (Lo 1983 ) » ¢ &
HENEENEY -
t; = (18.726¢ ~C.12steme (6.1)




AR (6. 1) MBBEERBTIIRMAR LR -
BEC 13.9 16.2 15.2 13.8 15.2 16.6 18.0 19.4 20.8 11.1 12.5
T (LR B

B 3.03 2.51 2.89 3.33 2.63 2.29 2.04 1.67 1.5 4.71 4.08

IINEF 72.6 60.3 69 ./5 80 63 35 49 40 36 113 %8

1981 Lab. Experiment 1976 I:/ab Experiment

FERACEAR » IR 38 B % & +—(ER%ER ( Moser and Ahlstrom 1985 )o E F|E— B
HMEEETNR» #1981 Lab. RBULKAEE=ZETRGBE T EXBERFTEHEF
Ml (%6.1) o 1981 FERER 1976 FEA-—EANEBRRMBEHEN (Lo 1985 )
cHEAEHAZ-BREENNER FEE-—SPHRERERAIINECTSE -

B~ &I EHRK ( Lo 1985 )

#6.1 (Lo 1985 )JIHENFRBE TRINEINEM—BRFTFEH (D)

% 6.1 Average age ( In hours, minutes ) ( Yi,t ) of northern anchovy eggs for each

of 10 developmental stages (i) ( Stage I was not observed ) at various tem-

peratures ‘C (t) from laboratory experiments conducted at the SWFC.
1981 Laboratory Data

(Lo 1983) Zweifel & Lasker (1976)

Temperature C (t) 13.9 15.2 16.2 13.8 15.2 16.6 18.0 19.4 20.8

Stage (1)

I 6.82 6.42 6.40

I 16.36 13.55 13.14 20 15 10 9 8 6

[\ 24.91 21.12 20.18

v 35.88 30.7 25.56

Y 44.63 39.24 33.20 42 35 26 24 21 9

| 49.64 47.13 38.56

Vi 52.5 52.07 43.64

X 61.1 56.28 50.48 58 50 39 35 33 28

X 66.09 62.63 34.78

A 69.79 65.65 56.10 78 65 55 44 39 35

yi,t:f(i’t‘)
g > tEEC ) v,  REEAEICHEIN I BRERFTRAZIEMH -

iRt Yip =8ie” (6.2)
Fibly, REENEBEH -
E tCeh Vip =ag el it (6.3)
izep &0 T: 0k $-0 - 29

Vi Tae®itthi) i = 16 (7 ¢ 01500980 jLTd (6.4)




Stage
I

|
v

\")

Vi
(Al
Vil & IX
IX
X
X]

oempox+pon

Temperature (°C)

— \ A A\
72 84 96 108 120 132

Age (hours)

Eﬂ 6.1. Observed (denoted by varfous symbols) and predicted (smooth

llnes) of time-to-the {+h stage as 2 function of temperature (°C) based
upon egg development data collected from two taboratory experiments con-
ducted at SWFC. The predicted values are computed from equation (4).

CalliBesAERZ—  REENBER-

SEFAE 6.2 ( Lo 1985 ) Fuda f8ae i W LIk 2 R OPA 4 b - SE R A BR & ( Anchovy
) EONES (45 % - 537 1800 — 0200 » AR 2200 o B HEABEEAR 240
HRENHARE -

REERE 6.2 » AT A7 1800 —0200 WEMAMKIIRFERI () » UE 24/ D
£ 59 ( 0200 — 0159 ) BFB/X0 , X1 ,%X2 , X3 (A-day , B—day , C—day
, D—day ) BinZERE 16C > ¥ - 6 B ( 1800 ) W ENRMWEFT ERER
Stage I I ¥ F VvV ¥ @1 W X X X
Age S — A A A B B B B B B,C




Day S 0 0o 0 1 1 i 1 1 1,2
Hour 20 20 20 44 44 44 44 44 44, 68

Age of eggs on daily basis

0200 0200 0200 0200 0200 0200
A 8 c D £

22 n !

0N |

20 H

19 + |

18 |

17
16

14

Temperature (°C):
P
]

\
\
N\

10 F \ \}\ | N

- l I ; 1
0 12 24 36 48 80 72 g4 86 108 120 132
Age (hours)

2200 1000 2200 1000 2200 1000 2200 1000 2200 1000 2200 1000
Time of tow

74

B 6-2. Functlon relatlonshlip of average age of eggs for the [th stage
based upon time of the tow and sea surface temperature (°C).

6.3 HNAIPEN BB HE ( Automated system )
BRFTARE  EA%M, KEE SR EE RN KB ( Frequency ) M@




Bib HARNEREFTUSHL EATIHAR £ —EBF X KPFH
GOTREB (1) v MR (k) ( 00:00-23:59 ) - MHEE () BWATED (v v Do

v BAR (6.0 HERGRFYE - MRASAURERMSMT ( T =Y ST

HER® , STREIM (2200) O » AIFTEHZERARN(6.4) BHENRE BHRIH
ARAAREHE Ay, RAAAH-HEQS » R 7 T /NBE BT 48 A K15
By BEh RZAR - RELE IRENER/NERA AHEHRES

Yi,t,k:yi’gﬁ‘k—?
B Y« BEY «£2SD;  ( SDi  BEE Y, « WREE)

it k=TI < 28D; .

Yi,:,kz}’i,t—.-k—'f‘
it | k~T|>2SD, ,

Yije k =Vi i'ZSDi,:

But yi,t,k>0 S yi’,>2SDi,¢
U EME A — B
G_{sti,t Yi,t>ZSD1,,
Yi e )’i,z<25Di’,
A
Vit -G k<T—-G
A N Jal
.Yi,:,k:{)’i,:“*‘k—T T-G<k<T+G
A
yi’t+G T+ Gk

(%6.2) (Lo 198 )
BREFMBENENGEGNRS ,A,B, Cday : S(0—-3h) , A(4~27h) , B(28~-51
h)y, C(52-75h) , D(76-9%h) - (% 6.3 ) ( Lo 1985)
BIH EMAK B ( Frequency ) fJLIAMFHE RIIWETE - (£6.4 ) (Lo
1985 )

6.4 REZRE ( Growth of anchovy larvae )
A~ KEdh##s ( Draper and Smith 1981 )
Rz Hig LR RBRABH B S 2E ( Differential equation ) 58 Hak gy o
REHBTIAARELRBRABENRE  FARKEBHEAKBORE -
MRy RREFEH ¢ AR > BME/KKE ( Instantaneous growth rate ) » g(t)




:%th . BERAZAREXIENT

Yt
BREARE (g(t)) EREX

a Yo =Yo €% Exponential

a (__g*’ ¥ —13 Ve =y, (1—-ke )Jf; von Bertalanffy
t

a 1—(—%)53 Ve =y (1+83e )75 Richards

a( l—gl,—'] Ye =X (1+e*7et 7! Logistic

ae” Ye=y e"§e Gompertz

B BAFERRER
RARFRZHERRARSAPMERRRAHZRLY » EINXEH ( Yolkk—sac ) » F&
RREABEMR » AREBRGEBRERME L & o (EE #H & ( First feeding ; FF)
ZE BENPEBUFHERCBEERITAENIAEE > KRESKXEEFRINER
HZMAMBEARSHE Yok —sac MIBALKHRREL  RREXEZRAE
Gompertz A3
Lt:Lm(—Iﬂk:)Ex”—a“—tk)}
L. et (_tf)sxpi—auﬂku
L, ZEMIZHRt HNAEBR
e BEZSEZERVHORNER (F)
L, BE £t HREHABK
a BRERRE
L. 2ZEBZERMRIRAERER
AR (6.5) ERBEKKEEE RN

(6.5)

st 1 _ —alt—ty )
qt "L~ *° .

A REER . FBREERES
a ~ SRHEMWAKRERN ( Up to 5 days old )
FREKPHMZREABERAMN FIURMESESBEETZREERR G5 R
REGHSH . EHLER ¢ ( B/NER ) BB /AREH ( Hatching time ) » (L H X
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. 000 830207
. 000 830207
. 000 830208
. 000 B30208
. 000 830208
. 000 830208
. 000 830208
. 000 B30=208
. 000 330208
. 000 830208
. 000 830208

000 830208
. 000 830208

302 52 747 500

RO WAL
CNTOUND NS AUONC ULUY = ODDNNY

OrMDO0O0000O00DOCOLRBENODNY
o]
ja g}

[N

*#6.3 Partial listing of the output data file (FOR026.DAT) for 1983: Cruise identification, tow
. time, temperature, numher of eggs and estimated ages {in hours) grouped by S(0-3 h),
A(4-27 n), B(28-51 k), C(52-75 h), D{76-99 h) and total number for each tow. Disintegrated
eggs are obtained by subtraction. E day eggs (100-123 h) are not observed for northern
anchovy and thus are not included in the output.
=
e o
(=] +2 (&)
— o °
[+1} - o
M -t [%] W .w
v o T E o) c Pt . %
n = o o D = o by Day Categories
- o (8] [l o a o (1] (=18
g z = = 5 - - o T E E
= - S & i = 3 g o 2 S A B c D
302 17 741 3530 1 1. 000 830205 1 23 28 14 Q. 1. 1. 2 0. 48. 0. 71. 0. (o]
302 18 741 540 M 1. 000 830206 1 24 20 14 O 2. 0. 20. 1. 50. 0. 71. 0. 0.
302 19 741 530 1. 000 830206 1 1 13 14 O. 3. 0. 20. 3. 91. 0. 65. 0. O
302 24 750 485 1 1. 000 830206 1 6 19 14 Q. 0. 0. 7. 0. 37. 0. 53. 0. 0.
302 26 750 500 { 1. 000 830206 1 15 39 15 O. a. Q. 16, Q. 41. 2. &2 0. Q.
302 27 750 510 1 1.000 830206 { 17 17 15 O. 2. 0. 19. 0. 43. 0. 64, 0. 0
302 29 750 520 1 1. 000 0330206 1 22 32 15 O. 2. 0. 24. 0. 48. 0. 66. 0. 0.
302 30 750 3530 1 1. 000 830206 1 2 11 14 O. 1. 0. 19, 0: 48. 0. 71 0. 0.
302 31 750 540 1 1. 000 830207 1 24 8 14 0. 2. 0. 20. 2. 50. Q. 71, 0. Q.
302 32 730 550 1t 1. 000 830207 1 24 49 14 O a2, 0. 20. Q. 149, 2. 69. 0. 0.
302 33 750 560 1 1. 000 030207 1 1 47 14 0. 3. 0. 20 0. 46. 2. 57. 0. 0.
302 34 750 570 1 1. 000 830207 1 31 14 0. Q. Q0. 0. 34 1. 57. 0. (o]
302 38 758 600 1 1. 000 B30207 1 16 14 Q. 0. O. Q. 37. 2. 9546 Q. Q.
302 39 758 590 1 1. 000 830207 1 20 14 0. 0. (o] 0. 34. 2 S7. 0. Q0.
302 40 758 580 1 1, 000 B30207 1 7 14 Q. 0. 0. 0. 35. oa. 0. 0.
302 41 758 570 1 1. 000 830207 | 52 14 0. 0. 0. Q. 35, 59. 0. [0}
302 42 758 560 1 1. 000 B30207 1 34 14 0. 0. 0. 1 0. 36. 59. 0. 0.
302 43 75B 550 1 1.000 830207 1 1 39 14 0O 0. 0. 1 0. 37. 60. 0. 0.
302 44 7358 540 1 1. 000 830207 11 22 14 0. 0. 0. 1 0. 386. 61, 0. Q.
302 15 758 530 1 1.000 830207 11 0 15 Q. 0. g 1 1. 38, 62, 0. (o]
302 446 758 520 1 1.000 830207 11 35 15 0. Q. 0. 1 . 38. 61, (o} [¢]
302 47 758 510 1 1.000 830207 1 1 16 15 0. 0. 0. 1 0. 40. 63, 0. 0.
302 49 758 495 1 1. 000 B30207 11 30 1S5 Q. 0. 0. 1 0. 63. Q. 0.
302 50 767 480 1 1. 000 830207 11 9 15 O. 0. 0. 1 0. 64. Q0. [¢]
302 51 7467 490 1 1. 000 ©30207 11 28 15 0. 2. 0. 2 1. 64. 0. 0
11 1 2 6 15 O. 2. 0. 2 0. 0. 0.
11 1 2 5 15 0. 2. 3 2 1. 0. Q
t 1 1 2 3 15 0. 3. 0 2 0. 0. [0}
11 1 1 15 0. 3. 0. 2 0. 0. 0.
11 1 7 15 0. 0. 0. 1. O. 0.
11 1 6 15. 0. 0. 1. 1. 0. 0.
11 1 8 15 0. 0. 0. 1. 0. 0.
11 1 2 14 0. 0. 0. 1. 0. 0.
1 1 1 4 14 0. 0. 0. 1. 0. 0.
11 1 3 14 O. 0. 0. Q. 0. (o]
11 1 g 15 O. Q. 0. Q. 0. O
1 1. 1 5 15 O 0. 0. 1. 0. 0.
11 1 3 14 0. 0. 0. 0. 0. 0.

NOUBIPUWN=ANODNNSWNN~OQY@MONTN

P tan ks e s

302 68 775 55

*Under each day category are number of eggs and age (in-hours).

ONFOR -+ 00RO~ OCOLNNINOONNN=NNWCOoNOWR~ Total




* 6.4 Partial listing of the data file {FORO38.DAT):
Cruise 10, number of eggs and age (in days)
excluding eggs older than 2.5 days old.

[
(=]
® by
= <
. - by 4 —
[=] e VI
g - 7 : 2
-3 o . [F
2 = g 3 o 2., =
2 3 = ® = 58 s
S 2 3 S a = < —
302 & 0733 0850 830205 0. 0000 Q. 4583
302 & 0733 0550 830205 0. 0Q00 1. 5694
302 & 0733 0550 830205 1.00C0 2.5417
302 17 0741 03530 8302035 1. 0000 i.0317
302 17 0741 0550 83020S% Q. 0000 2.0104
302 17 074t 9550 830205 0. 0000 2.9583
302 18 0741 0540 B30206 0. 0000 0. 8229
302 18 0741 0540 830206 1. 0000 2. 0833
302 18 0741 0540 830206 0. 0000 2. 9583
302 19 0741 0530 830206 0. 0000 0. 34383
302 19 0741 0530 E30206é 3. 0000 2. 1280
302 19 0741 0530 830206 0. 0000 2.7083
302 24 0750 0485 B3020& 0. 0000 0. 2773
302 24 0750 04335 830206 0. 0000 1. 5208
302 =24 0750 0485 830206 0. 0000 2. 3958
302 2& 0750 0500 830206 0. 0000 0. 66&7
302 2& 0750 0500 830206 0. 0000 1. 7083
302 2% 0750 0500 830206 2. 0000 2. 5833
302 27 0750 0510 830206 0. 0000 0.7917
302 27 0750 0510 830206 0. 0000 1.7813
302 27 0750 0510 830206 0. 0000 2. 6667
302 29 0750 0520 830206 0. 0000 0. 9896
302 29 0750 0520 830206 0. 0000 2. 0000
302 29 0750 0520 830206 0. 0000 2. 7500
302 30 0750 0S30 830206 0. 0000 0. 8021
302 30 0750 0530 830208 DJ. 0000 2. 0104
302 230 0750 0330 820206 0. 0000 2. 9583
302 31 0750 0540 830207 2. 0000 0. 822
302 31 0750 0540 830207 2. 0000 2. 0833
302 231 0750 0540 830207 0. 0000 2. 9583
302 32 0750 0SS0 830207 0. 0000 0. 8229
202 32 0750 0550 830207 0. 0000 2.04817
302 32 0750 0550 830207 2. 0000 2. 8750
302 33 0750 0560 B30207 Q. 0000 0. 8438
302 33 0750 0560 B30207 0. 0000 1. 9063
302 23 0750 03&0 830207 2. 0000 2. 3750
302 34 0750 0570 830207 0. 0000 0. 2083
302 34 0750 0570 830207 0. 0000 1.4271
302 34 0750 0570 830207 1. 0000 2. 37%
302 38 0758 0400 B30297 0. 0000 0.2778
302 38 0758 0600 830207 0. 0000 1. 5208
302 38 0758 0400 830207 2. 0000 2. 3333
302 37 0758 9390 830207 0. 0000 Q. 3056
302 37 0758 0590 830207 Q. Q000 1. 4167
302 39 0758 0570 830207 2. 0000 2.3730
302 40 0758 0580 830207 Q. 0000 0. 3333
302 40 0758 0580 830207 Q. 0000 1. 4375




RABEMRA(RANET628 ) » —AEENANERE ) Z@RE 18IFER+
WiRE HREZERERUIMERER (Lo 1983 ) o

Temp, C L.(mm) Ly (mm) a n te ( hatching time ;
days )
13.47 4.166 3.11 0.551 30 3.48
14.00 4.21 2.27 0.78 7 3.25
15.03 4.328 2.86 0.556 30 2.86
16.23 4.287 2.84 0.9438 11 2.46
17.00 4.546 2.406 1.1543 8 2.24
20.00 4.152 2.40 1.71 10 1.54

E=EZ2HPL N o (REEY) XEENEE  «a ZRERY > TLURFARE
BaRRBENEYN - EREREMFERF =0 LENZBEXE  BXSELHAL
YWENER -

Qremp = 0.11 012 Ctemp?
BREHBEAR

L, =4.25 ( ggg ) @ 011602 MR (r gy for t < 6.3 days

(E 6.3 ) (Lo 1983 )

b ~{ff& (4.1mm— 27mm ; > 6 days old (FF) ) fy 5 & M=% ( Methot and
Kramer 1979 ; Methot and Hewitt 1980 ) o

BERWE BERHEXE1976—1979 8 FHAE (1976 =, ZA; '77 . =H; '78:
- mW,AZ,ANA; "9 —H) - A8AMEE 1 XEM ( IlmRing net ) s Bongo net
( 60cm [E & ) #0 Manta Neuston net o fH A/NER 505um » G RAMNBEEHEN - #
REBRFFI 85 % Ethanol (REZE) » BHEBEERTH TR ERKEMBR B MM
#W . Anchovy ZEJNEHEME 2/ o

BENERMFREETH - REREE YW ( Snout ) AR o REMEREZ
0.1mm o &7 ( Sagittae ) RBHMAEERBEHEAT » FTH—EHF L - BAERE BEX
#% ( Polarizing filter & Analyser ) AREREB L THEETEEH - YR BEEEKRE—
FEBHRHZT (Pro—texx ) » EMBREAR ( Video screen ) LW EH» ALUBEETH
' BB SEHRAER 600X 1500x - F—HEEAF—F=FHAME =ERENHFEHH
AURBELEBRENER  FREBRRTIHEAEBR KA E BER -

FR(CAftee FF YHEERHABRZREABL FRRAMGTSE » BEBEMETE

6—10




Length (min)

2.5 3.0 3.5 4.0 4.5 5.0

2.0

o ¢ B X X +

14.,00°C --eemer
15.0%°C — - —
16.23°C --—---
17.00°C ——-—-
20.00°C ——

T T
3.0 4.0

Age (Days)

5.0

6.0

7.0 8.0

Growth curves of yolk-sac stage of anchovy larvae at various

Ee-3.

temperatures.

6—11




EoLTRRAMMBZARARREHLEME (a) !

A r — - = e z 7~ +
a 0.0462 0.0481 0.0501 0.0523  0.0547 0.0573  0.0602
monen= (22.4786 — 0.8374 ( month )) ™!
BABTEZERERRS
~amoath® (t—8.28)
Le =27 (55° ™ for 6.3< t <60 days

6—12

AN
0.0634




X~ #2 % ( Anchovy ) & #e43 & 2 &+ ( Mortality ) ¥
7.1 WHKKRBHE

% Bl g £ 2 i California Cooperative Oceanic Fisheries Investigation ( CALCOFI)
FSEFAEFBA o CALCOFI BR—FH B B B3P ( National Marine Fisheries Service,
Department of Commerce ) ~ fifj |k 28 Scripps Institute of Oceanography » Fifil /N /& 1
WEENHEER - AEHECE 20°N 2 40°N » 110°W 2 130°W - BEUE R B AR
REN B4R LAEENAY B LA ERMETRF LYK HE &
MR (ET L) °

A~ &

a ~ BOFEEMAM ( Calvet : California vertical net ) | B EES 0.25m »
El15m, EEERS0.05m » WAEE ( Filtering surface ) £ 0.87m? » & 28 Nitex
BEZV|EANRZO0.150mm « REBFRL 70m/min FEZFNRE 7T0mE > BF 108
&Ll 70m/ min 3 BEHE UK E] o

b ~ f+f Bongo net : B EX R 24 P ( Bridle — free plankton net ) - Bongo
net & 3.4m AEERMBEER0.7ImBHER - A—BRLEFAHE BELILB - £4E
BT&-E2 ATHESE FMHEKRMKE ( Oblique tow ) o BFHFE 50m/min ( Smith
1977 ) o

B~ BHER

E-HEWEAHER—EMERX ( Tow-Data sheet  (H7.2 ) » KFEEHES
» RTFEEIA&EE ( Spawning biomass ) » TEAMAF AHBLE A AR — @E
BEM (fMom® DNERER  RAATEAWZB KLE ( Volume of H,O strained
) FOHEREE A ( Depth of tow in meters ) » #E 10m* = AHEARAS :

10 B
Volume of H,O0 — X-SHF

Depth of tow
XERBEZREEVAE

10 = Standard haul factor = SHF
Volume of H,O/Depth of tow

X.

Volume of water = a.b

a . Area of month of net

b . Length of tow path

b = ( Meter / Revolution ) - ( No of revolutions of the flow meter )

Depth of tow = Maximun length of wire out - cos (tan™' T ) ~
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7.2 NET TOW DATA SHEET
crui Shi Order Station Date Hour {PST)
ruise P |occupiad Line Station yr. mo. doy | Begin Tow End Tow
TIME MESH {PORT S73.
i W TYPE:
min. ‘sac. e no, TO £
SNKONG_ _ ] — TOW NO. of
"TESCENO) METER NO.
. »{ CARRYOVER ERRCR CODE: Part__/ sto_ /
TOWING — — v — — ; A
(AT JEPTH) FINAL |
v S S _i._ ————] BuckeT TEMP °C:
TOTAL o e — INITIAL
lsscenor I S _§_ _____
AMT. OF WIRE OUT OIFF
______ METERS .._...____;__.___.L_-___
TTAL NO. OF ANGLES ACCEPTED POSITION )
-] 9
____________________ W. !
LATITUQE LONGITUOE H
!
_ANGLES ;
WIRE OUT 300 290 280 270 260 250 240 220 220 | 210
it
ANGLES . {
WIRE QUT 200 190 180 170 160 150 140 130 120 10
_ANGLES |
WIRE OUT 100 30 80 70 60 50 40 30 20 | 10
! l
_ANGLES ‘
WIRE QUT{A: Cepth  |Matfwoy Surfsce | | {
1
ANGLES i
WIRE OUT 1
ANGLES )
WIRE OUT ! :
2
NO. OF JARS WINO SKY (CONDITION)
PORT p sT8. p ° REMARKS:
o| Q o
G G {~ TOIRECTION — ~ KNGTS
TVRMALIN 8 BORATE] SEA(CONOITION) SWELL
ADDED °
__________ FT
OIRECTION NEIGHT
ALCOHOL ADDED NET ! NONE on MODERATE{ HEAVY [VERY HEAVY
‘ CLOGGING {
(CHECK ONE)
CILLECTORS INIT. L _ _ _ _ _ _NET _WASHING (cxeex oNE) _ _ _
1 NONE RINSED WASHED
BOTTOM OEPTH | _ . _...— JIPS 8 HOLES N NET _ _ . _ —
QNE | LOCATION: WHEN MENDED
HETER
_____ raTvoms ‘L{' e AR Fil OO e VR




T:i ;‘ tan 6;
n =1
@ is the wire angle.
{n is the number of 9 measured at various wire out. ( B & 7.2 )
( Smith 1977 )
SHF TRLUAERNA BB K EWE L » #l10 Vertical tow i Bongo tow o
C-BHEE
FEEABERRT % > ANAMFRISHSES ( Sorter 5 545 » 538 M Sorter
tally — data o o B IFMF AMBA KBNS FELE RN LIV F EE K E ( Data base
) & o ¥t AT IR R itk Data base chiy B Kl » H B Data base 7 1.3 7 ¥ 75 §) Data
base 2.#F FEXK K| Data base 3.4 #%& ¥l Data base 4, Cruise specification data base o (
& 7.3 ) °

7.2 RIPZIETHR ( Lo 1985 )

HR—RAMW- P REH ¢ dayw&EIB> t=0,1, - s b ot BIEMEE
B (=8B "EMWtH (AR6.1 )] »BP/P=P(T>t)=s(t)BEHEHE(
Survival probability ) » P, =P,s(t) » BEATECENEE R

Z(ty= limELE<T<t +at [T>t)

st At
T £ 4 038 I
2= SRS = I
__ds(t) 1 _ dlogs(t) _ _dlog{Pys(t)
T dr sty T It == It
:‘dlogP,

t
s(t) zeJ, 2was
s(t)=e~ if Z(t)=a
P, =Pys(t)=P,e~""

REE 1979 - 81 BHFREMBRINEHN » KEKR S ANEMBEEERTIMT (Lo 1985)

EREE T T ¥ E P
N tg 1979 1980 1981
4—16 0.42 10.79 9.34 5.64
16—28 0.92 4.36 9.22 7.66
28 — 40 1.42 4.91 6.34 4.87




7.3

FLOW DIAGRAM OF DATA BASE FILES CREATED
FROM SHIPBOARD & LABORATORY SOURCE DATA

Flow Mnoter
Callbrations

1

Meter
Callbratlon
Dnta Bnsee

CALBDB

Net Tow
Data

Temporary
Net Tow
Data Base

Plankion
Volume

Data
Sheat

Blologlcal

Source data

Dala bases { '::.uo;:‘ data base

]
O

Input to data bases

=~-~<-» Interaclion with data bases for data
ss<scses Colloction form generatlon verliication
Sorter tally
Data E€ggs
& Larvae

Counts

8ized

\\ Occupled . Sized Larvae
/ _umw._n:m:a Larvae Data Date Base
/ 200 SIZEDB
Captain’s S1oco .
Loo Statlon N
Actlvitles //
Data Base AJ
STACDB '
Station — < Qoar Fish Egge Unsized
Activities & Larvae Larvae
Log / \ Data Base Identification Data Base
\ GEARDB Data-includes|
\\ \ sized Info. UNSIZO
Salinlty- Sallnity~
Temperalure—| Temperature—
Depth Data Depth Data
Source: SIO Source: SWFC Eggs

tor2 M
Depth Ocean
Data Base
OCEANS

Courtesy of

Standard
Depth Ocean
Data Bass
STANDZ

SWFC.

Speclilcations
Data Base

Data Base
EGGSDB

Cruise

CRUZDB

dr-adp: 83/01/18




40—52 1.92 4.58 4.71 6.05
5264 2.42 6.87 £.14 4.85
64;—76 2.92 3.63
P, (SE) 9.76(2.82) 11.46(1.27) 6.73(1.32)
& (SE) £.33(0.28) 0.38(0.09) ©.11(0.13)

ASIOFTRE S (L) RZ(ED
a ~ME (P, ,t), (logP, ,t )&% (logP, ,logt) » EEHBRREP Ft
HRR c HEBRSEH EHRETERE (B 7.4 ) (Lo, 1985) °
b 4REZ(t) » BHARs(t)=e [o 2™ FE s(t) AP, =Pys(t) o

[Pt"P:+A: :
[ﬁlt ] . P,

AR ANES  RMEEBZ(t,)=0.40, 0.36, 0.37 » Z(£)=0.38 s L
Z(OR—EH > FHEEHTHE, S(t)=e™™ ; a=2(t) o
B -EAFSERARAENRARCE (BHE)
EREAED BRE—BASELHEE (Data tile ) AAEBMARERIVEE(
Frequency ) » ¥ —Zi5% ( Record ) G%FA , B, C day old & JRFIE A H (
#£63) o

Z(t)= (% 7.1 ) ( Table 2, Lo 1985 )

—-A— —B- ~C—
Tow no. t P, 6 P, t P,
i X X X X X X
2 X X x X X X
3 X X XX x X
F—AIIEE ( Data file )KEFHIIGETIIHEE (K64 )
Tow no. t P,
1 X X
1 X X
1 X X
2 X X
2 X X
2 X X

BTHEBRETCHRZ(t) = EMTUEEETAED (P ) AREFETLCE »
HBEMEREES: (¢, P )M, P ) M EREENEERSANERERBOR
KRAEWME (4—28h ), (28—40h ), (40—-52h), (52—64h ), (64—72h) » BEHES
—/NEAWESER ()  AFEH4EER (P) » % EZRAREENRHERZ(L) »—8
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B 7.4 Daily egg and larval production of Northern Anchovy per 0.05m? (P, ) by age
in days (t) and their log transformation ( In(P, ) ), 1979 — 1981.

A linear relationship between ln(P,) and t indicates a constant instantaneous
mortality rate ( IMR) and a curvilinear relaﬁionship between In (P, ) and t
indicates an age dependent IMR. Squares are egg data and open circles are
larval data.




£7.1
The instantaneous mortality rates of anchovy €9gs and larvae
< 20 days (2{t;)) by age in days (£{) computed from the
daily egg and 1arva1 production estimates (P, ) and age
1

{t;), 1980.
Daily e -
and {ar?/g1 . ty =
. production . 1

i tyldays) Pti Pti_]-Pti ti-tip (gt ) 2(tg)
1 0.67 9.28
2 1.67 5.53 3.75 1.00 1.17 0.40
3 2.60 3.70 1.83 0.93 2.14 0.36
4 3.57 2.37 1.33 0.97 3.09 0.37
5 5.65 1.04 2.28 2.08 4.61 0.46
6 5.91 0.99 Q.05 0.26 5.78 0.18
7 7.69 0.86 0.13 1.78 6.80 0.07
8 8.90 0.49 0.37 1.21 8.30 0.36
9 11.47 0.39 0.10 2.57 10.19 0.08
10 13.83 0.26 0.13 2.36 12.65 0.14.
11 15.91 0.21 0.05 2.08 14.87 0.09
12 17.99 0.15 0.06 2.08 . 16.95 0.14

2(t) = 0.0060 + 1.63/t is the function fitted to the data in the
1 last two columns for t > 4.5 days.
Z(t1) = (Pti-]-Pt’i) /(t’l - t.|_1) / Pt1




MEMBHENRRERE D -

C-MmREP =Pos(t) MAMTHE  MEAXKRME(L Bl nP, =InP,+1lns()
IR BN ESFETNAREEZ(L) - HEMRPE-FEENR K AERERE
FELEES (Lo 1986 ) o

7.3 FR(S20F<10mm )ZETHR

FRECAZAAREEABRAEZESN > M Z— KEH ( Cohort data ) » %
T RZAEFERIL ( Steady state ) THARB BB FRBEEESE ( Fre-
quency distribution ) » K#EH KR - HEEKBTHBLRERREREY BS /A g
RAMPREE  XAIRBER ETERELERR B CRHEBREEG o &
RRAZHFRWE SREFREFTLRERNBEMSENRL  SEBTEEZEE
BHE »BPOERBTHEE LAR ( Sea survey ) M ERKEMEZATNEFAYD
# 3 ( Extrusion rate ), WE A EE, R REE L EREEFROBERE ( Avoid-
ance rate ) o ¥ “FRALTHE” HET ) RARKNF: LFAREE X/ 28EE
( Retention rate due to mesh size ) SR} M A M2 WA A ( Retention rate due o avoid-
ance ) 2. fF R4 EE ( production mte ) THENABEERNRZAR » I BT RS o

A~ HFRERMh 2 EESE ( Retention rate )

a ~ fF & 2% 2 ( Extrunsionrate ) F1E7EZ ( Retention rate ) » (BHE = 1
—BER)  EREIMEFAFFLEATANABEERTA -

F E i g i E B E R
1951~ 68 1m ring net .55 mm Silk #f

69— 77 " .505 mm Nitex JE 88

78 —Now Bongo 505 mm "

8082 Calvet .333 mm "

83 — Now " .150 mm "

RTIFAEREWMEZFABTHE  KALKETNENE AR -

F K X ® E AN AR

1966 —68 1m silk net 1/2m Nylon net (1
of .55 mm of 0.333 mm
1969 monofilament " (2)
.505 mm




1982 .333 mm .150 .075 mm 3)
1983 Nitex .505mm .333 mm 4)

EARREARDARABOH K ES 0.55mm FABHE -
HBOMABRG ARG 505 mm FHE , AR ARMGE 333mm FHE -

al. 1982 M E A% ( Lo 1983 )

1982 £= A » HMERILBMEEET Anchovy B — BRI » (FT R~ BN E
FRB —HAILERK S ERXAERE—ENSHEAM L@ES 333 .150
FMO.075mm » FLAMEERKE IO WEREFEENE - B NTFEBRAEZLH
KHEACHANBELE SLBHEANACARTEZELE (LK 505mmH .333mm
ZEBE) AERKEEAMEZANNFANELE -

EHRBRS ZEARBZUE  EEAPIEAREARLIRNVE  BEUEBRIIE
NWEEEZRE - ‘

KRE=ZERMEZTHAERE NSRRI ANRIR4.5am FRBR-HRE
—— & @B/ 57 ( Multivariate analysis of variance ; MANOVA ) o AR 4.5mm &
FRAB X BRE ARBEB0.9-0.I7THEA HEEERT - (FASER2.0

,2.5,3.0, 6.0,6.5"mm ) o

EZBYBRG NP &KL ( Sampling wmit )WHREEREI > 2.0, 2.5
y e ; 4.0mm ZEES RBFLAERAESE ZRMH ( Skew ) » Fril e HEBR
x=Iln(y+1) BffFf-

HEEA®E ( Two way ) MANOVA 5 — A E#ME (0.075, 0.150 10.333mm ) »
—H RMFTAEM B ( HH (Starboard ) s ML F (Port ) ) BRENBYRESR
I M EH) B ( Significant effect ) - EEMEHRBERFTRENLE - AR AWK
BEWAEE, RMAsF HER MANOVA ; 0.075mm R 0. 150 mm A HNEEEF HEHR
0.333mmPEZRBEZTHELR  HEFRBEEYW > BRHEE 0.075 F 0.150 mm & B
BRTEIN  FRAFHEMNMEZERAA - KRE—HITHABANANR 4.5 mmiy F & 50333
mm @ HiwH o

ERERE=ZBEE TZAR4.5mmAifFABHE - HEA T 2* H5R - WNE—
BRZHFR BHMAME—ME2x3 8958 #E ( Contingency table ) » —i&%:—:iﬁfﬁﬁ ’ —
BEBTFRNATEANKERE > LU~ F5 @ y* Valveo RTRAB R ZIF R EN
RREVBEAEAN HE »* BEHE/) - AR/AM ( Among groups ) ¥ H+EHEMN »
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Ay BALMERRE “FHFE" M “BFR" 2/ EEEFHRAME X/ EH » &R
Ry MEHE(11.94 ) £S5 B2HEKETE/N (XK 7.2 ; Lo 1983 )e

82 FEMANZEEERE

BEiEEsE L#A AR Bongo 0.505 mm 1 Calvet 0.150 mm & & #4 - Bongo 0.505
mm WEFEERE 1982 EM 1983 EFRAREB LABRTBNER -

HFRHFEMEANETAME CBFEHEME .

8 :MHE BHEERABR ZEH (R
0.505 mm R, = 7({ 1+ e*30m1.008L 11 L< 6.5 mm
1 L> 6.5 mm
0.555 mm R, = ;{ 1+ et-s371008L 4t L< 6.5 mm
1 L>6.5mm
0.333 mm R, = { 0.63 L<4.25mm
1 L> 4.25mm

L: &B8BE (mm)

BN MWE g F &
0.505 mm 0.29
0.55 mm 0.27
0.333 mm 0.91

b ~ fFAE R EEM ( Avoidance ) Z Z 2 ( Hewitt and Methot 1982 )

FEBERZBREZTEREEAN HRBNEERTRABRNERZEZ TN - ¥
REFEEFERBRAWMZERBNE  ERTEHERARBRABZFENEES
FKMILKEE (0830 — 1630 ) B &HE ( 2030 — 0230 )MEHEE » THERHEE LA
BEWLE

FADN, REH#R Ly, ( Live size ) FF ( 1200 /B ) FIF K ( 2400 /NG ) i
BEZHE

DNy = 2.4931 xExp (—0.2304 x L )

BEE() AIRBR (L) TR (¢) mE:

_1+DNL 1—-DN, t
f= 5 + 5 [COS(ZﬂW)]

B~&EHW2FAEESE ( Larval production )
RS @FSx s RERRE RADAZARE ARPAZEE  EHE=4
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¥ 7.2  wumber of samples with zero catch from a total of 140! samples

for anchovy eggs and larvae bv length group, the maximum catch for each
of three mesh sizes and the chi-square values for larvae > 4.5mm based

upon three-vertical-net-experiment, 1982.

Number of samples

with zero catch Maximum catch chi-

square

0.375mm ©.150mm 0.333mm 0.75mm 0.150mm 0.333mm d.f.=2

Eags 0 0 0
2.0 mm 42 38 33
2.5 16 10 e
3.0 e 2
3.5 8 18
4.0 27 24 52
4.5 103 97 57 8 3 5
£.0 1ii 107 1C3 5 3 5
5.8 131 133 135 2 1 !
6.0 132 120 133 2 1 1
6.5+ 117 102 118 2 3 2
1

Hwo samples were discarded because they were spoiled.
*Significant at 5% level.
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BEAEEE . a NBRMEZHEBLE b - EABRMEBEZRBEST - ¢ ~@HEK
BHEZEBEE BN BTHERCE  AIMVLARBRBANER  B—8RH
B ( Length category ) v HEZHREERBIE R RFEBNEL - BREHRNER
B[4 ( Duration ) $t& » EHAFE A ZHE ( Frequency) HERHEF » HERMULAR
StEEGE B4 EE ( Production per time unit ( HEF /&) J HUHEZHE (
Flux ) o ZE R BRI ZHE 3 5 M fnsg ( Weight ) -

FREETHER  S9BER 1mmHEE | 2.5mm (€5 2.0,2.5,3.0mm ) »
3.75mm ( 3.5 ,4.0mm ) » 4.75mm ( 4.5, 5.0mm )---eeene BE-RBRZEESEGH
BTHABREKRES (Fit ) » X BEIKXERERERK o Bessel (1972) B —MEHZ
ROEEX AP UORURCHERLBREAXEESBR CFHLEE ( Zweifel and
Smith 1981 ) °
NEA_HRSENEEHHE

) 1]
Ciw Y= X k mw; x; (k+xi‘1)z_
FOxi [w) ‘mwi+k)(mwi+k) X T (K=1 5]
n
Likelihood function= =« f (x; | w: )
i=1

Where wi =PI IEME FR R Z B = Wy o Wog o ooeer = Wy
wu =RHBHABZEER
wa —HGBpBRERMCEER
wy =fF BE— 8 KM ( Length category ) Z # & ( duration )
wa = BB KEE E-EUBKEBR

n = 5§ 8 B
Ex; = mw; Var(x,-):mi+%i2: mi(l'*'rﬁ—i)
m Z2RBFLHE

mBEEBL S BHRE FAE-EUBSAKBHEZIFTHECREZHEEER ( Pro-
duction per unit time ) o
hE—RREZFE REATHED () > (D, , t) PARREFRZETSE -
( & 7.3 Zweifel and Smith 1981 ) o
C -BERMBZFAIETE (P.142-144, Lo 1985 )
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%*7.3

(1) Estimates of live' size at age of :n:"nnvies for the classes of preserved larvae’ regularly taken during CalCOF 1 surveyt and the esti-
mated “effective sampler size™ w for a standard voiume of water strained during a tow ac time of maximum catch (2300 h).
Preserved Recorded Live size Average Age from Days in Weight factor’ ~w™
Group size 1ze Begin End size hatch interval 1 16.2 19
0 0.0~ 0.5 9.00 0.02 252 an - 147 0.60 0.37 0.27
! 20- 10 2.50 15 394 123 9.67 1.93% 0.63 0.39 0.28
2 1.5 40 178 394 5.04 4.49 514 4.69 1 1.0 0.93
3 4.5 590 4.75 5.04 6.10 5.87 3.0 267 1.59 0.98 o7
q 3.5 6.0 575 6.1 1.18 6.62 10.53 240 L3 .07 0.77
5 6.5 70 8.78 715 817 7.66 12.83 L .79 t.10 0.719
L] 1.5 30 7.7% 8.17 9.18 8.68 i396 207 1.58 1.04 0.74
7 2.5~ 90 3.78 9.13 10.19 9.68 16.98 1.97 1.60 0.99 0.7
3 9.510.0 9.7 10.19 9 10.69 18.5t 1.90 1.54 0.95 a.68
[ 10.5-11.0 10.75 19 12.18 .69 0.78 1.8% t.a9 0.92 Q.66
10 1n.5120 1.7 12.18 13.18 12.63 2.6t §.81 i.46 0.50 0.85
n 125130 12.75 13.18 14.18 13.68 24.40 1.78 1.44 0.89 0.64
12 115140 1315 14.18 1517 {4.68 26.17 1.76 .43 0.38 0.6)
! 14.5-15.0 14.75 1517 16.17 15.67 2793 .76 1.42 0.8% 0.63
14 15.5~16.0 15.75 16.17 1715 16.66 29.66 1.71 1.8 0.86 0.61
3 16.5-18.0 17.28 1748 19.16 18.15 29 358 287 177 .27
6 18.5-20.0 19.25 19.18 1.8 20.47 3sar 1.62 9 1.81 1.0
17 20.522.0 .25 21.18 2.2 2.9 39.55 38 J.03 1.87 ()
is 21.5-13.0 2).25 23.21 2824 24.22 43.38 1.93 3.8 1.96 1.41
*Shrinkage corrections are dased on the work of Theilacker (1980).
*Zweifel and Lasker (1976) assign a development equivalent length to eggs {Group 0) in order 10 utilize the same cquation for development and
growth.
‘At 2300 h and ).5 m’ water strained per meter of depth,
(2) Number of 1.75 size class farvae taken in January, February and Mareh of 1969 in southern California inshore Region 7 by station
with hour, temperature at 10 m depth and standacd haul factor = 10/ volume strained/depeh. Stations are identified in Kramer et al. (1972).
January Februsry
Station Hour Temp SHF Larvae Hour Temp SHF Larvae
$0.5% 17.98 13.08 199 9 05.03 13.22 14 89
.52 19.88 12.02 s 3 01.20 13.29 148 28
.55 2.2 122 342 2 00.10 12.88 3.82 i
.40 12.82 12.82 129 bl 20.18 1284 436 0
32.47 14.70 t4.07 s 84
3120 08.95 a3 73 29¢ 06.67 13.5 1.39 51
.4 158 14.4) 122 343 10.12 {2.90 167 i8
.51 0138 13.46 298 45 19.35 12.58 397 !
i1 2138 13.29 3.26 0 2243 1317 139 [}
$7.13 HES 14.20 235 1s 17.25 14.20 .60 101
.3 00.18 14.76 344 149 20.12 i).87 299 244
.40 03.12 14.03 328 520 2178 11.39 Ja4 88
43 0s.78 14.26 .02 3t 00.68 14.07 154 14
.50 08.22 1344 193 4 03.18 1280 293 i
.35 ie. 31 B2 7 05.87 13.31 3.4 9
90.28 14.49 136 144 00.78 14.33 134 3%
R 14.79 3.9 223 218 14.63 347 Lo12
37 14.96 337 370 18.97 14.36 124 278
.39 15.68 14.80 3.48 243
.45 01.07 13.44 3.3 s 1210 13.93 1. 198
.53 20.77 i4.63 130 432 09.37 13.80 320 34
93.27 09.93 14.03 239 2 05.32 14.36 FAr) 320
.28 11.98 1412 e 2 06.78 14.38 3.08 287
Jo 14.07 14.08 328 4 09.37 i4.45 3.4 134}
.35 i7.12 15.52 118 b) 15.50 14.35 .02 843
40 19.93 14.31 320 s 20.28 14.78 9 i1s
43 22.38 i5.42 pAF] 2 210 13.96 3 254
.50 oL 15.56 139 0 0r.68 14.65 304 BL3
94.30 01.37 14.31 i97 6 17.03 13.91 3.29 354
97.29 1257 14.83 204 “ 0910 14.22 60 120
.0 13.3% 15.02 182 7 08.52 14.18 b2 n
-3 i7.28 1s.08 281 i8 07.53 14.35 314 n
.35 20.52 15.04 59 4 04.20 1433 13 pL3
40 016~ 15.48 3.00 [ 01.30 14.20 318 1}
Mareh
90.45 09.10 13.72 33 282

7—-14




#7.3 (#)

Qa3 Abundance classes of 3.75 mm latvac taken in the first quarter of 1969 in the southern Califonia inshore Region 7 with average
effective sampler size,” age at 16.2° C, and cosrections for bias due to temperature, vofume of water strained, avoidance and extrusion,

No. of
Lower-Mark-Upper stations Weight' Age Temp* vol! Avoid® Escape’

0 6 1.28 7.02 3.20 88 73 .63

| 2 1.04 8.75 399 13 .56 .63

2 ’ 3 .85 6.10 2.78 .89 .54 63

3 1 110 8.30 3.78 Ky 51 63

4 2 1.53 7.55 3.44 87 .80 63

7 2 96 6.40 292 94 .56 .63

9 1 1.06 8.24 1.76 95 47 63

10 1 1.79 8.62 3.93 97 14 63

14 ' 75 7.73 3.53 97 35 .63

16~ 21-32 5 1.2 .49 342 .89 64 63
33~ 4364 6 1.63 7.12 1.24 1.10 74 63
65~ 99-128 13 1.21 6.96 3.17 94 65 63
129-205-256 8 93 6.84 3.12 .87 .54 63
257-329-512 10 1.28 6.68 3.04 1.19 .58 .63
513-771-1024 s 1.55 6.62 3.02 93 .88 .63
1025~343-2048 1 .80 6.59 3.01 83 Sl .63

Average product of individual weighting components.

Determined {rom mesh retention study of Lenarz (1972).

Calculated from cquations obtained from laboratory growth experiments. Temperature Specific Equations for growth and development of
anchovy, Engraulis mordax, during embryonic and larval stages.

Calculated as estimated time in size interval/standard time = 2 days.

Calculated as estimated volume of water strained/standard volume = 3.5 m’ per meter depth.

Calculated as long term catch by 70:..?5:&»2._ ot maximum catch at 2300 h.
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B 1980 EFAER (F7.4; Lo 1985 ) BRBRENHF ABEECEEREE
BT OBAY D Z()=3/t c BEFEBRAKBEECTEZI(L)=(P,_ P 3/ (ti-

o) /B Bl E R L Rn S L 20 (%700 0 2R 2B

MEREZ(OHZHEABKX - BRRMNPR A4S BZFRNZI(L)SEAR—F R ER
AR4SHAF R HZ(v) BEEH (L) ME/D - Z(H) =3/t EAREBBF AT
THEMRERK  ATLUF & (<20 B > & Conditional B F# %

s(c):e‘ftj‘“dw(—ff—)‘ﬁ b < t<20 B
R TAHESGHAE
et t< te
s(t):{ ¢
e—atc (T)—ﬂ tn < t<20 E
F&FETH R
P =Pyeetc ()T =P, () (7.1)

t. REMWAER (~2585 ) ABMWEXEFERH (4.5H) °

EHEPL  RMEERANERKBBERFTEF KL ES ( Larval production
rate ) FMEF - FEERREREERE -

AEBNEH (P ) ZEH (1<20 5 ) BBEM - STATISTICAL PACK-
AGE # Nonlinear regression S| A% @& P,, ML TR EH/ S (@ 7.4 ; Lo 1985 ) o
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#7-4

Daily egg and larval production per 0.05 sm (P¢) at various ages in days (t)
sampled from CalVET and Bongo tows, and the estimates of five parameters: egg
production at age zero (Pg), egg mortality (), larval mortality coefficient
(8), larval production at hatching (P1) and incubation time in days Anﬂv in
CalCOFI regions 4, 7, 8, and 11, Jan-Apr, 1979-81.

1979} 1980 1981
Live rm<mu
t vn standard t vn t vn standard
Tength (mm) length {mm)
0.4167 10.79 0.4167 9.34 0.4167 5.64
0.9167 4.36 0.9167 9.22 0.9167 7.66 o
o ) 1.0167 4.91 1.4167 6.34 1.4167 4.87 =
2 1.9167 4.58 1.9167 4.71 1.9167 6.05 o
w | 2.4167 6.87 2.4167 5.14 2.4167 4.84 R
2.9167 3.63 e
3.73 2.64 3.03 2.94 2.26 3.14 3.23 3.03
4.08 2.39 4.35 2.99 3.59
5.91 0.99 6.25 2.10 4.13
7.69 0.86 8.08 1.84 4.66
4.72 1.96 3.26 3.05 2.35 3.10 5.29 2.97
8.32 .48 4.17 5.65 1.04 5.86 1.96 4.00f
» JI1.99 0.35 5.69 8.90 0.49 9.22 1.10 5.13\ 8
< J13.90 0.25 .6.77 11.47 0.39 11.79 0.72 6.23 (4
t li6.24 0.19 7.83 13.83 0.26 14.01 0.54 7.30\ 5
- 118.31 0.13 8.87 15.91 0.21 16.01 0.53 8.35 )73
P ? 17.99 0.15 18.22 0.41 9.38
.C 9.76 (2.82) 11.46  {1.27) 6.73  (1.32)
o 0.33 (0.28) 0.38 (0.09) 0.1t  (0.13)
8 1.83  (0.14) 1.24 (0.17) 1.19  (0.17)
Py 3.59 (0.18) 2.51 (0.19) 4.81 (0.42)
t 3.21 2.96 2.85

chﬁ weighted by area size.
‘Asymptotic standard error in ( ).

3For both 1980 and 1981 larval data.
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(t) (WPy)
PRESERVED LIVE SIZE AVE. AGE DAILY LARVAL

SIZE (mm) (mm) (day) PROD./0.05 m?2
2.50 3.26 4.91 0.518
3.75 4.57 8.60 0.121
4.75 5.69 11.58 0.0838
5.75 6.27 14.15 0.0665
6.75 7.83 16.41 0.0481
7.75 8.87 18.62 0.036

wPt= 1.364 (t/3.16)-2.217

&ﬁ

3

~ 0.45}

s

- B

Q

=

o

© o030}

[

a,

—l e

<

>

o

S osh

D

=

<

< -
0.00 b=l

2.0 3.0 4.0 5.0 6.0
AGE/3.16 (t/t})

B 7.5 DAILY LARVAL PRODUCTION PER 0.05 m2 (wP{) AT AGE t, 1979
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