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PREFACE 
This course was taught to the first year graduate students of the 

School of Fisheries at National Taiwan College o f  Marine Science and 

Technology during the author's three month stay as a v1s:ting 

professor, Feb 21 - Hay 24, 1906. Bulk of the material came from 

author's research publications in the past five years. The notes 

include 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 50 that it may be used as a future 

reference for Chinese fishery biology students and researchers. The 

notes were first hand-copied by Us. Horng-Sy Leu and edited by  both Ms. 

Jenny J.J. Hung and Mr. Chao-Hsiung Cheng. The author deeply 

appreciates their effort and time. F o r  any error found in the text, the 

author takes full responsibility. The author sincerely thanks the U.S. 

National Narine Fisheries Service for granting her three month leave, 

the Institute o f  Statistics, CIcademia Sinica, for the sponsorship, and 

National Science Cauncil of Taiwan, Republic of China. for the funding. 

N. Chyan-huei L o  

Keelung, Taiwan, R.O.C. 
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1 . 2  ( Random Variables ) a#fjqfi@ ( Probability Distribution ) 

I 
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f (  x) - density function 

I 
L ‘L x 

I 
I 

1 .  1 Normal distribution density function 

14.5-  17.1 x - p  < 15.0- 17.1 
<i, .81 

P ( 1 4 . 5 < X < 1 5 . 5  1 = p ( 
.81 

= P  ( -3 .21  < Z  <-2.59 ) 

= P (  2 . 5 9 < z < 3 . 2 1 )  

= P ( O < Z < 3 . 2 1  > - P ( O < Z < 2 . 5 9 )  

.4999- .4952 = .OM7 

Then the same i s  done for the next c l a s s  interval. 

) 
15.00- 17.1 x -p  < 15.50-17.1 

.81 <-7- .81 
P (  15 .00<X<15 .50  > = p (  
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y = o ,  1 ,  ...... n 
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@J 1 . 9  

Solution: Y = number of females 

z f i z - -m&E@#m 9 @@R%%30 $%& 9 8% 1O#&E#&&.@? 

n = 30 

p =  1 / 3  

Using binomial formula, we have 

P ( Y = l O  I n = 3 0 ,  p = 1 / 3 )  

= C$ ( 1 /3  ) l o  ( 2/3 )" 

, , *  I 
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%*@@Ti -- s z  - Z ( X - X ) '  
(variance) - X - X( n-1 ) 

I =  

Z (  x-K)*  with ( n -  1 ) degree of freedom x -  2 -  I ( n - I  I =  n - l  - x z  

1 - 9  
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Prob ferns : 

1. Give some examples f a u i l i a r  t3 you of a sample and a 

p o p u l a r i o n .  

2 .  Ir, ZX 1 . 5  use t h e  t a b l e  of n c r n e l  p r o b a b i l i t y  dLstTi5u- 

t i o r , .  C a l c u l a t e  t h e  p r a b r 5 i l i q  of The r ama in ing  c lass  

i n t e r v a l s .  

3 .  Tcssing e bz lanced  die, the rendom v a r i a b l e  i s  the nuzber  

showing i n  each  toss. !.iri?a down t h e  p r o b a b i l i t y  d e n s i t y  

f u z c t i c n  05 t h i s  randcm v a r i e ~ l e .  

Let P. be t h e  e v e n t  of o b s e r v i n g  an even  nurtber 

B be t h e  even; 05 o b s e r v i n g  t h e  odd number. 

Using The r u l e s  on page 5 ,  ~ r l c u 1 a ; e  PLA) ?(B) P(.4&3) 

and  ? (A9 ) . 
4 .  It  is b e l e i v e d  t : y r t  2 0 %  05 f-.e f i s h i n g  v i o l r t i o n s  in 

San L u i s  R e s e r v o i r  ger Crugh? d u r i n g  each  f i s h i n g  season .  

Dur ing  J a u a r y  th rough  .4?ril  1 9 7 3 ,  1 5 0  v L o l a t i o n s  were 

. s i x u l a t e d ,  38 o f  them were de recxed .  What i s  t h e  p r o b a b i l i r y  

of g e t t i n g  such  a s m p l e ,  u s i n g  b o t h  b i n o m i r l  fo rmula  2nd 

normal a?p rox ima t ion?  Dcas this s a n p l e  s u p p o r t  t h e  claim? 

5. R e s r a u r a n t  B i n  Berke ley  kas t h e  f o l l o w i n g  sampl ing  pro- 

cedure  t o  check t h e  o y s t e r s  sh ipped  from t h e  east c o a s t :  

I f  5 0  o y s t e r s  randomly s e l e c t e d  from t h e  s t o c k  are 211 

good, t h e n  t h e  s t o c k  i s  a c c e ? t e d ;  i f  2 o r  more o u t  of 

t h s e s  50  o y s t e r s  are bad, t h e n  t h e  s t o c k  i s  r e j e c t e d ;  if 

1 o u t  of t h e s e  5 0  oys t e r s  i s  bad ,  t h e n  1 0 0  more o y s t s r s  

are randomly s e l e c t e d  f r c n  t h e  s t o c k .  If none of t h e  

1 0 0  o y s t e r s  m e  bsd  t h e n  t h e  s t o c k  i s  a c c e p t e d ,  o the-wise ,  

t h e  s t o c k  w i l l  be  r e j e c t e d .  C a l c u l a t e  t h e  p r o b a b i l i t y  

of a c c e p t i n g  t h e  s t o c k  when t h e r e  are 

a. 1% bad o y s t e r s  i n  t h e  o r i g i n a l  s t o c k ,  

b.  .S% bad o y s t e z s  in t h e  o r i g i n a l  s t o c k .  

1 - 10 



H i n t ,  u se  t h e  r u l e s  P (X+S)  = ? ( A )  + ? ( B )  and 

PCAB) = P(P . ) . ? (B) .  

6 .  k a  cagp- - r e c a p r u r e  ex?eri?nen?, a s m a l l  pc rx ion  ( 2 )  cf 

t h e  € i s h  p o p u l a t i o n  is taggzd. When a l a r g e  m o u n t  of 

f i s h  (n) i s  sarngled, ?;-.e n u m k r  o f  tagged fish cacghi: 

(Y) approx ima te ly  f c l l o w s  Toisson d i s t r i b u l i c n  i i i t h  

p e r a n e t e r  X = np. If t a g g i n g  r a t i o  i s  .01 and 2 0 0  fish 

are s t q l s d ,  c a l c u l a r e  t h e  g r o h D i l i t y  of g e t t i n g  tag 

r e t u r n s  e q u a l  t o  0 ,  1, 2 ,  3 ,  4 end 5 .  

Noto: Usua l ly  P is never  kXci.in, t h e r e f o r e  t h e  san?l-  

tagging; r a t i o  i s  used t o  e s t i m a t e  p o p u l a t i o n  t a g -  

g i n g  r a t i o ,  fu r the rmore ,  t o  estimate t h e  f i s h  

p o p u l a t i o n .  

1 - 11 
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I 1 
I 

CY p-2- 
b f i i  

2 . 1  The normal density function of sample mean (y)  with mean p and 
variance d / n .  95 % of sample means are between p k  z o / / i i .  

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

2 - 2  



as 1-a=O.g , 0.9 B@j#$R@ ( Confidence coefficient ) , a=0.1 , Zm,* =Zo.os 

= 1.645 9 90 % B#q@@&@@!Emg y- 1 . 6 4 5 , e  9 y+ 1 . 6 4 5 ~  0 

+ s a $ f % # i f J O z  g * B B  9 R!AH1*iaih S2 f t B o  
@J 2.1 1968 +BE$@ 9 s-#@*&J%%BBSB ( CamPce length BIT : 

Shrimp carapace length Frequency 

(X) ( f  1 
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 

17.6 3 

17.8 2 

18 . O  2 

18.2 2 

18.4 2 

18.6 1 

18.8 1 

19.2 1 

20 . o  1 

20 .8 1 

21.4 1 

21.6 1 

17.4 6 

2 - 3  

-I-- 
~ ____ 



*=&- 6.072 - .743 
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38 - 
150 

- p=XzI1-  --- .25 

88 2.3 The probability distribution of sample mean, $, with mean p = 0.4 
and sample size = 10. 
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1 .o h 

P 

- 
p such that 

p ( Y < 3  I F ) <  .025 

at least 95% c.i. for p i s  ( .1 , .6 ) 

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

p 2 tm12, d . f . = 9  

2 - 6  
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0 
pa + z*/z - 

,UO -zap - 2 Po 6 
2.5 The acceptance region and critical region of normal distributed 

sample mean K. 

@j 2.5 1969 @a+ 7 -Lf3ib3@.tifi ( Bonito 1 % I % # E ~ ~ R ~ & @ J T  : 
Length c m  X Frequency f 

6 6  3 

6 9  7 

7 0  7 

7 1  8 

7 2  1 0  

7 3  3 

74  3 

75 1 

7 7  1 

4 3  

s & ~ @ ~ ~ @ @ j ? i  72 cm 7 BrnsB%@ 5 % 7 % Z f t f f T % @ B 3 9 5  % c . i .  

Solution: H, p = 72 a = .05 

H, p + 7 2  

- P f X  - 3052 - X=---- 70.97 P f  43 

( Z f  x 1 2  PfXZ- - 216832 - 216621 -0233 
42 

- 9 2  = 
n - 1  

210.9767 - 5.02 - - 
- 42 

2 - a  



x -  /s - 70.97 - 72 - - 1.03 - z= - 

6 
S 

2.12 = 1.96 

z < -&,2 

we reject & p = 72. 

95 % c . i .  for p is 
S x* 2- 6 

= 7 0 . 9 2 k 2  ( .3416 ) 

= 7 0 . 9 2 k  .6a32 

= ( 70.23 , 71.6 1 

BJ 2 . 6  8--3rSS%!&Ecp i% 12 %f&&%S.?54% 51ikEDover sole 9 #Lp 27 ikEfiR& 
B 9 24 %E## 0 @Z%& 1 : 1 l%iR3 0 

Solution : Let p = population percentage of males. 

q = population percentage of females. 

& : p = q = L  
2 

Ha : p + q  

n = 5 1  

A 27 p =- 
51 

2-9 



c 

2.6  The density functions of t s ta t is t ics  with different sample 
s i z e s ,  where n3 < n ~  < n l  . 

= 40.02 

2 - 10 



2.7 The  relationship between type I error? a, and type I error: 3 ,  

p =  P ( rejecting Ho ) 
1.0 

v PO 

2.8 The power curves of test with two sample s i z e s  : i2 > - n ,  . 

2 - 11 



the reiection region is 

P = p (  accept the H, 1 p = 7 1  or 73 > = 1 -  . 9 =  . 1  

Because of the symmetry of the normai distribution. We only need to calculate sample 

size when one of the alternatives is true. 

7 2 - 7 3 - 1 . 9 6  @ 7 2 - 7 3 + 1 . 9 6  
- > 

5 . 0 2  
n 

< z <  P = P (  

= P ( 2 0  ( n ) < z < Z l (  n 1 ) 
n = 10 z, = 3 .37  Z,  = .3486 

p = p ( - 3 . 3 7 < Z <  . 5 4 8 6 ) = . 5 + . 2 = . 7 0  

Therefore we know n has to be greater than 10 and Z, can be taken as -m. 

We need to solve the equation 

P (  -<z < z ,  ( n )  )=.I 

The normal table indicates that 

Z ( n )  = -  1 . 2 8  

2 - 12 



7 2 - 7 3 f 1 . 9 6  e 
+ = - 1.28 

-, 3.24 -= 1 

-. n = 5 3  

2 -  13 



Problems : 

1. Refe r r ing  t o  EX 1 . 3 ,  how would you conduct  a hypo thes i s  

t e s t i n g  a t  5 %  l e v e l  o f  s i g n i f i c e n c e ?  Write down t h e  n u l l  

h y p o t h e s i s ,  a l t e r n a t i v e  h y p o t h e s i s ,  t e s t  s t a t i s t i c  ard t h e  

c r i t i ca l  r e g i o n .  From t h e  sanF;le r e s u l t ,  what i s  your con- 

c l u s i o n ?  How l a r g e  should t h e  s m p l e  sit? be i n  o r d e r  t o  

d e t e c t  a d i f f e r e n c e  of .l 9 0 3  o f  t h e  t i n e ?  

2. A sample of 14 c r a b s  were t e k e n  from Eureka area f o r  t i s s u e  

a n a l y s i s .  Tineir A g  c o n t e n t s  a r e  as f o l l o w s :  7 . 9 ,  7 . 2 ,  1 2 . 2 ,  

9 . 9 ,  1 0 . 5 ,  28.3, 1 5 . 5 ,  12.8, 2 0 . 3 ,  1 9 . 0 ,  18.1, 8.0, 2.1, 1 . 5 .  

C a l c u l a t e  9 5 %  c . i .  f o r  t h e  ave rzge  Ag i n  c r a b  t i s s u e .  

3 .  A f i s h e r i e s  b i o l o g i s t  b e l i e v e s  t h a t  t h e  p o p u l a t i o n  of  t r o u t  

i n  a p a r t i c u l a r  l a k e  should be h e l d  a t  t h e  1 0 , 0 0 0  l e v e l  f o r  

optimum f i s h i n g  and con t inued  s t e b i l i t y  of t h e  f i s h e r y .  H e  

takes samples p e r i o d i c a l l y  hav ing  f i r s t  marked 5 0 0 .  If a 

sample o f  s i z e  200 f i s h  i s  t a k e n ,  what shou ld  be h i s  dec i -  

sion r u l e  choosing between 

a. T h i s  p o p u l a t i o n  i s  1 0 , 0 0 0  

and b. The p o p u l a t i o n  i s  above o r  below 1 0 , 0 0 0 .  

S t a t i n g  t n a t  b is t r u e  when i n  fact  a i s  c o n s t i t u t e s  t h e  

more i m p o r t a n t  t y p e  o f  e r r o r ,  t h e  p r o b a b i l i t y  of which h e  

would l i ke  t o  h o l d  a t  -10 

1. If i n  a sample of 2 0 0  f i s h ,  6 o f  t h e n  are marked 

f i s h .  What w i l l  your  c o n c l u s i o n  be? 

2 .  If t h e r e  art: a c t u a l l y  8 , 0 0 0  f i s h  i n  t h e  lake,  how 

o f t e n  w i l l  you cnnclude t h a t  t h e r e  are 1 0 , 0 0 0  

f i s h  i n  t h e  l a k e ?  

4. From i n v e s t i g a t i o n s  off  Japan,  Glilke h a s  shown t h a t  9 0 %  o f  

a d u l t  f e m a l e  seals are  p regnan t  d u r i n g  t h e  w i n t e r  season.  

O f  s e v e n  seals t a k e n  o f f  Alaska one w i n t e r  O n l y t w o  w e r e  

p r e g n a n t .  I s  t h e r e  r e a s o n  t o  b e l i e v e  t h a t  e i t h e r  t h i s  is 

2 - 14 



n o t  a random s a p l e  cf North A m e r i c a  f u ~  se&s o r  t k a t  

t h e  p r o p c r t i o n  of F r e g n e x i e s  d i f f e r s  f-om P - s i c r i c  s e a i s ?  

5 .  The f o l l o w i n g  aze t h e  p e t n c l e  sole d a t a  ix a s a p : =  tske: 

from t h e  b c a t  ALEX Fp.uaZ:iI a t  S a  F r a x i s c r ,  Say ,  

February 1, 1 9 7 U .  

Male Fernale 
3 6 2  k ? 6  3 2 6  

3 5 2  414 U 3 6  

3 5 2  41u 

3 4 4  3 9 3  

3 5 0  4 1 8  

3 3 6  4 1 0  
3 3 4  4 7 4  

3 4 2  3 7 8  

3 3 6  440 

3 5 8  4 3 u  

b 3 8  36 8 
b.12 U ? O  

3 k 6  
3 4 4  

3 5 0  438 4 7 6  
3 9 2  43 0 3 7 0  

31.18 4 1 0  
3 6 2  b42  

3 7 4  b 1 4  

3 6 2  3 8 0  

3 5 5  4 2 6  

3 4 2  3 8 0  

3 6 0  3 6 6  

2.54 4 1 0  

a.  C a l c u l a t e  t h e  p o i n t  estimates and 95% c . i .  o f  t h e  ave r -  

age l e n g t h  f o r  t h e  male and female. 

C a l c u l a t e  t h e  95% c . i .  f o r  t h e  pe rcen tage  o f  females i n  

t h e  c a t c h  by t h i s  b o a t .  

b. 

6. During Februa ry  1958, t h e  c r a b  c r u i s e  had i n  t h e  sample 3 0  

l e g a l  male c r a b s  o u t  of 1 9 5  males from & g t n s , = r e a t e r  

t h a n  30 f m .  

t h a t  t h e r e  wene f e w  escapements.  

a b l e  t o  use  t h e  sample d a t a  t o  e s t i m a t e  t h e  p o p u l a t i o n  

S i n c e  t h e  t r a w l  netqwas usad, it i s  assumed 

There fo re  it i s  r e a s o n -  

- -- _- 
p r o p o r t i o n  of legal C r & -  

c e n t a g e  of l e g a l  c r a b s  I-om t h a t  de? th .  

C a l c u l r t e  9 5 %  c . i .  f o r  t h e  pep- 
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Y 

I 1 

A linear probabilistic model for fixed independent variable X . 

X 
X1 x2 % x4 

3 .  1 
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in ( 3 . 1 )  UY - $  
with a; = u ;  ( 1--p P . x -  

( 3 . 4 )  
3.3) 

1 

X 

3.2 Linear relationship of X and Y when 

X and Y are normal r .v . s .  

3 - 3  



I YX / 

F X  

A 

3 .3  The linear prediction equation. 

with n - 2  d . f .  

3-4 



X 

3.4 The confidence band o f  EYx . 
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Xi Yi 

( t ime)  ( length)  ( x i - % )  yj ( xi -x) ( xi -x)z 
0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

63 

66 

68 

73 

77 

80 

84 

89 

96 

99 

100 

TOTAL 55 895 

- 5  
- 4  

- 3  

- 2  

-1 
0 

1 

2 

3 

4 

5 

0 
- 

- 315 

- 264 

- 204 

- 146 

- 77 

0 

84 

178 

288 

396 

5 00 

440 

25 

16 

9 

4 
1 

0 

1 

4 

9 

16 

25 

110 
- 

?i 

61.4 

65.4 

69.4 

73.4 

77.4 

81.4 

85.4 

89.4 

93.4 

97.4 

101.4 

A 
( yi -yi  :2 Yi’ 

2.56 3969 

.36 4356 

1.96 4624 

.16 5329 

. ! 6  5929 

1.96 6400 

1.96 7056 

.16 7921 

6.76 9216 

2.56 9801 

1.96 10000 

20.56 74601 
-- 

Solution: The t i m e  period ( xi ) is a fixed value. The length (y )  is subject to 

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

The LS estimates for /3 and a are 
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A A- 895 
11 and 

We have 

LY=Y-P x=-- 4.5 = 81.4-20 = 61.4 

A A "  
yx = a + @ x  = 6 1 . 4 + 4 x  

The sample variance is 

a b The answer to this question is to construct the 99 76 c . i .  for $. Since 1 --a 

= .99, we have a= .01 

= 4 zk .47 = ( 3.53 , 4.47 1 

b - Estimate the average length of a fingerling at week 10. 
A ylo = 61.4 + 4 ( 10 1 = 101.4 

1 1 + ( 1 0 - 5 ) '  
110 ~ 2 . 2 8  (11 

~ 2 . 2 8  (-j-j-+m 25 ; = .7254 

s?,, = .8517 

9 5 %  c.i .  for EY,, is 
A 
yl0 k t.025, 9 '?,, 

= 101.4+3.25(  .8517 1 

= 1 0 1 . 4 t  2.768 = (98.632 , 104.168 ) . 

pj3 .2  ZE-?tBI9lih$% ( Herring 9 4 i%Bk%%834f$U%Ei31R$i  

X length ( m m >  Y number of eggs 
163 14083 
16 8 16985 

168 
17 1 

16380 
15135 
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172 
176 
193 
194 

a ' BR325a3 ? 

13526 
15052 
25294 
24309 

A A 
140754 360.389 -- f f=y-px=--  I4O5 - 17594.25 - 63,293.318 8 8 

= - 45699.068 

y=-45699.068 + 360.389 x 

{ 342324.75 } 147 961,971 - 949. 875 
- - 

6 

247591'807 = 4,098,634.5 - - 
6 

a -  H, : P = O  

Ha : BSO 
A 

360.389 - 
- 5.486 - - - 360.389 

65.58 
- 360.389 - P - 0  

sa" 
t =-- 

I ./{ 47098,634.5 
949.88 1 
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-021  , 6 = 2 44 

> t.025, 6 

We reject the & and conclude that the regression is significant. 
A b ’ yzoo = - 45699 -068 + 360.389 ( 200 ) = 26378.732 

1 = 4098634.5 { -g-+ 1 ( 200 - 175.625 )’ 
949.88 

= 3075984.99 

s;200 = 1753.84 

95 % c . i .  for EYzoo is 
A 
y200 f t . 025 ,  6 3*pZO0 

= 2 6 3 7 8 . 7 3 2 2 2 . 4 4  (1753.858 

= 26378.732 f 4 2 7 9 . 3 9  

= ( 21783.809 , 30658.122 ) . 
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Problem 

1. I n  a n  e x p e r k n e n t  a?: C u l t i s  Lake 3600 nunbey.ed t a g s  wene 

p u t  o u t .  The f o l l c u i n g  Tab le  g i v e s  t h e  nunber  o f  r e c o v e z i e s  

by b lock  o f  6 0 0 :  

g roup  CX) r e c o v e r i e s  (Y 1 
1 a 5  
2 a i  
3 76 
& 58 
5 60 
6 10 0 

Find  a n  e q u a t i o n  o f  t h e  form EY = 7 + B(x-x) .  I s  6 

s i g n i f i c a n t l y  d i f f e r e n t  from 0 a t  t h e  5 %  l e v e l  o f  s i g n i -  

f i c a n c e .  

2 .  The p e r c e n t a g e  of 1 -yea r -o ld  f ema les  and t h e  c o n d i t i o n a l  

i n d e x  o f  t h e  shr imp i n d i c a T i n g  t h e  r e l a t i v e  ave rage  t j e igh t  

of t h e  ocean  sh-imp f?om 1964-1973 are as f o l l o w s :  

Year 
1 9 6 4  
1965 
1966 
1967 

1969 
1970 
1971 
1972 
1973 

1968 

X(Cond i t iona l  
1.28 - 95 
1.05 
1.08 
1.13 
.93 

1.09 
.75 
.78 

1 . 2 2 ,  

i n d e x )  Y ( %  of  1 -yea r -o ld  f e m a l e s )  
k7 
58 
37 
65 
55 
4 8  
55 
42 
42 
'65 

F i t  a s t r a i g h t  l i n e  f o r  t h e  d a t a .  T e s t  a t  5 %  l e v e l  t h e t  

t h e  r e g r e s s i o n  i s  s i g n i f i c a n t .  Const-uct t h e  95% c . i .  f c r  

t h e  % o f  1 -yea r -o ld  females when t h e  c o n a i t i a n a l  i ndex  i s  1. 

3. The C / E  f o r  b a r r a c u d a  a t  Coronados I s l a n d s ,  Mexico,and 

t h e  a v e r a g e  of t h e  f i r s t  s i x  man* tarnpera ture  from 1343 

t o  1973 i s  as f o l l o w s .  
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v -  
A e c r  
1048 

4 9  
5 0  
51 
5 2  
5 3  
.5 4 
5 5  
5 6  
5 7  
5 8  
5 9  
6 0  
6 1  
6 2  
6 3  
6 4  
6 5  
6 6  
6 7  
6 8  
6 9  
70 
7 1  
7 2  
7 3  

X 
( ave rage  

t empera tu re  
o f  t h e  f i r s t  

6 months) 
1 4 . 8  
1 5 .  
1 4 . 8  
1 5 . 4  
1 5 . 1  
1 4 . 7  
1 5 . 4  
1 5 .  
1 4 . 6  
1 5 . 9  
1 6 . 6  
1 7 . 1  
15.6 
1 5 . 4  
1 4 . 8  
1 5 . 4  
15.2 
15.2 
1 5 . 7  
1 5 . 0  
15.8 
1 5 . 3  
1 5 . 3  
1 4 . 5  
15.3 
1 5 . 7  

,. 
e=y-y 
. b 6 2 7  
. 2 2 2 0  
- 0 6 9 7  -. 3 1 1 7  
. 0 2 6 5  
. 0 2 4 2  

-.ZOO7 
- . 1 7 5 1  
- .08211 

0 
. 0 1 3  
.386 
-5155 
. 0 1 9  
. 3 2 3  
. 2 1 6 3  -. 0 7 4 9  
.la01 
- 3 8 5 1  
. 3 0 0 9  

- . 4 4 8  -. 1 2 5 3 6  
- . 1 3 0 3  -. 1 0  8 0 6  
- . 7 2 9 7 2  
-. 8 5 0 0  

Y 
( C / E )  

1 0 0 0  l b .  
. 9 0 3  
. 7 5 b  

. “01 
-633 
. 3 6 9  
. 5 9 3  
. 3 6 6  
.19 7 

1.119 
1 . 6  
2 . 3 0 2  
I. 4L19 
.321 
. 7 3 3  

1.01? 
. 5 9 7  
. E 5 2  

1 . 3 8 4  

.616 

. 6 2 3  

.SO7 

.lo6 

. 0 0 7 6  

.1b8 

. 4 a  

, . 8 & 2  

F i t  a s t r a i g h t  l i n e  f o r  t h e  d a t a  and consTruct 

f o r  t h e  r e g r e s s i o n  c o e f f i c i e n t  6. 

Y 
. 4 1 0 2 3  
. 5 L l l  
. 4 1 0 2 9  
. 3 0 2 7  
. 6 0 6 5  
. 3 b 4 8  
. e o 2 7 3  
.5k11 
. 2 7 ? 4  

1 . 1 2 0  
1 . 5 3 7  
1 . 9 1 b  

. 9 3 3 5  

. E 0 2  

.410 

. E 0 2 7  

. 6 7 1 9  

. 6 7 1 9  

. 9 9 8 ?  

.5411 

. 7 k 3 3 4  

. 7 3 7 3  

. 2 1 h O 6  

. 7 3 7 3 2  

. 9 9 8 9  

1.064 

9 5 %  c.i. 
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1 
( 4 . 2 )  1 

n ( N - n )  1 
- - n ! - e L  1 ......... 

N N-1 N - n t l  N !  

& *  alP t%*Tk$@ 
sample 

( m e a n y )  ( samples ) ( observations ) 

A B  1 7 2  1 . 5  

A C  1 7 3  2 

B C  2 ’ 3  2 . 5  

P ’ @*T%@ ( P I  mTm@ ’ E 
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( 4 . 9 )  
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Problem 

1. 

2 .  

3. 

I n  a popula-cion w i t h  N = 6 ,  t h e  v a l u e  of yi are 9 ,  3 ,  1, 

11, 4 and 7 .  

s i m p l e  random samples  of s i z e  2 .  V e r i f y  Tha t  7 i s  zn un- 

b i a s e d  e s t i m a t e  of u 

From a p r e v i o u s  s u r v e y  t5e sample s t a n d a r d  d e v i a t i c n  of 

Ag i n  N.C. c r a b  t 5 s s u e . i ~  7.35. I n  t h e  f u t u r e  analysis 

how many c r a b n e e d  t o  be rdcen  i n  o r d e r  t o  e s t i m a t e  t h e  

me& Ag c o n t e n t  w i t h i n  5 a p a r t  from a chance of 1 out 

of 2 0 ?  

Tke 1973 r a z o r  clam survey  a t  South  C l a n  Beach, C a .  \ad 

t h e  d a t a  f o r  four s t r a t a  as. f o l l o w s :  

C a l c u l a t e  t h e  sample mean '3 f o r  a l l  p o s s i b l e  

Y '  

T o t a l  Number S t a n d a r d  
T i d e  S t r a t u m  o f  D igge r s  D e v i a t i o n  

S e r i e s  No. ( Nh 1 ( S h )  

-.9 E Wkday 1 240 6 . 6  
above Wkends 2 15 2 5 . ? 5  

-1.0 E Wday 3 627 7.12 
below Wends  4 E O 0  6..38 

Average 
CatchLDigger 

( q , j  

1 6 . 8  
1 6 . 0  

1 2 . 5  
1 3 . 9 6  

1.1 o r d e r  t o ' e s t i m a t e  t h e  t o t a l  c a t c h  a t  t h e  South 3each 

I n  1374 ui th in  1 0 0 0  clans, how l a r g e  a sam?le s i z e  s5cul.d 

we t z k e ?  How would you a i l o c a t e  t h e  sample anong t h e  

s T r a t a ?  
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Ynkk = ......... ......... , Y  Ynl I Yo 2 Yn,; - - - - 
Y1 Y Z  Yi  Y k  
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k n; k 

*z S%?z 
TTij$J e & &  Mean \ 7B rn lie 

Source of \  (Degree of) (Square , )  (Expec-) 
(Variation ) ( Sum of Squares) ( Freedom Error tation 

Among k 

Samples j = l  
1 nj ( Y j - Y ) ’  k - I  

U ?  
S S E  J ( n j - 1  ) MSEE=- d . f .  

Within k nj  k 

Samples j = 1  i = l  j = l  
J J ( ~ i j  -Yj 1’ 
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Type of 
Totai 

grand 

treatment 

observation 

Source of 
Variation 

Among 
Sampies 

Within 
Samples 

TOTAL 

Total of Squares 
per Observation 

k 

3 = 1  
( PPYij )’/’ I 1 nj  

k ni 

A N O V A  Table 

Sum of Degree of 
Scpares Fieedom F - MS 

Samples from 
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Population 1 Population 2 
( a g e 3 1  ( age 4 ) 

4 
9 
5 
6 
2 
3 
8 
4 
7 
1 
5 
6 

q Y i j :  15 60 

12 

5 

nj : 5 

5 5 :  3 

Population 3 
( a g e  5 1 

3 
1 
2 

r z y i j  = 81 

Z nj = 20 

6 

3 

2 Y =  4.05  

= 435 

ANOVA Table 

Source of 
Variation s s  d . f .  MSE F 

Among 
Samples 28.95 2 14.475 3.1548 

Within 
S amp 1 es 78 17 4.588 

TOTAL 106.95 19 

From the F table F, , ,, , 
Since 3.15 < 3 . 5 9  the hypothesis is not rejected at the 5 %  level of significance. 

= 3.59  
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where 

Solution : 

Mesh 
Sizes 1.31'' 

106 
12 1 
108 
100 
98 

4 ' Y i i  1 1 533 

1.32" 

97 
102 
10 1 
105 
96 
89 
91  
98 

102 
88 
83 
88 

1140 

1.33" 

100 
94 

115 
122 
95 
99 

625 

1.34'l 

100 
94 
92 

106 
109 
100 
107 

708 

1 .4"  

107 
112 
94 

100 
119 
101 

633 

1.5'l 

97 
112 
104 
96 
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n j  : 5 12 6 7 6 4 2 n ,  = 4 0  

5r, : 106.6 9 5  104.17 101.14 105.5 102.25 y = 1 0 1 . 2  
- - 

n i  

Source of 
Variation 

Among 
Sampl es 

Within 
Samples 

TOTAL 

Fs = 2 - 5  

ANOVA Table 

ss  d . f .  MSE F 

775.25 5 155.05 2.227 

2367.15 34 69.622 

3142.4 39 

since F <  F, J ,  ) the hypothesis is not rejected at 5 % level. 
> 
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Y L i  

( 5 . 6 )  
SST 

k 
treatment E L ( Y . ~  -7  )' 

j = 1  
SSTr 
d . f .  k- 1 MSETr =- u*+Lu;~ 

U 2  
SSE 
d . f .  

error  EX(yij-Y*j-Yi.+Y12 ( k - I ) ( G l )  MSEE=- 

TOTAL PP( y i j - 7 ) '  kL-1 
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2 5.4 

Computing Procedure of Analysis of Variance for rbd 

?Lpe of Total of Squares 
Total per Observation 

grand (ZzYi j  ) ' / k L  

k L 

j = 1  i = 1  
treatment z ( . z  Y i j  >'/ 'L 

block 

k L  
observation 6 z yfj 

j = l  i = l  

ANOVA d 
Source of Sum of Degree of 
Variation Squares Freedom MS F - -  
treatment (I)-( I >  k - 1  

block ( l I > - ( I >  L- 1 

error (lV>-(I>-(Jlt>+~I> ( k - - 1 > ( L - - l )  

TOTAL (lV>-(I> k L - 1  

m 5 . 3  - F w I H 3 i ~ - - B B m # q  ' %%%ffinm@EE 0 $Z:p+ ' ~ ' ; % S A B $ s r ~ ~ ~ I ~ i % J ~  

32 O =@lRR ( #Bs@m 1 ES%%3i%JTFJ ? 

Solution : 3 
Feed Z Y i j  

1 2 3 j = l  ?i . Litter 

1 15 22 25 62 20.67 
2 21 23 24 68  22.67 
3 22 31 25 68  22.67 
4 17 20 23 60 20 
5 17 22 26 65 21.67 

5 

i = l  
6 Yij : 92 108 123 zzyij = 323 

- 
Y-I : 18.4 21.6 24.6 y=  21.53 
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k ( . yij ) *  
= ( 92' + 108' + 123' 1 / 5 = 7051.4 1 = i  

(I[>= .x L : = 1  

k 
( 2 Y i i  1' u .  

= ( 62' + 68' + 68' + 60' + 65' 1 / 3 = 6972.333 1 = 1  
( I > = . X  1 = !  k 

ANOVA Table 

Source of 
Variation s s  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 

141 .733 14 TOTAL 

Fz , 8 , 0 .06  = 4 -46 

since 13.476 > 4 . 4 6  , the H., is rejected at the 5 %  level. A s  to the block ef- 

fect, the F value for block is not significant at the 5 % level ( 1.196 compard 

with F4, (I, 0.05 = 3.8378 > therefore there is no significant difference among the 

litters and the crb can be used just as weil. 
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Larval length 
for larval growth/ ( Temperature ) ( 

Data 
Elapsed time 
( day, hour ) 

Sample time 
Begin 
End 
Midpoint 

Sample type 
( eggs or 

larvae j 
Surface temp. 
Middle tsmp. 

Date Date 
Elapsed time 3lapsed time 
( day, hour ) 

Sample time Sample time 
Number of larvae Stage I 
Mean length I 
SD I x 

( days f r o m  hatching, 
hour ) 

J.3 
rjisintegrated 
Total 
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2 & ( 6 . l >  ft!I@$$!?S@%TTg?&##k@3%l% 

EEf"c 13.9 16.2 15.2 13.8 15.2 16.6 18.0 19.4 20.8 11.1 12.5 

R 1L% E7 
El 3.03 2.51 2.89 3.33 2.63 2.29 2.04 1.67 1.5 4 .71  4.08 

/J\@ 72.6 60.3 69.3 80 63 55 49 40 36 113 98 
\ 

V 

1976 Lab Experiment 
u 
1981 Lab. Experiment 

&@fLmBQa7 7 !#l%@3B53+--#@B@( Yoser and Ahlstrom 1985 10 % H @ - - B B @ i %  
%BJBEBmF4 7 tft 1981 Lab. R ~ ~ U ~ ~ B ~ ~ ~ W ~ B ~ ~ ~ ~ ~ ~ p B @ ~ ~ i % %  
Fa7 ( 3 6.1 1 0 1981 $BHSRl 1976 +BH-&Hl@#B,%!#@%g& ( Lo 1985 

0 L ~ ~ R & E H ~ - S $ E Z ~ J P E O + %  7 EZ--4ft!I32#kB,%!#ft!IPftB 0 

B - $RLB%%R& ( LO 1985 

& 6.1 ( LO 1985 1 ~ ~ ~ & ~ R l ~ E ~ , % ~ ~ % ~ ~ ~ ~ - p B @ ~ ~ ~ ~ a 7  ( /J\% 1 0 

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 ) a t  various tem- 

peratures ( t ) from laboratory experiments conducted a t  the SWFC. 

1981 Laboratory Data 
(b 1983) Zweifel & Lasker ( 1976 ) 

Temperature f"c ( t )  13.9 
stage (i> 

]I 6.82 
Ei 16.36 
Iv 24.91 
v 35.88 
TI 44.63 
'4 49.64 
m 52.5 
lx 61.1 
X 66.09 
xi 69.79 

15.2 

6.42 
13.55 
21.12 
30.7 
39.24 
47.13 
52.07 
56.28 
62.63 
65.65 

16.2 13.8 15.2 16.6 18.0 19.4 20.8 

6.40 
13.14 20 15 10 9 8 6 
20.18 
25.56 
33.20 42 35 26 24 21 9 
38.56 
13.64 
50.48 58 50 39 35 33 28 
34.78 
56.10 78 65 55 44 39 35 
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Stage 
0 I I  
0 111 

+ v  
x VI 
0 VI1 
A Vlll 8 IX 

IX 

a IV 

0 12 24 36 48 60 7 2  84 96 108 120 132 
Age (hour s )  

6.1. Observed (denoted by v a r i o u s  symbols)  and p r e d i c t e d  (smooth 
I I n e s )  o f  t l m e - t o - t h e  I t h  s t a g e  a s  a f u n c t i o n  o f  t e m p e r a t u r e  ( “ C )  based 
upon egg development data col lecfed from two laboratory experlments con- 
ducted a t  SWFC. The pred[cted values a r e  computed from equation (4) .  
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Day S 0 0 0 1 1  1 1  1 : , 2  

Hour 20 20 20 44 4.1 44 44 44  4 4 , 6 8  

Age of eggs 

0200 0200 (2200 
I 

i 
I 

on daily basis 
0: 

C 
IO 0: 

D 
IO 0 :  

E 
30 

1 
108 120 132 

Age (hours) 

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

6.2 .  Funct lon  r e l a t l o n s h l p  o f  average  age  o f  e g g s  f o r  the I t h  s t a g e  
based upon tlme of  the tow and sea surface temperature ("C). 
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a [(A >"13 
Yt 

Exponential 

von Bertalanffy 

0 

( 6 . 5 )  
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* 

ooooooooooooooooooooooooo 
PJFJFJPJ PJN PJTJTJNPJNPJ PJ I'J PJ PJ I J  PJ N PJ PJ PJ r.l PJ * 

w w w WCJ ww WCJ w G w u w '3 L: w u u w rJ w w W u 
PJ PJNJFJPJ N I'J I.JPJIJ rJ PJ N IU CJ l ' i  1'2 IJ PJ N I'J I J I J  PJ N 

PJFJPJFJP~PJ:PJPJPJPJPJN~JPJ P J N P J P J  N PJPJ PI P? I.? ooocooo3ococoo~cocoo3ococ 

w w w w w W w w w w w w w w w w w w w w w t i w w w  
Ll VI L T  VIVI VI UI CIT VI VI 01 bl m yi u CJ 01 w yi L1 L1 Ln VI VI yi 

rt 

PJ PJFJPJPJ P3 !U PJ rJ PJ PJ 111 PJ PJ PJ oooooooooocooo3 FJPJPJPJPJPJPJPJPJN 
oot ic3ooooo * 

I 

0 

e 
e 

- 
N 

b-2 

W 

I 

P 

c-' 
cn 

L 

m 

I 

-4 

+ 
Q 

w 
W 
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6 . 4  P a r t i a l  l i s t i n g  o f  t h e  d a t a  f i l e  (FOR038.DAT): 
C r u i s e  iD, numDer d f  e g g s  a n d  a g e  ( i n  d a y s )  
e x c l u d i n g  eggs older t h a n  2 . 5  days  o l d .  

C 
0 

b 
6 
6 

17 
17 
17 
1 0  
I 0  
18 
19 
19 
19 
2 4  
24 
24 
26 
26 
26 
27 
27 
27 
29 
29 
29 
30 
30 

31 
31 
31 
32 
3 2  
32 
33 
33 
33 
34 
3 4  
34 
38 
30 
30 
33 
33 
39 

30 

4a 
40 

a733 
a733 
a733 
a74 1 
074 1 
074 1 
074 1 
074 I 
074 1 
a74 I 
a74 I 
a74 I 
a790 
a750 
a750 
0790 

0750 
a750 
a750 

0750 
a750 
a750 
0750 

a750 
07-50 

a750 
a750 
0750 

0750 

0750 

a758 
a758 
0750 
0758 

0790 
0750 

0750 

0750 

0750 

0750 

0750 
0750 

07'30 
0750 

0750 

0750 
0750 

0550 
a550 
a550 
0550 
0950 
3550 
0540 
0340 

0530 

0530 
0409 
0435 
0485 

a500 

0540 

a530 

0500 
a500 

a s i o  
a510 a s i o  
0520 
0520 
0 5 2 ~ )  
0530 
0530 
a530 
a540 

0550 

0560 
0560 
0560 
3570 

0570 

0540 
0540 
0 5 5 0  

0550  

a570 

0600 
a000 
0600 
9570 
O S 9 0  
0530 
0 5 0 0  
0 5 0 0  

u- 
3 

L 
aJ 
a m  
3 0  

r L L l  

~m 

a. oaoa 
0 .  o m a  
i .  0000 
I. oaao 
a. ooaa 
c). ooaa 
I .  oaaa 
a. aaoo a. 0000 
3. aaaa a .  a m a  
a. aaoo 
a.  aaao 
2 .  a m 0  
a. ooaa 
0. ooaa 
o. aaao 
a. aoaa 
o. ooaa 
o. m o a  2. aooo 
=_ oaaa 
o. m o a  
c). aoao a .  oooa 
2. aaoa a.  aoaa :. oaaa 
=. aaaa 
a. ooaa 
a. oaao 
1. m o o  
o. aoao 
a. 0000 
2.  aoaa 

2 .  aaoa 
o. aoao 

0 .  0000 

0. 0000 

0. 0000 

0 .  a000 

0. a000 

0 .  0000 

0 .  0000 

0 .  0000 
0 .  a000 

0. 0000 

h 

m 
m 
x 

aJc 
U- 
a .- 

o. 4583 

2. ai04 

1. 5694 
2. 5417 
i .  0417 

2. 9403 
0. 0229 
2. 0033 
2. 9583 a.  3438 
2. i25a 
2. 7083 a.  27x1 
I .  3200 
2. 3958 a. 6667 
I .  7003 
2. 5033 
0. 7917 
1. 7013 
2. 6667 
0. 9096 2,. a000 

7500 
:. ea21 
=_ 0104 
2. 9583 

2.0833 
2. 9583 

0. 8229 

!. 0229 
=_ 04 17 
2. 8750 
0. 0430 
1. 9063 
2. 3750 
0. 2003 
1. 4271 
2. 3750 
0. 2770 
1. 5203 
2.3333 
0. 3056 
1. 4167 
2. 3750 
0. 3333 
1.4375 

6 - 9  



Bi%ji!2&7fGR ( R & @ % R  6.2 i3 ) 9 -#% 6 @ F R I m U I %  9 E@ES 1 9 8 1 q  

7 XeE@%I%BU$js$&j#% ( LO 1983 ) 0 

n tk ( hatching time ; Temp, “c L,(mm) L k ( m m )  a 
days 1 

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 
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Length (mm) 
2.0 2.5 3.0 3.5 4.0 4.5 5.0 

1 1 1 1 1 1  
pJl-t-I-I-t- 

O U r n c n b P W  . . . . . .  
P 
8 

8 
U 

6.3.  Growth curves o f  yolk-sac stage o f  anchovy larvae a t  various 
temperatures. 
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for 6 .3<  t < 6 0  days 

6 - 12 



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

Volume o f  water = a - b 

a : Area of month of net 

b : Leng th  of tow path 

b =  ( Meter/Revoiution ) 

Depth of tow = Maximun length of wire ou t  - COS ( t a n - I T  1 ' 

( NO of revolutions of the flow meter 1 
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S t a t i o n  D a t e  
C r u i s e  I Ship l o ~ ~ ~ ~ ~ a d  1 Line Stat  i o n  y r .  ma. day 

- I  I '  I I I i 1 1 ! 

Hour ( P S T )  
B e g i n  Tow I E n d  Tow 

I I 

TIME MESH (PORT 
rnin. sec. , ,, NET NO. I TOW TYPE: ~ 

SWNG :- __  _ _ _  
: 9 5 C L N O l  

i u U 
G G -0TiirFTEN- - - - KNOT¶ - - - 

URYALIN a BORAT 
AOOED 

SEA ICONOlnON I 

1 -  TOW NO. o f  I 
I 

METE3 NO. 1 

I I I  I 

_ _ _  - - -YETER¶ 

OTAL NO. OF ANGLES 
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ACCE?TFS POSITION 

_ _ _  -: _ _ _ _ _  N. _ _ - _  - ---&.I I 
CATITUOC LONCITUOL 

I I i 

I I 

I 
ANGLES 1 I I I ---- 1 I ! ! 

ANGLES I I 



d l o g s (  t )  - d !og( P , s ( t ) :  
d t  _ -  - d s ( t )  A 

--dt s ( t )  = -  d t  

d log P, 
= -7 
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n 
4 
v 

5 4 

c 

O S 0  

0 
v) 

0 
C 

c 
7 

0 

0 

c 

0 

0 1" c c' I , , I C  

9 9 9 9 ? =  
r l a - c - e r  

C 
I I  

* 

0 -  0 
0 

n o  
0 
0 

a 

oo 1: 
0 

, ,O , , j:' 
c ?= 
- N  
I 1  

" $ 8  
P ) N  

0 

o o  1 
g o  1 

0 
0 

a =  
0 
0 

0 c3 

? 
N 
t 

7.4 Daily egg and larval production of Northern Anchovy per 0.05 m2 (P, ) by age 
in days ( t ) and their log transformation ( In ( Pt ) ), 1979 - 1981. 
A linear relationship between In(P, ) and t indicates a constant instantaneous 
mortality ra te  ( IMR) and a curvilinear relationship between In (P, ) and t 
indicates a n  age dependent IMR . Squares a r e  egg data and ,open circles a r e  
larval data. 
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2 7 . 1  
The ins t an taneous  m o r t a l i t y  r a t e s  3f anchovy eggs a n d  l a r v a e  
< 20 days ( ~ ( t . ) )  by age i n  days ( T i !  computed from the 
d a i l y  egg and l a r v a l  product ion  e s t i m a t e s  (P ) and age 
( t i ) ,  1980. ti 

Dail egg 

product ion  

- 
and ya rva l  t i  = 

1 i ti ( d a y s )  P ti P t i  -1 - P t i  ti-ti-l (ti+ti-l/2) A t i )  

1 0.67 9.28 
2 1.67 5.53 3.75 1 .oo 1.17 0.40 
3 2.60 3.70 1.83 0.93 2.14 0.36 
4 3.57 
5 5 .65  
6 5 .91  
7 7.69 
8 8.90 
9 11.47 

10  13 .83  
11 15.91 
12 17.99 

2.37 
1.04 
0 .?9 
0.86 
0.49 
0.39 
0.26 
0.21 
0.15 

1.33 0.97 
2.28 2 .08  
0.05 0 .26  
9.13 1.78 
0.37 1 .21  
0.10 2.57 
0.13 2 . 2 6  
9.05 2 .OS 
0.06 2 .08  

3.09 
4.61 
5.78 
6.80 
8.30 

10.19 
12.65 
14.87 
16 .95  

0.37 
0.46 
0 .18  
0.07 
0.36 
0.08 

0.09 
0 .14  

0.10. 

z ( t )  = 0.0060 + 1 . 6 3 / t  i s  the  func t jon  f i t t e d  t o  the  d a t a  i n  t he  
l a s t  two columns f o r  t > 4.5 days. 
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1982 .333 mm .150 .075 mm 
1983 N i k x  .505mm .333 mm 
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RL = { 0.63 
1 

0.333 m m  L< 4.25 mm 
L 2  4.25 mm 

$348: RH @ @ %  
0.505 mm 0.29 

0.55 mm 0.27 

0.333 mm 0.91 
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3 7 . 2  Yumber o f  samoles with zero catch from a total of 140' samples 
for anchovy eggs and larvae by length group, the maximum catch for each 
o f  three mesh sizes and the chi-square values for larvae 2 4 . 5 m m  based 
!!pori three-vertical-net-experiment, 1982. 

Number of samples 
with zero catch Maximum catch chi-square 

0.375mm 1).15Onm 0.333mm 0.75mm 0.15Onm 0.333mm d . f . = 2  

Eggs 
?.@ mm 

2.5 
3.0 
3.5 
4.0 

4 .5  
5.0 
5.5 
6 .O 
6.5+ 

0 (3 0 

42  38 33 
16 10 3 
0 0 ,l 

7 8 i a  
27 24 52  

!03 a! 97 3 3 5 3.83 
l i i  107 IC3 5 3 5 1.27 

1 3 1  133 135 2 1 1 2 .'3 

l j 2  130 I33 2 1 ! 0.6 

117 102 118 2 3 2 7.24* 

11.94 (d.f.=iO) 

'Two samples were discarded because they were spoi:ed. 
*Significant at 5% level. 
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( k + X i - l )  I - k m wi 
mw, + k  )' ( mwi t k  ) 'I  xi ( i c - 1  j 

f ( x i  i w i ) = (  

n 

i = l  
Like l ihood function = x f ( xi WI 1 
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7 . 3  

2 1.5- 4.0 1.7s 194  5.04 
1 4.5- 5.0 4.75 5.04 6.10 
d 5.5- 6 0  3.71 6.10 1.11 
J 6.5- 1 0  6 13 7 I5 .%I1 
6 i F a.0 7.73 a.17 9.18 
7 8 .5 -  90 2.75 9 18 10.19 
a 9 5-10.0 9.7s 10.19 11.19 
9' 10,s-11.0 10.75 II.19 12.18 

I O  11.s--12.0 11.75 12.18 11.18 
!I  :2.5-!10 12.75 !].I8 !4 I8  
12 : I  5-140 11.75 !4 I 8  I5 I 7  
!3 14.5--150 I 4  15 15.17 16.17 
I4 15.5-160 15.71 16 17 17.15 
I5 16 5-16.0 1725 !7 I 5  19 16 
16 I 8  5-200 192s (9.16 21 18 
17 20.5-22.0 21.2s 21.11 21 :I 
la  11.5-140 21.25 Y.21 2J.24 

'Shrinkam corrections arc bared on the wort Thcdacker (1980l. 

4 49 
5 57 
6 62 
7 66 
8 68 
9 68 

10 69 
I I  69 
12 68 
11 68 
1.1 68 
I 3  61 
16 66 
I8 13 
20 11 
22 19 
24 22 - 

S.14 

10 51 
12.81 
i i  96 
16 98 
18.91 
20 18 
22.61 
24.40 
26 I 1  
2 1  91 
29 66 
32 29 
IS 87 
29 35 
dl.J8 

a.oi 
4.69 
2 67 
2.40 
2.21 
2.07 
1.97 
I .90 
1.8s 
1.81 
1.18 
1.76 
1.76 
1.71 
I S 5  
1.62 
1.7s 
1.91 

2.11 
1.39 
1.71 
1.19 
I b8 
1.60 
1.51 
I.4P 
i .46 
1.44 
1.41 
1-12 
1.38 
2.87 
2.91 
3.01 
3.18 

.. 
1.10 
0.98 
1.07 
I. 10 
1.04 
0.99 
0.95 
0.92 
0 90 
0 89 
0.88 
0.8Y 
0.86 
1.77 
I 8 1  
1.87 
1.96 

0.91 
0.71 
0.77 
0.79 
0.74 
0.71 
0.68 
0.66 
0 65 
0.64 
0 bl 
0 61 
0.61 
1.27 
I.JO 
1.14 
1.41 - 

Number or 1.15 SSZL class larvae iakcn In January. February and March 01 1969 in southern California inshore Regton 7 by stzt~on 
with hour. iernpenlure at IO  rn depth and standard haul Bclor-  IOIrolumc llraincd/drpth. Stat~ons arc !dcnufird in Krameret a1. (1972). 

!2) 
- 

Jsnuar7 Februsq 

Station Hour Temp SHF Larvae Hour icmp SHF L a n u  
7-99 9 05.01 Eo.51 

.!l 
3 5  
.Jo 

9ZJ7 

.41 

.J  I 
2 5  

87.33 
.3J 
40 
4s 

.so 
.:5 

90.28 
J 2  

.I7 

.J9 

.45 

.J3 
91.27 

.is 

.IO 

.IS 

.40 

.45 

.so 
W.JO 
97 29 

.M 

.I1 

.3J 

.a 

a1.40 

17 98 
19.88 
22.21 
12.92 
I 4  70 
08.91 
11.55 
01 IS 
OI.15 
21.91 
(M.18 
01.12 
05.78 
08.22 
!0.47 
12.28 
09 os 
06.28 

01 07 
i0.77 
09 93 
11.98 
I 4  07 
17.12 
19 93 
2298 
01.12 
07 17 
I237 
13.1)s 

20.52 
17 21 

01.16 

11.06 
13.02 
11.22 
12.92 
14.07 
14.11 
I 4  41 
13.56 
11.29 
14.20 
14 16 
I 4  01 
14.26 
! I44  
14 11 
14 49 
14 79 
14.96 

11.44 
i J 6 1  
14 01 
14.12 
I 4  OJ 
IS 52 
I4 31 
IJ.d2 
15.56 
I4 11 

15.02 
15-08 
IJ.01 
IS.48 

hhrrh 

m a  

1.13 1 
1.42 21 
1.29 0 
1.1s 84 

.73 19 I 
122 J4 l  
295 45 
3.26 0 
213 115 
I 4 4  I49 
1 23 550 
1.02 31 I 
2-9s I4 
2.29 7 
1.J6 144 

3.29 223 
1.17 370 

3.15 IS 
1.JO 612 
289 21 
3.34 2 
1.25 4 
1.18 1 
1 2 0  ll9 
1.12 2 
1.39 0 
F97 46 
204 44 

281  I 8  
2s9 0 
1.00 0 

212 7 

01.20 
W.IO 
20.1) 

06.61 
10 12 
19 IS 
2241 
17 25 
20.12 
21.78 
00.68 
01.18 
os 87 

2118 
18.97 
IS 68 
l Z l 0  
09 17 
03.12 
06.18 
09 17 
13.40 
20 28 
21.10 
01.68 
17.01 
09 10 
08.S2 
07.51 
01.m 
0 1 . a  

w.7a 

13.22 
13.29 
I285 
I284 

I3.51 
!Zpo 
12.J8 
I1 I7 
I4 20 
11.87 
11 89 
14 07 
:Z80 
Il.JI 
14.11 
14.63 
14.86 
14 80 
13.91 
11.80 
14.16 
I 4  38 
14.4s 
I4  J5 
14 7 1  
13.96 
14.65 
I3.91 
14.22 
14.18 
I4.JJ 
14.11 
I 4  20 

1.41 
1 . a  
1.82 
4.16 

189 
1 67 
1.91 
1.:9 

L99 
1.44 
! 3 
2.91 
1 4 1  
1.14 
1.17 
1.24 
1.J8 
1.23 
1.20 
212 
305 
1.15 
1.02 
1.19 
1.11 
3.lJ 
1.19 
zw 
2 91 
1.14 
3.11 
1.18 

2.60 

69 
28 

1 
0 

5 1  
18 

1 
4 

101 
244 

88 
114 

io 
191 
190 

1012 
215 
241 
195 
34 

820 
187 

13.11 
343 
115 
234 
1n5 
134 
IM 
71 
79 
14 

117 

90.45 09.10 13.72 1.31 2a2 
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P R E S E R V E D  
S I Z E  (mm) 

LIVE SIZE 
(mm) 

2 . 5 0  3 . 2 6  

3 . 7 5  4 . 5 7  

4 . 7 5  5 . 6 9  

5 . 7 5  6 . 2 7  

6 . 7 5  7 . 8 3  

7 . 7 5  8 . 8 7  

( t )  
A V E .  A G E  

(day)  

4 . 9  1 

8 . 6 0  

1 1 . 5 8  

1 4 . 1 5  

1 6 . 4 1  

1 8 . 6 2  

( W P t )  
DAILY LARVAL 

?ROD./O.O5 rn2 

0 . 5  18 

0 . 1 2 1  

0 . 0 8 3 8  

0.0665 

0 . 0 4 8  1 

0.036 

A G E 1 3 . 1 6  ( t / t h )  

@ 7 . 5  DAILY L A R V A L  PRODUCTION PER 0.05 tn2 (,+,Pt) A T  AGE t ,  1 9 7 9  
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