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I N T R O D U C T I O N  

Although a c o n s i d e r a b l e  amount of r e s e a r c h  h a s  been under taken  on t h e  

t r e a t m e n t  of r e c o v e r y  s t a t i s t i c s  from double- tagging  s t u d i e s  ( e  .g . ,  Chapman 

e t  a l .  1965; B a y l i f f  and Mobrand 1972: Kirkwood 1981; W e t h e r a l l  MS'), 

l i t t l e  a t t e n t i o n  h a s  been pa id  to  q u e s t i o n s  which a r i s e  i n  t h e  p l a n n i n g  

s t a g e s  of such  expe r imen t s  

r e s u l t s  may f a l l  s h o r t  of e x p e c t a t i o n s ,  and t h e  inves tmen t  of s c a r c e  

r e s o u r c e s  i n  e x p e n s i v e  t a g g i n g  o p e r a t i o n s  may be for naugh t .  

Yet wi thou t  c a r e f u l  p l ann ing  e x p e r i m e n t a l  

Our aim i n  t h i s  paper  is t o  d e v e l o p  some g u i d e l i n e s  for p l a n n i n g  

expe r imen t s  i n  which a s i n g l e  c o h o r t  of double- tagged f i s h  is r e l e a s e d  

p r i o r  t o  a t o t a l  r e c a p t u r e  p e r i o d  which may be p a r t i t i o n e d  i n t o  a sequence  

of time i n t e r v a l s .  S p e c i f i c a l l y  we wish to  e s t a b l i s h  p rocedures  for 

d e t e r m i n i n g  how many f i s h  should  be double- tagged , how l o n g  t h e  expe r imen t  

should  r u n ,  and how t h e  r e c o v e r y  d a t a  should  be grouped .  The answers  

depend on t h e  objectives of t h e  e x p e r i m e n t ,  on t h e  l e v e l  of p r e c i s i o n  

d e s i r e d  and on s p e c i f i e d  or assumed c o n d i t i o n s  under which t h e  expe r imen t  

W i l l  be conducted .  We first d e v e l o p  t h e  s t a t i s t i c a l  framework for making 

p l a n n i n g  d e c i s i o n s  and then  p r e s e n t  a series of t a b l e s  which a s s i s t  t h e  

e x p e r i m e n t e r  i n  d e c i d i n g  how many f i s h  to  double- tag  t o  a c h i e v e  e i t h e r  o f  

two d i f f e r e n t  e x p e r i m e n t a l  o b j e c t i v e s .  

'Wethera l l  , J. A. 1981. Ana lys i s  of double- tagging  expe r imen t s .  
Southwest  F i s h e r i e s  Center  Honolulu Labora to ry ,  Na t iona l  Marine F i s h e r i e s  
S e r v i c e ,  NOAA, Honolulu,  H I  96812. [Manuscr ip t  submi t t ed  t o  F i s h .  Bu l l . ,  
U.S., May 1981.1 
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While it is o f t e n  recommended t h a t  f i s h  be  double-tagged s i m p l y  t o  

increase expec ted  r e c o v e r y  r a t e s  ( e . g . ,  Hynd 1969; B a y l i f f  1973), t h e  c h i e f  

aim o f  most double- tagging expe r imen t s  is  to  e s t i m a t e  r a t e s  of tag-shedding * 

which a r e  used i n  t u r n  t o  c o r r e c t  estimates o f  m o r t a l i t y  and o t h e r  p o p u l a t i o n  

p a r a m e t e r s  d e r i v e d  from o r d i n a r y  s i n g l e - t a g g i n g  s t u d i e s .  Less well known is 

t h a t  doub le - t agg ing  expe r imen t s  may be conducted t o  e s t i m a t e  m o r t a l i t y  r a t e s  

d i r e c t l y ,  i n  such a way t h a t  no c o r r e c t i o n s  for t a g  shedd ing  are n e c e s s a r y  

( W e t h e r a l l ,  see f o o t n o t e  1 ) .  H e r e a f t e r  we d i s t i n g u i s h  t h e s e  two purposes  a s  

O b j e c t i v e  I and O b j e c t i v e  11, r e s p e c t i v e l y .  

I 

c 

STATISTICAL MODELS AND ASSUMPTIONS 

I n  the c a s e  of both O b j e c t i v e  I and O b j e c t i v e  I1 we w i l l  assume t h e  

e x p e r i m e n t a l  c o h o r t  i s  double-tagged with t a g s  which have i d e n t i c a l  and 

c o n s t a n t  shedd ing  p r o b a b i l i t i e s  t h a t  t h e  shedding o f  i n d i v i d u a l  t a g s  

o c c u r s  i n d e p e n d e n t l y ,  t h a t  t h e  burden imposed by two t a g s  i s  t h e  same as  it 

is with o n e ,  and t h a t  a l l  tagged f i s h  r e c a p t u r e d  a r e  r e c o v e r e d  and 

r e p o r t e d .  We assume f u r t h e r  t h a t  i n s t a n t a n e o u s  p r o b a b i l i t i e s  o f  n a t u r a l  

m o r t a l i t y  and r e c a p t u r e  a r e  t h e  same f o r  f i s h  w i t h  o n l y  a s i n g l e  t a g  

r ema in ing  a s  for t h o s e  f i s h  with b o t h  t a g s  s t i l l  i n t a c t .  In t h e  case o f  

O b j e c t i v e  11, we make t h e  a d d i t i o n a l  assumption t h a t  t h e  m o r t a l i t y  r a t e s  

a r e  cons tan t  ove r  t h e  c o u r s e  of t h e  experiment .  

L e t  rsi and rdi d e n o t e  t h e  number of r e c a p t u r e s  of f i s h  b e a r i n g  one O r  

two t a g s ,  r e s p e c t i v e l y ,  d u r i n g  t h e  r e c a p t u r e  p e r i o d  c e n t e r e d  a t  time T i ,  

i = 1, 2, ..., n .  When O b j e c t i v e  I is b e i n g  pu r sued ,  we assume r e c a p t u r e  

s t a t i s t i c s  a r e  ana lyzed  u s i n g  t h e  l i n e a r  r e g r e s s i o n  model of B a y l i f f  and 

Mobrand ( 1 972 ) : 

c 

c 



where 

and ( 1 4 )  and L a r e  t h e  Type I and Type I1 shedd ing  r a t e s ,  r e s p e c t i v e l y .  

Since our  e s t i m a t e  of P w i l l  i n v a r i a b l y  b e  more p r e c i s e  than  ou r  e s t i m a t e  

of L, w e  f o c u s  ou r  concern  on t h e  l a t t e r  pa rame te r .  S p e c i f i c a l l y ,  ou r  

o b j e c t i v e  w i l l  be t o  a c h i e v e  a p r e s c r i b e d  c o e f f i c i e n t  of v a r i a t i o n  i n  L, 
A 

v i z . ,  

kt x = { X i j )  d eno te  t h e  nx2 d a t a  m a t r i x  such t h a t  x i l  = 1 f o r  a l l  i and 

X i 2  = Ti, and l e t  V = Iv i j )  be  t h e  nxn c o v a r i a n c e  m a t r i x  of t h e  r e s i d u a l s .  

Then t h e  a sympto t i c  c o v a r i a n c e  m a t r i x  of our  r e g r e s s i o n  parameter  e s t i m a t e s  

i s  t h e  2x2 a r r a y  

u = (XT v-1 XI’’ = I U i j )  

where T d e n o t e s  t r a n s p o s e .  

Note t h a t  V may be  f a c t o r e d  i n t o  two components,  v i z . ,  

V = G ( i )  
where t h e  s c a l a r  q u a n t i t y  N i s  t h e  number of double- tagged f i s h  r e l e a s e d  and 

t h e  e l e m e n t s  of G a re  f u n c t i o n s  of L, p , t h e  m o r t a l i t y  rates and t h e  Ti. 

Hence 
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To a c h i e v e  the  d e s i r e d  C;, we can man ipu la t e  a number o f  e x p e r i m e n t a l  
A 

f a c t o r s  which a f f e c t  the  v a r i a n c e  of L, v i z . ,  

Most obv ious  of these is t h e  llsample s i z e , "  N. Also i m p o r t a n t  a r e  t h e  

number of time p e r i o d s  i n t o  which r e c a p t u r e s  are grouped md the  t o t a l  

l e n g t h  o f  t h e  e x p e r i m e n t .  These d e t e r m i n e  the  number of d a t a  p o i n t s ,  n ,  

a n d ,  a l o n g  w i t h  p r e v a i l i n g  m o r t a l i t y  r a t e s  and shedding ra tes ,  the  overal l  

r e c a p t u r e  p r o b a b i l i t i e s .  However, for any spec i f ied  combinat ion of t h e  

other factors  t h e  c o h o r t  s i z e  N produc ing  t h e  d e s i r e d  c o e f f i c i e n t  of 
A 

v a r i a t i o n  i n  L, s a y  Ci = 6 ,  may be computed a s  

22 W 

N 6 = - .  
L26 

A 2 
If L is n o r m a l l y  d i s t r i b u t e d  w i t h  mean L and v a r i a n c e  0 1  t hen  e n s u r i n g  t h a t  

C2 = 6 is e q u i v a l e n t  to  e n s u r i n g  t h a t  L w i l l  be w i t h i n  2006 p e r c e n t  of L 

w i t h  abou t  95% c o n f i d e n c e .  

A 

P 

It rema ins  now to  s p e c i f y  t he  e l e m e n t s  of G. These depend on t h e  

assumed error d i s t r i b u t i o n  f o r  t h e  r e g r e s s i o n  model.  In t he  B a y l i f f -  

Mobrand model Wetherall (see f o o t n o t e  1) assumes t h a t  rsi and rdi are  

b inomia l  random v a r i a b l e s  c o n d i t i o n a l  on the  t o t a l  number of r e c a p t u r e s  

i n  t he  ith per iod .  In t h i s  e v e n t  t h e  ith d i a g o n a l  e lement  of C i s  

a p p r o x i m a t e l y  

c 
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where K = p r o b a b i l i t y  t h a t  a t a g  is s t i l l  a t t a c h e d  a t  time T i  i 

and 

-LTi 
= pe 

pi = p r o b a b i l i t y  t h a t  a member of t h e  o r i g i n a l  tagged c o h o r t  is 

r e c a p t u r e d  d u r i n g  t h e  ith p e r i o d  

FAi e -(F+M)Ti. . 

Here Ai is  t h e  l e n g t h  of t h e  ith time i n t e r v a l  c e n t e r e d  a t  T i ,  F i s  t h e  

i n s t a n t a n e o u s  f i s h i n g  m o r t a l i t y  ra te  (assumed c o n s t a n t )  and M is t h e  

i n s t a n t a n e o u s  n a t u r a l  m o r t a l i t y  r a t e .  

m u t u a l l y  i n d e p e n d e n t ,  so t h a t  giij = 0 for i # j .  

We f u r t h e r  assume t h a t  t h e  yi a r e  

When t h e  double- tagging experiment  is conducted w i t h  O b j e c t i v e  I1 i n  

mind t h e  model given by W e t h e r a l l  (see f o o t n o t e  1)  i s  a p p r o p r i a t e :  

and Z = F + M = qf  + M. 

Here q is  t h e  c a t c h a b i l i t y  c o e f f i c i e n t  and f is  t h e  c o n s t a n t  f i s h i n g  e f for t  

a p p l i e d  d u r i n g  each  u n i t  time i n t e r v a l .  

N which a c h i e v e s  a s p e c i f i e d  C? = Cr;'z/z = 6 .  

In t h i s  case we s e e k  t h e  v a l u e  of 

BY d i r e c t  a n a l o g y  t h i s  is  

W' 22 - -  
Nfs - z 2  6 2  

where w i 2  i s  t h e  second d i a g o n a l  e lement  of (X G ' - l  XI-' and G' i s  t h e  

error c o v a r i a n c e  mat r ix  for t h e  o b s e r v a t i o n s  y i .  

d i s t r i b u t i o n a l  a s sumpt ions  on rdi and rsi, b u t  w i th  t h e  added c o n d i t i o n  

t h a t  r. 

Under t h e  same 

= rdi + rsi i s  P o i s s o n ,  we have i 



6 

x 

1 
and as  b e f o r e  we assume g i j  = 0 f o r  i # j .  

As i n  s i n g l e - t a g g i n g  expe r imen t s  , t h e  b i g g e r  t h e  r e c a p t u r e  sample t h e  

h i g h e r  t h e  p r e c i s i o n  i n  t h e  parameter  e s t i m a t e s .  The number o f  tagged f i s h  

r e c a p t u r e d  is t h e  p roduc t  of t h e  number r e l e a s e d ,  N ,  and t h e  r e c a p t u r e  r a t e  6, 

n 
where 

The expe r imen te r  c o n t r o l s  t h e  number r e l e a s e d ,  o f  c o u r s e ,  and may also 

i n f l u e n c e  t h e  r e c a p t u r e  r a t e  by c u r t a i l i n g  o r  e x t e n d i n g  t h e  t o t a l  r e c a p t u r e  

p e r i o d .  ’Ihere is a t r a d e  o f f  h e r e  which t h e  expe r imen te r  must  e v a l u a t e :  an 

estimate o f  L w i t h  s p e c i f i e d  p r e c i s i o n  may be o b t a i n e d  soone r  ( s h o r t e n e d  

r e c a p t u r e  p e r i o d )  by making a b i g g e r  i n i t i a l  i nves tmen t  ( r e l e a s i n g  more 

double- tagged f i s h )  . Conver se ly ,  i f  t h e  t a g g i n g  budget s e v e r e l y  res t r ic ts  

t h e  s i z e  of t h e  i n i t i a l  r e l e a s e ,  t h e  expe r imen te r  may have to  wait o u t  a 

l o n g e r  r e c a p t u r e  p e r i o d  t o  a c h i e v e  t h e  d e s i r e d  resul ts .  The effects  of 

t h e s e  two f a c t o r s  on t h e  c o e f f i c i e n t  of v a r i a t i o n  i n  L a re  i l l u s t r a t e d  i n  

F i g u r e  1. Here we o b s e r v e  t h a t  to  d o u b l e  t h e  p r e c i s i o n  t h e  sample s i z e  

must be  q u a d r u p l e d ,  a s  e x p e c t e d .  S i m i l a r l y ,  for a given number of f i s h  

r e l e a s e d ,  a 4-yr r e c a p t u r e  p e r i o d  w i l l  a lmost  d o u b l e  t h e  p r e c i s i o n  i n  L 

o v e r  a 2-yr r e c a p t u r e  p e r i o d .  

h 

h 

Another f a c t o r  which a f f ec t s  t h e  p r e c i s i o n  o f  2 i s  t h e  number of d a t a  

p o i n t s ,  i . e . ,  t h e  number of g roup ing  i n t e r v a l s  i n t o  which t h e  t o t a l  

r e c a p t u r e  p e r i o d  is d i v i d e d .  F i g u r e  2 shows t h e  c o e f f i c i e n t  of v a r i a t i o n  

i n  L which is a t t a i n e d  wi th  d i f f e r e n t  g r o u p i n g s  assuming a p a r t i c u l a r  

combinat ion of m o r t a l i t y  and shedd ing  r a t e s ,  an i n i t i a l  release of 5,000 

h 

Y 



n 
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Y 

DURATION OF EXPERIMENT (YRS) 

F i g u r e  I . - - E f f e c t s  oE d u r a t i o n  of expe r imen t  arid Gumber of double- tagged 
f i s h  r e l e a s e d  on t h e  c o e f f i c i e n t  of v a r i a t i o n  of L ,  C . V . ( L ) .  
L = 0 . 3 ,  p = 0.9,  F = 0 . 4 ,  M = 0 . 4 ,  A = 0.5 yr.] 

[Assumes 

OOL-+------L 2 3 4 5 6 I 7 I 8 I 9 I _I IO 

NUMBER OF GROUPING INTERVALS PER YEAR 

F i g u r e  2 . - -Effec ts  o f  g roup ing  i n t e r v a l  and d u r a t i o n  o f  expe r imen t  on t h e  
c o e f f i c i e n t  of v a r i a t i o n  of 2, C . V . ( E ) .  
M = 0.4 ,  N = 5,000.1 

[Assumes L = 0.10, p = 0.9,  F = 0.4, 
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f i s h  and t o t a l  r e c a p t u r e  p e r i o d s  of 1 ,  2, o r  4 y r .  A t  l e a s t  for t h i s  se t  

of  c o n d i t i o n s  t h e r e  a p p a r e n t l y  is l i t t l e  t o  be gained from group ing  

r e c a p t u r e  d a t a  i n t o  i n t e r v a l s  s h o r t e r  than one q u a r t e r  o f  a y e a r .  A f i n e r  

p a r t i t i o n i n g  would p r o v i d e  a s l i g h t  i n c r e a s e  i n  p r e c i s i o n  , b u t  t h i s  would 

n o t  be a d v i s a b l e  u n l e s s  a r e a s o n a b l y  l a r g e  number of r e c a p t u r e s  cou ld  be 

expec ted  i n  e a c h  i n t e r v a l .  Choice of t h e  g roup ing  i n t e r v a l  w i l l  t h u s  be 

i n f l u e n c e d  s t r o n g l y  by t h e  i n t e n s i t y  and s e a s o n a l i t y  of f i s h i n g .  For 

example , where r e c a p t u r e  e f f o r t  is c o n c e n t r a t e d  i n  a r e l a t i v e l y  b r i e f  

annua l  f i s h i n g  season  t h e  d a t a  w i l l  be c l u s t e r e d  i n  i n t e r v a l s  c e n t e r e d  a t  

T, = 'I y r ,  T2 = 2 y r ,  and so on. 

DETERMINING SAMPLE SIZE 

We t u r n  now t o  t h e  Appendix Tab les  and t h e  problem of d e t e r m i n i n g  how 

many double-tagged f i s h  to  r e l e a s e  i n  a s i n g l e  c o h o r t  t o  a c h i e v e  a 

s p e c i f i e d  p r e c i s i o n  i n  2 (Appendix A )  o r  ^z (Appendix B ) .  

t a b l e s  one must s p e c i f y  

To e n t e r  the 

( 1 )  g u e s s e s  o f  t h e  p a r a m e t e r s  L and P; 

(2) estimates of t h e  i n s t a n t a n e o u s  f i s h i n g  m o r t a l i t y  r a t e ,  F, and 

n a t u r a l  m o r t a l i t y  r a t e ,  M; t h e s e  are assumed c o n s t a n t  o v e r  t h e  

d u r a t i o n  o f  t h e  e x p e r i m e n t ;  

( 3 )  t h e  minimum width of r e c a p t u r e  i n t e r v a l s  ( g r o u p i n g  i n t e r v a l s )  : the 

t a b l e  computa t ions  assume i n t e r v a l s  have e q u a l  w id th .  

It is assumed t h a t  t h e s e  are immutable f e a t u r e s  of the experimental 

s e t t i n g .  Three key fac tors  then  r ema in ,  e a c h  de te rmined  by t h e  

ex per imen t e r  : 

P 

c 

c 
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( 1  1 The d e s i r e d  p r e c i s i o n  i n  2 o r  hz,  measured by t h e  a p p r o p r i a t e  

c o e f f i c i e n t  o f  v a r i a t i o n  ; 

( 2 )  t h e  d u r a t i o n  o f  t h e  e x p e r i m e n t ;  

( 3 )  t h e  number of double-tagged f i s h  r e l e a s e d .  

Usua l ly  t h e  p r e c i s i o n  and d u r a t i o n  w i l l  be e x p l i c i t l y  s t a t e d  i n  t h e  

e x p e r i m e n t a l  o b j e c t i v e s ,  and t h e  sample s i z e  w i l l  t hen  be chosen t o  a c h i e v e  

t h e  d e s i r e d  r e s u l t s .  However , sample s i z e  and d u r a t i o n  may be t r a d e d  off , 

a s  i n d i c a t e d  above , and e i t h e r  b u d g e t a r y  o r  time c o n s t r a i n t s  may force an 

a d j u s t m e n t  of  g o a l s  with r e s p e c t  t o  t h e  p r e c i s i o n  i n  L o r  2. 
h A 

Appendix A c o n t a i n s  t he  sample s i z e  t a b l e s  for t h e  s i t u a t i o n  where 

O b j e c t i v e  I i s  o f  i n t e r e s t .  

combinat ion of L and p. We g i v e  r e s u l t s  for t h r e e  v a l u e s  of L (0.10, 0.30, 

0.70) and f o u r  of p (1 .0,  0.90, 0.70, 0 .50) .  Each page h a s  f o u r  t a b l e s ,  

c o r r e s p o n d i n g  to  g roup ing  i n t e r v a l s  of 0.10, 0.25, 0.50, and 1.0 y r .  

Within each  t a b l e  r e s u l t s  are given f o r  2 5  combina t ions  o f  F and M, w i t h  F 

r a n g i n g  from 0.10 t o  1.20 and M from 0.10 to  0.80. F i n a l l y ,  e a c h  cel l  

c o n t a i n s ,  from t o p  t o  bot tom, t he  number o f  double-tagged f i s h  ( t h o u s a n d s )  

which must  be r e l e a s e d  i n  a s i n g l e  c o h o r t  to a c h i e v e  a 25% c o e f f i c i e n t  of 

v a r i a t i o n  i n  2 when t h e  t o t a l  r e c a p t u r e  pe r iod  is 1, 2, or 4 y r .  

b c h  page c o r r e s p o n d s  t o  a d i f f e r e n t  

As noted above,  i f  2 i s  norma l ly  d i s t r i b u t e d ,  e x p e c t i n g  a c o e f f i c i e n t  

of v a r i a t i o n  of 25% is e q u i v a l e n t  to  e x p e c t i n g  an estimate of L w i t h i n  50% 

of t h e  t r u e  v a l u e  o f  L w i t h  about  95% c o n f i d e n c e .  If more or less 

p r e c i s i o n  is d e s i r e d ,  t h e  sample sizes given i n  Appendix A may be  e a s i l y  

a d j u s t e d  , u s i n g  t h e  formula 



1.0 

 NE^ = 0.0625 

where t a b l e d  sample s ize  c o r r e s p o n d i n g  to a coeff ic ient  of 

v a r i a t i o n  o f  0.25 

N0.25 = 

6 = d e s i r e d  c o e f f i c i e n t  o f  v a r i a t i o n  ( e . g . ,  10% or 0.10) 

N6 = des i red  sample s i z e .  

Although t h e  t a b l e d  sample s i z e s  were computed assuming c o n s t a n t  F and 

M and equa l  g roup ing  i n t e r v a l s ,  t h e y  should p r o v i d e  u s e f u l  g u i d e l i n e s  even 

f o r  c a s e s  w i t h  unequal i n t e r v a l s  and f o r  t h e  common s i t u a t i o n s  where 

f i s h i n g  is per iodic .  Should one wish  to onmpute the expec ted  number of 

r e c a p t u r e s  for a g iven  set  o f  e x p e r i m e n t a l  c o n d i t i o n s ,  the  resu l t  may be 

o b t a i n e d  a s  t h e  p r o d u c t  of t h e  sample s i z e  from Appendix A and t h e  

a p p r o p r i a t e  expected r e c a p t u r e  r a t e  from Appendix C. Note t h a t  the  

r e c a p t u r e  r a t e s  a r e  independen t  of  t h e  g roup ing  i n t e r v a l .  

To i l l u s t r a t e  the use of Appendices A and C ,  suppose t h a t  o u r  r e s e a r c h  

p l an  c a l l s  f o r  e s t i m a t i n g  L w i t h  a c o e f f i c i e n t  of v a r i a t i o n  of 10% ( i f  we 

a r e  w i l l i n g  to  assume n o r m a l i t y  of ^L, t h i s  is e q u i v a l e n t  to  s p e c i f y i n g  a 95% 

chance o f  e s t i m a t i n g  L w i t h i n  20% of its t r u e  v a l u e ) .  We a r e n ' t  s u r e  of t h e  

n a t u r a l  m o r t a l i t y  r a t e ,  b u t  g u e s s  i t  is  abou t  0.4, based on e x p e r i e n c e  with 

a n o t h e r  p o p u l a t i o n  of t h e  same s p e c i e s .  We a l s o  g u e s s  t h a t  F = 0.2 and t h a t  

t h e  r e c a p t u r e  d a t a  cou ld  be grouped i n  3 4 0  i n t e r v a l s .  To i n t e g r a t e  wi th  

other a n a l y s e s ,  we w i l l  need our  shedd ing  r a t e  estimates i n  a b o u t  2 y r .  

F i n a l l y ,  o t h e r  s t u d i e s  s u g g e s t  to  us t h a t  Type I shedd ing  is  p r o b a b l y  a b o u t  

lo%, and t h a t  Type I1 shedd ing  occurs a t  t h e  r a t e  o f  abou t  25% pe r  y e a r :  

t h u s ,  we g u e s s  t h a t  p = 1.0 - 0.1  = 0.9 and L = - In(  1 . O  - 0.25)  = 0.30. 

c 

c 

c 

P 
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With t h i s  information we enter Appendix A ,  page 17, and f ind  t h a t  a 

r e l e a s e  o f  about 1,120 double-tagged f i s h  w i l l  g i v e  a 25% c o e f f i c i e n t  o f  

v a r i a t i o n  under the  s p e c i f i e d  cond i t ions .  Using the  formula above, with 

6 = 0.10 and 

According to Appendix C, we would expect to r ecap tu re  about 7,000 x 0.21 

= 1,470 tagged f i s h  over t he  course o f  t he  experiment. A t  t h i s  j u n c t u r e ,  we 

would determine whether our budget would permit u s  t o  t a g  7,000 f i s h ;  i f  

n o t ,  p rec i s ion  would have t o  be reduced,  t he  experiment extended o r  some 

o t h e r  adjustment  made. 

= 1,120, we compute our f i n a l  resul t ,  No. = 7,000 f i s h .  

In  p r a c t i c e ,  it is a good idea to explore  a range o f  va lues  of the  

v a r i o u s  parameters  and t o  check t h e  e f f e c t s  on sample size. For example, i n  

t h e  hypo the t i ca l  case  above i f  L was guessed to be 0.10 i n s t e a d  of 0.30 we 

would compute a sample s i z e  requirement  o f  22,560 f i s h  in s t ead  o f  7,000; i f  

L was 0.70 i n s t e a d  of 0.30 we would r e q u i r e  on ly  5,000 f i s h .  

h igher  t he  Type I1 shedding r a t e ,  t h e  e a s i e r  it is to d e t e c t  and e s t ima te  it 

prec  i se l  y . 

Clea r ly ,  t h e  

I n  t h e  case o f  B j e c t i v e  11, sample s izes  may be computed using t a b l e s  

i n  Appendix B i n  the  same manner a s  above. Note , however , t h a t  results a r e  

given f o r  t he  a d d i t i o n a l  s i t u a t i o n s  when L = 0. Thus t hey  i n c l u d e  the  com- 

b i n a t i o n  of parameters  a s soc ia t ed  with no shedding, i .e.,  p = 1 - 0  and L = 0. 

This  p a r t i c u l a r  set o f  t a b l e s  may be used i n  planning e i t h e r  double-tagging 

or o r d i n a r y  s ingle- tagging  experiments designed to es t ima te  2. 

For many sets of c i r cuns t ances  Appendices A and B w i l l  show t h a t  
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h h 

O b j e c t i v e  I or O b j e c t i v e  I1 t h e  answer would depend on how L or  2 i s  

u l t i m a t e l y  used and on t h e  r o b u s t n e s s  of t h e  a s s o c i a t e d  d e c i s i o n  p r o c e d u r e s .  

However, a coeff ic ient  o f  v a r i a t i o n  of 25% i s  p robab ly  t h e  minimum l e v e l  of 

p r e c i s i o n  a c c e p t a b l e .  Many pub l i shed  e s t i m a t e s  of L or Z a r e  f a r  less 

p r e c i s e ,  wi th  c o e f f i c i e n t s  of v a r i a t i o n  exceeding  100%. 
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APPENDIX A 

Sample sizes (thousands of fish) in double-tagging experiments of 1-yr 
(upper figures), 2-yr (middle figures), or 4-yr duration (lower figures) 
required for estimating L with a coefficlent of variation of 25%. Dashes 
denote infeasible cases. p =1.06 
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Appendix A.--Continued. 
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Appendix A. --Continued. 
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APPENDIX B 

Sample sizes (thousands of fish) in double-tagging experiments of 1-yr 
(upper figures), 2-yr (middle figures), or 4-yr duration (lower figures) 
required for estimating 2 with a coefficient of variation of 25%. Dashes 
denote infeasible cases. p = 1.00 
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APPENDIX C 

Proportion of fish initially released with two tags which are recaptured 
with at least one tag remaining during experiments of 1-yr (upper figures), 
2-yr (middle figures), or 4-yr duration (lower figures). 
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