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POSSIBLE EFFECTS OF SAMPLING BIASES 
ON REPRODUCTION RATE ESTIMATES FOR 

DOLPHIN I N  THE EASTERN TROPICAL PACIFIC 

Tom Pol acheck 
Southwest F i s h e r i e s  Center 
La J o l l a ,  C a l i f o r n i a  92038 

and 
Department o f  B i  o l  ogy 
U n i v e r s i t y  o f  Oregon 
Eugene, Oregon 97403 

INTRODUCTION 

The on ly  avai  1 ab1 e i n f o r m a t i o n  on t h e  1 i f e  h i  s t o r y  parameters f o r  dol  ph in  
popu la t ions  i n  the  eas tern  t r o p i c a l  P a c i f i c  i s  der ived  from animals 
i n c i d e n t a l l y  k i l l e d  du r ing  y e l l o w f i n  tuna purse se ine operat ions.  Because of 
t h e  methods by which these samples have been ob ta ined and apparent 
i ncons is tenc ies  i n  some o f  t h e  est imated l i f e  h i s t o r y  parameters, t h e  ques t ion  
o f  p o t e n t i a l  b iases i n  these samples has been r a i s e d  (Powers and Barlow, 
19791). 

Young ca lves  and l a c t a t i n g  females may be more vu lnerab le  than o t h e r  
animal s dur ing  purse se in ing  operat ions.  Ana lys is  o f  t h e  p r o p o r t i o n  o f  
immature females o f  t he  t o t a l  number o f  do lph ins  k i l l e d  i n  a s e t  supports t h e  
suggest ion t h a t  t he  o v e r a l l  sample f o r  t he  spot ted  do lph in  ( S t e n e l l a  
a t tenua ta )  may be b iased towards immature animals (Powers and Barlow, 
1 9 / 9 l ) .  S i m i l a r  ana lys i s  f o r  t he  data on t h e  eastern sp inner  and nor thern  
whi t ebe l  l y  sp inner  dol ph i  n (Stenel  1 a 1 ongi r o s t r i  s d i d  n o t  revea l  any 
s i g n i f i c a n t  d i f f e rences ,  a l though a t r e n d  d i d  e x i s t .  I n  an at tempt  t o  c o r r e c t  
f o r  t h i s  b ias,  t h e  l i f e  h i s t o r y  parameters f o r  S .  at tenuata  have been 
est imated on ly  from se ts  i n  which more than f o r t y  doTphins have been k i l l e d ,  
based on t h e  assumption t h a t  l a r g e  k i l l s  should tend t o  be unse lec t i ve  

IPowers, J. E. and J . Barlow. 
do lph ins i n  the  eastern t r o p i c a l  P a c i f i c ,  SOPS/79/31. 
SOPS/79/31 Status of Porpoise Stocks Workshop, Southwest F i s h e r i e s  Center, La 
J o l l a ,  C a l i f o r n i a .  

1979. Biases i n  t h e  tuna-net  sampl i n g  o f  
Working paper, 
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(Henderson, e t  a1 . , 197g2). However, the quest ion o f  p o s s i b l e  biases s t i l l  
remains as a number of t he  est imated l i f e  h i s t o r y  parameters appears 
i n c o n s i s t e n t  (e.g., Polacheck, i n  prep. a and b 3 ) .  

The purpose o f  t h i s  r e p o r t  i s  t o  p resen t  a s e n s i t i v i t y  a n a l y s i s  on t h e  
e f f e c t s  t h a t  b iased sampling of young ca lves and l a c t a t i n g  females would have 
on t h e  va r ious  est imated l i f e  h i s t o r y  parameters. This  s e n s i t i v i t y  ana lys i s  
prov ides one measure o f  the r e l i a b i l i t y  o f  t he  va r ious  estimates. Also, where 
i nconsi s t e n c i  es i n  the  est imates can be i d e n t i f i e d ,  t h i s  a n a l y s i s  prov ides one 
means f o r  e v a l u a t i n g  which est imates a re  l i k e l y  i n  e r r o r .  

METHODS 

The e f f e c t s  o f  sampling biases toward nu rs ing  p a i r s  ( i .e. ,  l a c t a t i n g  
females w i t h  t h e i r  ca l ves )  and immature ca lves were explored by developing a 
s imple model f o r  t he  number o f  animals i n  each category which would have been 
i n  the  sample i n  t h e  absence o f  t he  s e l e c t i v e  f a c t o r .  These "corrected"  
observat ions were then used t o  compute co r rec ted  values f o r  t h e  p r o p o r t i o n  
mature, t h e  sex r a t i o ,  t h e  r a t i o  o f  l a c t a t i n g  t o  immature females, t h e  
pregnancy r a t e  and the  gross annual reproduct ion r a t e .  The f o l l o w i n g  symbols 
w i l l  be u s e f u l  i n  d e f i n i n g  how the  ana lys i s  was conducted. Let :  

b l  = t he  p r o p o r t i o n a l  b i a s  o r  increased v u l n e r a b i l i t y  o f  nu rs ing  
p a i r s  

b2 = t h e  p r o p o r t i o n a l  b i a s  o r  increased v u l n e r a b i l i t y  o f  immature 
ca l ves  i n  a d d i t i o n  t o  b i .  

P 
R 
L 
C 
U 

rep roduc t i  ve condi ti on 
I = t h e  number o f  immature females 
N = the number o f  nu rs ing  ca lves 

= the  number o f  pregnant females i n  a sample 
= the  number o f  r e s t i n g  females 
= the  number o f  l a c t a t i n g  females 
= the  number o f  l a c t a t i n g  and pregnant females 
= t h e  number o f  mature females u n c l a s s i f i e d  w i t h  respect  t o  

2Henderson, J . ,  W. F. P e r r i n  and R. B. M i l l e r .  1979. Gross annual p roduc t i on  
dol  p h i  n popul a t i  ons (Stenel  1 a spp. 
SOPS/79/33. 
Southwest F i s h e r i e s  Center, La J o l l a ,  C a l i f o r n i a .  

i n  the  eastern t r o p i c a l  Paci f i c ,  
Working paper, SOPS/79/33 Status o f  Porpoise Stocks Workshop, 

3Polacheck, T. 
r a t e s  from rep roduc t i ve  data f o r  do lph in  populat ions i n  the  eastern t r o p i c a l  
P a c i f i c .  NOAA Technical Memorandum, NMFS-SWFC. 

I n  prep. a. Es t ima t ing  c u r r e n t  r a t e s  o f  increase and s u r v i v a l  

Polacheck, T. I n  prep. b. Juven i l e  s u r v i v a l  r a t e s  as est imated from the  
p r o p o r t i o n  o f  immature females t h a t  are nu rs ing  f o r  do lph in  s tocks i n  t h e  
eastern t r o p i c a l  P a c i f i c .  NOAA Technical Memorandum, NMFS-SWFC. 
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M = the number o f  males 

The s u b s c r i p t  c w i l l  be used w i t h  t h e  above symbols t o  designate the  sample 
values c o r r e c t e d  f o r  biases b l  and b2, and t h e  s u b s c r i p t  o t o  designate t h e  
observed sample values. Accounting f o r  biases b l  and b2, t he  co r rec ted  number 
i n  the  va r ious  rep roduc t i ve  s t a t e s  can be modeled as: 

- 
pc - 

- 
Rc - Ro 

- 1 
LO Lc - - 

l+bl 

- 1 
cc - I+bl co 

uc - - uo - uo (k) ( LoL: C+ 0 +c;o + Ro 

1 )  5 b l  Lo + co (1, - - ( L o  + co + u, ( - 1 - -  
IC l+b2 l+bl Lo + Co + Po + R, 

= Mo - ( I o  - I C )  
MC 

( 3 )  

(4) 

( 7 )  

Equations 5 and 6 assume t h a t  t h e  p r o p o r t i o n  o f  undetermined sexua l l y  mature 
females t h a t  are i n  t h e  var ious rep roduc t i ve  s t a t e s  i s  equal t o  the  p r o p o r t i o n  
f o r  which t h e  rep roduc t i on  s t a t e s  were determined. Equations 6 and 7 assume 
t h a t  the sex r a t i o  o f  nu rs ing  ca lves i s  .5 and equat ion 7 assumes t h a t  the sex 
r a t i o  o f  a l l  immature ca lves i s  .5. 
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Est imates o f  t h e  p r o p o r t i o n  mature, t h e  sex r a t i o ,  t he  r a t i o  o f  l a c t a t i n g  
t o  immature females, t he  pregnancy r a t e  as est imated by Method 1 (see 
Henderson e t  al., 197g2), and the gross annual rep roduc t i on  r a t e  (G.A.R. were 
c a l c u l a t e d  us ing  the  co r rec ted  values f o r  t he  observed number i n  each 
rep roduc t i ve  c o n d i t i o n  f o r  a range o f  values f o r  b l  and b2. The ana lys i s  was 
conducted on the  f i v e  stocks f o r  which t h e  observed numbers i n  each 
rep roduc t i ve  s t a t e  a re  avai  1 ab1 e (Henderson, e t  a1 . , 19792). 

The s e n s i t i v i t y  o f  Henderson's Method 2 f o r  e s t i m a t i n g  pregnancy r a t e s  
was a1 so considered. Reca lcu la t i ng  t h e  pregnancy r a t e  as est imated by 
Method 2 t o  account f o r  b i a s  i s  n o t  s t ra igh t fo rward .  However, b i a s  b l  should 
n o t  i n t roduce  a b i a s  i n t o  the  Method I 1  est imates o f  pregnancy r a t e .  I n  o rde r  
t o  assess t h e  e f f e c t  o f  b i a s  b2, i t  was assumed t h a t  t h i s  b i a s  on l y  a p p l i e d  t o  
n u r s i n g  calves.  The number o f  nu rs ing  ca lves when b2 i s  c o r r e c t e d  f o r  should 
equal t he  number o f  l a c t a t i n g  females. Therefore, t he  number o f  nu rs ing  
ca l ves  a c t u a l l y  o c c u r r i n g  i n  t h e  sample should equal: 

It was f u r t h e r  assumed, as i t  i s  i n  Method 2, t h a t  t he  f i r s t  No i n d i v i d u a l s  i n  
t h e  observed cummul a t i v e  length-frequency d i s t r i b u t i o n  represent  nu rs ing  
calves.  I n  o rde r  t o  assess t h e  e f f e c t  o f  b ias,  ( b 2 / l  + b2) x No i n d i v i d u a l s  
were randomly removed from the  l e n g t h  d i s t r i b u t i o n  o f  nu rs ing  ca lves and the 
Method 2 pregnancy est imate was reca lcu la ted .  Since t h i s  method o f  assessing 
t h e  e f f e c t  o f  b2 i s  a s t o c h a s t i c  procedure, f o r  each va lue b2 examined the  
procedure was repeated 10 times. The mean and standard d e v i a t i o n s  o f  these 
rep1 i c a t i o n s  ca l cu la ted .  The standard d e v i a t i o n s  o f  these c a l c u l a t i o n s  were 
on t h e  order  o f  1O1O o r  l e s s  and t h e r e f o r e  on ly  the means are r e p o r t e d  below. 

RESULTS AND DISCUSSION 

The est imated 1 i fe h i  s t o r y  parameters us ing  the  co r rec ted  sample values 
f o r  t h e  number o f  males and f o r  t he  numbers o f  females l a c t a t i n g ,  
u n c l a s s i f i e d ,  and immature and male from equat ions 3 t o  7 a re  given i n  
Appendix Tables 1 t o  5 f o r  f i v e  populat ions o f  dolphin.  New est imates a re  
g iven based on a range o f  values f o r  the p r o p o r t i o n a l  b iases b l ,  and b2. For 
the no r the rn  and southern o f f s h o r e  spo t ted  do lph in  populat ions and t h e  
no r the rn  and southern w h i t e b e l l y  sp inner  do lph in  populat ions,  values a re  g iven 
i n  Tables 1, 2, 4 and 5, respec t i ve l y ,  f o r  t he  p r o p o r t i o n  o f  females t h a t  are 
mature, t h e  p r o p o r t i o n  o f  ca l ves  which are nursing, the p r o p o r t i o n  o f  t he  
popu la t i on  which i s  female, t he  pregnancy r a t e  est imated by Method 1, and the  
est imated gross annual rep roduc t i on  r a t e  us ing  t h i s  pregnancy r a t e .  For  the  
eastern sp inner  porpoise populat ion,  t he  above c a l c u l a t i o n s  a re  given i n  Table 
3, a long w i t h  est imates o f  pregnancy r a t e s  and gross annual rep roduc t i on  r a t e s  
us ing  Method 2. These l a t t e r  were computed us ing  t h e  s i m u l a t i o n  technique 
descr ibed above. Due t o  l i m i t a t i o n s  on computer t ime these s imu la t i ons  were 
n o t  completed f o r  t he  o the r  populat ions.  
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I n  F igu res  1 t o  7, t h e  r e s u l t s  f o r  t he  eastern sp inner  popu la t i on  
(Stenel  1 a 1 o n g i r o s t r i  s )  have been p l o t t e d  f o r  each o f  t he  rep roduc t i ve  
est imators ,  i l l u s t r a t i n g  the general behavior o f  each o f  t h e  es t ima to rs  t o  
b i a s  b i  and b2. Method 1 pregnancy r a t e s  and t h e  p r o p o r t i o n  o f  immature 
ca l ves  nu rs ing  a re  the  most s e n s i t i v e  es t ima to rs  t o  b i a s  b l .  Method 2 
pregnancy ra tes ,  t h e  p r o p o r t i o n  o f  mature females and p r o p o r t i o n  o f  immature 
ca lves nu rs ing  a re  t h e  es t ima to rs  most s e n s i t i v e  t o  b2. Method 2 pregnancy 
r a t e s  tend t o  be more s e n s i t i v e  t o  b i a s  b2 than Method 1 pregnancy r a t e s  a re  
t o  b i a s  b l  o f  an equal magnitude. Somewhat s u r p r i s i n g  i s  t h e  i n s e n s i t i v i t y  t o  
b i a s  o f  t he  G.A.R. f o r  both Methods 1 and 2 pregnancy rates.  A b i a s  o f  100% 
i n  sampling n u r s i n g  p a i r s  r e s u l t s  i n  a change o f  about 1% i n  the  est imated 
G.A.R. f o r  t h e  eastern spinner stock f o r  both methods, w h i l e  a b i a s  o f  a 
s i m i l a r  magnitude i n  sampling immature females r e s u l t s  i n  a change o f  a t  most 
3%. The reason f o r  t h i s  i n s e n s i t i v i t y  i s  t h a t  t he  G.A.R. i s  a product  o f  t he  
pe rcen t  female, the percent  mature and the  pregnancy r a t e .  For  both methods, 
t h e  e f f e c t s  o f  b i  and b2 on these parameters e i t h e r  tend t o  be small and/or 
opposi te  i n  magnitude. 

The r e s u l t s  o f  t h i s  s e n s i t i v i t y  a n a l y s i s  can be used t o  suggest where 
l i k e l y  b iases may e x i s t  i n  the  rep roduc t i ve  samples when incons is tenc ies  i n  
these est imates a re  i d e n t i f i e d .  This  w i l l  be i l l u s t r a t e d  us ing  t h e  r e s u l t s  
f o r  t he  eastern s p i  nner dol  p h i  n popul a t i o n  , where the  f o l  1 owi ng th ree  
i n c o n s i s t e n c i e s  have been i d e n t i f i e d  i n  the  rep roduc t i ve  es t ima to rs :  

1. 

2. 

3.  

The pregnancy r a t e  as est imated by Method 1 should be g rea te r  . than 
o r  equal t o  t h e  r a t e  est imated by Method 2 (Goodman, unpubl ished 
manuscript;  Polacheck, unpubl ished manuscr ipt) .  

The observed p r o p o r t i o n  o f  females t h a t  are mature, g iven c u r r e n t  
est imates o f  t he  age o f  m a t u r i t y  and e i t h e r  Method 1 o r  2 est imates 
o f  pregnancy ra tes ,  i s  l i k e l y  on l y  t o  be observed i n  a r a p i d l y  
d e c l i n i n g  populat ion.  I n  a v i a b l e  populat ion,  g iven the  present  
est imates o f  age o f  m a t u r i t y  and pregnancy rates,  t h i s  p r o p o r t i o n  
would be s i g n i f i c a n t l y  g rea te r  (Polacheck, i n  prep a3) .  

For a nondecl in ing populat ion,  g iven the  c u r r e n t  range o f  est imates 
f o r  t he  age o f  weaning based on Method 1 and the  age o f  maturat ion,  
t h e  observed p r o p o r t i o n  o f  immatures t h a t  a re  nu rs ing  i s  a l s o  too  
low (Polacheck, i n  prep b3 ) .  

Inconsis tency 1 can be r e c o n c i l e d  by e i t h e r  b l  o r  b2 a l though t h e  
necessary magnitude o f  b l  i s  over a t h i r d  g rea te r  than f o r  b2 ( i .e .  .95 
compared t o  .60). A b i a s  o f  b2 s u f f i c i e n t  t o  r e c o n c i l e  t h e  two pregnancy 
r a t e  est imates would be s u f f i c i e n t  t o  r e c o n c i l e  i ncons is tenc ies  2 and 3. I n  
a t tempt ing t o  evaluate whether biases b l  o r  b2 can r e c o n c i l e  i ncons is tenc ies  2 
and 3 ,  i t  i s  n o t  s u f f i c i e n t  t o  l ook  on ly  a t  t h e i r  e f f e c t s  on the  est imated 
p r o p o r t i o n  mature o r  est imated p r o p o r t i o n  nu rs ing  s ince these incons is tenc ies  
are a l s o  s e n s i t i v e  t o  o the r  est imated parameters which cou ld  be a f f e c t e d  by 
these biases. Thus, both an increase i n  the est imated p r o p o r t i o n  mature o r  i n  
the  pregnancy r a t e  would tend t o  r e c o n c i l e  inconsis tency 2 (Polacheck, i n  prep 
a 3 ) .  However, account ing f o r  a b i a s  b l  would increase t h e  pregnancy r a t e  
(Method 1) and decrease the  p r o p o r t i o n  mature w h i l e  b i a s  b2 would have j u s t  
t h e  opposi te  e f f e c t .  It appears t h a t  f o r  t he  values o f  t he  observed est imates 
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and t h e i r  s e n s i t i v i t y  t o  bias,  i nc reas ing  the p r o p o r t i o n  mature would be t h e  
dominant f a c t o r .  Therefore on ly  b i a s  b2 i s  l i k e l y  t o  account f o r  t h i s  
i nconsi stency . S i m i l  a r l y  , i nconsi stency 3 can be reconci  1 ed by a decrease i n  
t Q e  age o f  weaning o r  an increase i n  the p r o p o r t i o n  mature (Polacheck, i n  prep 
b 1. While n o t  considered i n  t h i s  paper, b iases b l  and b2 cou ld  both a f f e c t  
t h e  est imated age o f  weaning. The age o f  weaning o r  t he  l e n g t h  o f  l a c t a t i o n  
have been est imated i n  two ways. Accounting f o r  b i a s  o f  type b2 would 
increase t h e  est imate o f  t he  p r o p o r t i o n  nu rs ing  and e i t h e r  n o t  a f f e c t  o r  
decrease the  age o f  weaning (Polacheck, i n  prep b3). Therefore, b i a s  b2 cou ld  
e x p l a i n  inconsis tency 2. Accounting f o r  b i a s  b l  c o u l d  a l s o  r e s u l t  i n  a 
decrease i n  the  age o f  weaning. However, account ing f o r  b i a s  b l  would a l s o  
r e s u l t  i n  a decrease i n  the  p r o p o r t i o n  nursing. The p o t e n t i a l  f o r  a decrease 
i n  the  age o f  weaning due t o  b l  i s  probably i n s u f f i c i e n t  t o  counterbalance the  
decrease i n  the  p r o p o r t i o n  nursing. Thus, b i a s  b l  i s  u n l i k e l y  t o  be able t o  
account f o r  t h i  s i ncons is tency  . The resu l  t s  o f  t h i  s s e n s i t i v i t y  a n a l y s i  s 
combined w i t h  t h e  th ree  i ncons is tenc ies  i d e n t i f i e d  above would suggest t h a t  
t he  observed samples f o r  t he  eastern spinner s tock a re  l i k e l y  t o  be biased i n  
the  ove r rep resen ta t i on  o f  immature animals. Given the  l a r g e  magnitude o f  b2 
necessary t o  r e c o n c i l e  t h e  two pregnancy r a t e  est imates,  i f  t h i s  i s  t he  on ly  
f a c t o r  c o n t r i b u t i n g  t o  the  inconsis tency,  i t  i s  p o s s i b l e  t h a t  a combination o f  
b o t h  b l  and b2 may be o c c u r r i n g  i n  the  sample, a l though i n  o rde r  t o  r e c o n c i l e  
the  o the r  two biases, b2 must be the  dominant bias.  

It i s  p o s s i b l e  t h a t  o t h e r  biases than those considered here c o u l d  be 
operat ing.  For  instance, i t  i s  p o s s i b l e  t h a t  pregnant females are under- 
represented i n  t h e  observed samples. A1 t e r n a t i v e l y ,  t he  seasonal na tu re  o f  
t h e  samples combined w i t h  the  known marked seasona l i t y  i n  breeding (Barlow, 
197g4) may be i n t r o d u c i n g  b ias.  Barlow (19794) explored the poss ib le  e f f e c t  
t h a t  t h i s  f a c t o r  m igh t  have on Method 1 pregnancy r a t e  est imates and concluded 
t h a t  i t  would be small g iven the  l o n g  l e n g t h  o f  ges ta t i on .  The e f f e c t  o f  t h i s  
f a c t o r  on Method 2 pregnancy r a t e  est imates i s  n o t  obvious, b u t  i t  cou ld  be 
t h a t  l i t t l e  sampling occurs when a h i g h  p r o p o r t i o n  o f  t h e  ca lves are 
approaching t h e  age o f  weaning. 

The above apparent i ncons is tenc ies  i n  the data f o r  t h e  eastern sp inner  
porpoise popul a t i o n  a r e  e i t h e r  non-exi s t e n t  o r  n o t  as s t rong  f o r  t he  o the r  
porpoise popu la t i ons  i n  t h e  eastern t r o p i c a l  P a c i f i c  f o r  which rep roduc t i ve  
data a re  ava i l ab le .  Th is  f a c t ,  combined w i t h  the  r e s u l t s  o f  Powers and Barlow 
(1979l )  on p o s s i b l e  b i a s  i n  these samples, suggests t h a t  t he  sampling process 
i s  nonuniform across stocks. I n  p a r t i c u l a r ,  t he  quest ion o f  what f a c t o r s  
c o u l d  e x p l a i n  t h e  l a r g e  b i a s  suggested by t h i s  paper t h a t  a re  unique i n  the  

4Barl  ow , 3. 
eastern t r o p i c a l  P a c i f i c ,  SOPS/79/26. Working paper, SOPS/79/26 Status o f  
Porpoise Stocks Workshop, Southwest F i s h e r i e s  Center, La J o l l a ,  C a l i f o r n i a .  

1979. Reproductive seasonal j ty i n pel  ag i  c dol  p h i  ns o f  t he  
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capture and sampling o f  eastern sp inner  needs t o  be explored. S tun tz  (19805) 
suggested t h a t  a poss ib le  f a c t o r  cou ld  be t h a t  most eastern sp inners a re  
captured i n  mixed aggregat ions w i t h  spot ted  do lph in  and apparent ly  occupy a 
subord inate p o s i t i o n  w i t h i n  the  purse seine. However, t he re  i s  no d i r e c t  
evidence t h a t  t h i s  r e s u l t s  i n  b iased samples. Quest ions such as t h i s  need t o  
be considered be fo re  t h e  representat iveness o f  t he  k i l l  samples can be f u l l y  
assessed. 

5Stuntz, W. E. 1980. V a r i a t i o n  i n  age s t r u c t u r e  o f  t h e  i n c i d e n t a l  k i l l  o f  
spo t ted  dolph ins,  S tene l l a  a t tenuata,  i n  the  U.S. t r o p i c a l  purse-seine 
f i s h e r y .  Southwest t - i she r ies  Center Admin. Report  No. LJ-80-06. 
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APPEND I X 

Tables o f  the s e n s i t i v i t y  o f  the various reproduct ive estimates t o  biases 
b l  and b2 f o r  f i v e  stocks of porpoises i n  the eastern t r o p i c a l  P a c i f i c .  The 
observed estimates f o r  each stock a r e  based on the pooled data s e t  from 1973- 
1978 (Henderson, e t  a1 , 1979).  
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Table 1. Effects  of bias  b l  and b2 on the  various reproductive 
est imators  f o r  the  northern offshore spotted d o l p h i n  
population (S. - a t tenuata) .  

l a .  Proportion of mature females 

Value of B2 
B i  0.00 0.20 0.40 0.60 0.80 1.00 

0.000 0.565 0.609 0.645 0.675 0.700 0.722 
0.200 0.556 0.601 0.637 0.667 0.693 0.715 
0.400 0.550 0.594 0.631 0.662 0.687 0.710 
0.600 0.544 0.589 0.626 0.657 0.683 0.705 
0.800 0.540 0.585 0.621 0.652 0.679 0.701 
1.000 0.536 0.581 0.618 0.649 0.675 0.698 

l b .  Proportion of n u r s i n g  calves. 

Value of 82 
81 0.00 0.20 0.40 0.60 0.80 1.00 

0.000 0.337 0.405 0.472 0.539 0.607 0.674 
0.200 0.298 0.357 0.417 0.476 0.536 0.595 
0.400 0.266 0.320 0.373 0.426 0.480 0.533 
0.600 0.241 0.289 0.338 0.386 0.434 0.482 
0.800 0.220 0.264 0.308 0.352 0.397 0.441 
1.000 0.203 0.243 0.284 0.324 0.365 0.405 

IC. Proportion female. 

Value of 82 
81 0.00 0.20 

0.000 0.556 0.561 
0.200 0.545 0.548 
0.400 0.536 0.539 
0.600 0.529 0.531 
0.800 0.523 0.525 
1.000 0.518 0.519 

Id. Method 1 pregnancy r a t e .  

Value of 81 

0.40 0.60 0.80 1.00 

0.565 0.568 0.571 0.573 
0.552 0.554 0.557 0.559 
0.541 0.544 0.545 0.547 
0.533 0.535 0.536 0.538 
0.526 0.528 0.529 0.530 
0.521 0.522 0.523 0.523 

0.000 0.375 
0.200 0.403 
0.400 0.426 
0.600 0.446 
0.800 0.462 
1.000 0.477 

le. G.A.R. using Method 1 pregnancy ra tes .  

Value of BZ 
81 0.00 0.20 0.40 0.60 0.80 1.00 

0.000 0.118 0.128 0.137 0.144 0.150 0.155 
0.200 0.122 0.133 0.142 0.149 0.155 0.161 
0.400 0.125 0.136 0.145 0.153 0.160 0.165 
0.600 0.128 0.139 0.149 0.156 0.163 0.169 
0.800 0.130 0.142 0.151 0.159 0.166 0.172 
1.000 0.132 0.144 0.153 0.162 0.168 0.174 
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Table 2. Effects of bias  b l  and bz on the various reproductive 
spotted dolphin estimators for  the southern offshore 

population ( S .  - a t tenuata) .  

2a. Proportion of mature females. 

Value o f  B2 
Bi 0.00 0.20 0.40 0.60 0.80 1.00 

0.000 0.673 0.711 0.742 0.767 0.787 0.804 
0.200 0.673 0.712 0.742 0.767 0.788 0.805 
0.400 0.674 0.712 0.743 0.767 0.788 0.805 
0.600 0.674 0.713 0.743 0.768 0.788 0.805 
0.800 0.674 0.713 0.743 0.768 0.788 0.805 
1.000 0.674 0.713 0.744 0.768 0.788 0.806 

2b. Proportion of nursing calves. 

Value of B2 
B1 0.00 0.20 0.40 0.60 0.80 1.00 

0.000 0.464 0.557 0.650 0.743 0.836 0.928 
0.200 0.419 0.503 0.587 0.671 0.755 0.839 
0.400 0.382 0.459 0.535 0.612 0.688 0.765 
0.600 0.351 0.422 0.492 0.562 0.632 0.703 
0.800 0.325 0.390 0.455 0.520 0.585 0.650 
1.000 0.302 0.363 0.423 0.484 0.544 0.605 

2c. Proportion female. 

Value of B2 
B i  0.00 0.20 0.40 0.60 0.80 1.00 

0.000 0.594 0.600 0.605 0.610 0.613 0.616 
0.200 0.584 0.589 0.594 0.598 0.601 0.603 
0.400 0.576 0.581 0.585 0.588 0.591 0.593 
0.600 0.569 0.574 0.577 0.580 0.583 0.585 
0.800 0.564 0.568 0.571 0.574 0.576 0.578 
1.000 0.559 0.563 0.566 0.569 0.571 0.572 

2d. Method 1 :pregnancy r a t e .  

Value of B1 

0.000 0.572 
0.200 0.597 
0.400 0.617 
0.600 0.634 
0.800 0.649 
1.000 0.661 

2e. G.A.R. using Method 1 pregnancy ra tes .  

Value o f  B2 
B i  0.00 0.20 0.40 0.60 0.80 1.00 

0.000 0.228 0.244 0.257 0.267 0.276 0.283 
0.200 0.234 0.250 0.263 0.274 0.282 0.290 
0.400 0.239 0.255 0.268 0.279 0.287 0.295 
0.600 0.243 0.259 0.272 0.283 0.291 0.299 
0.800 0.247 0.263 0.275 0.286 0.295 0.302 
1.000 0.249 0.265 0.278 0.289 0.297 0.305 
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Table 3. Effects of bias  b i  and b2 on various reproductive 
est imators  for  the eastern spinner dolphin population (s. l o n g i r o s t r i s ) .  

3a. Proportion of mature females. 

Value of BZ 
B l  0.00 0.20 0.40 0.60 0.80 1.00 

0.000 0.437 0.482 0.521 0.554 0.583 0.608 
0.200 0.422 0.467 0.506 0.539 0.568 0.594 
0.400 0.411 0.456 0.494 0.527 0.557 0.582 
0.600 0.402 0.446 0.484 0.518 0.547 0.573 
0.800 0.394 0.438 0.476 0.510 0.539 0.565 
1.000 0.387 0.431 0.470 0.503 0.532 0.558 

3b. Proportion o f  nursing calves .  

Value of B2 
B 1  0.00 0.20 0.40 0.60 0.80 1.00 

0.000 0.210 0.252 0.294 0.336 0.378 0.420 
0.200 0.181 0.217 0.254 0.290 0.326 0.362 
0.400 0.159 0.191 0.223 0.255 0.287 0.319 
0.600 0.142 0.171 0.199 0.228 0.256 0.285 
0.800 0.129 0.154 0.180 0.206 0.231 0.257 
1.000 0.117 0.141 0.164 0.188 0.211 0.234 

3c. Proportion female. 

Value of B2 
B i  0.00 0.20 0.40 0.60 0.80 1.00 

0.000 0.506 0.507 0.508 0.508 0.509 0.509 
0.200 0.496 0.496 0.496 0.495 0.495 0.495 
0.400 0.489 0.487 0.486 0.485 0.485 0.484 
0.600 0.482 0.481 0.479 0.478 0.476 0.475 

1.000 0.473 0.471 0.468 0.466 0.464 0.462 
0.800 0-477 0.475 0.473 0.471 0.470 0.468 

3d. Method 1 pregnancy ra te .  

Value of B1 

3e. G.A.R 

B i  

0.000 0.336 
0.200 0.367 
0.400 0.393 
0.600 0.415 
0.800 0.434 
1.000 0.451 

using Method 1 pregnancy r a t e s  

Value o f  82 
0.00 0.20 0.40 0.60 0.80 1.00 

0.000 0.074 0.082 0.089 0.095 0.100 0.104 
0.200 0.077 0.085 0.092 0.098 0.103 0.108 
0.400 0.079 0.087 0.094 0.101 0.106 0.111 
0.600 0.080 0.089 0.096 0.103 0.108 0.113 
0.800 0.082 0.090 0.098 0.104 0.110 0.115 
1.000 0.083 0.091 0.099 0.106 0.111 0.116 



Table 3. (cont inued)  

3 f .  Method 2 pregnancy ra te .  

Value o f  B2 
B I  0.00 0.20 0.40 0.60 0.80 1.00 

0.000 0.447 0.420 0.381 0.342 0.318 0.301 

39. G.A.R.  using Method 2 pregnancy rates.  

Value o f  B2 
Bl 0.00 0.20 0.40 0.60 0.80 1.00 

0.000 0.099 0.103 0.101 0.096 0.094 0.093 
0.200 0.094 0.097 0.096 0.091 0.089 0.089 
0.400 0.090 0.093 0.091 0.087 0.086 0.085 
0.600 0.087 0.090 0.088 0.085 0.083 0.082 
0.800 0.084 0.087 0.086 0.082 0.081 0.080 
1.000 0.082 0.085 0.084 0.080 0.078 0.078 



13 

Table 4. Effects  of bias  b l  and b2 on various reproductive 
est imators  for  the northern whi tebel l y  spi nner dolphin 
population ( S .  l o n g i r o s t r i s ) .  - 

4a. Proportion of mature females. 

Value of 82 
B i  0.00 0.20 0.40 0.60 0.80 1.00 

0.000 0.527 0.572 0.609 0.641 0.667 0.690 
0.200 0.518 0.563 0.601 0.632 0.659 0.682 
0.400 0.511 0.556 0.594 0.625 0.652 0.676 
0.600 0.505 0.550 0.588 0.620 0.647 0.671 
0.800 0.500 0.545 0.583 0.615 0.642 0.666 
1.000 0.495 0.541 0.579 0.611 0.639 0.662 

4b. Proportion of nursing calves. 

Value of 82 
B i  0.00 0.20 0.40 0.60 0.80 1.00 

0.000 0.261 0.314 0.366 0.418 0.470 0.523 
0.200 0.228 0.273 0.319 0.364 0.410 0.455 
0.400 0.202 0.242 0.282 0.323 0.363 0.403 
0.600 0.181 0.217 0.253 0.290 0.326 0.362 
0.800 0.164 0.197 0.230 0.263 0.296 0.328 
1.000 0.150 0.180 0.210 0.240 0.270 0.301 

4c. Proportion female. 

Value of B2 
B i  0.00 0.20 0.40 0.60 0.80 1.00 

0.000 0.509 0.510 0.510 0.511 0.511 0.512 
0.200 0.498 0.498 0.498 0.498 0.498 0.498 
0.400 0.490 0.489 0.489 0.488 0.488 0.487 
0.600 0.484 0.482 0.481 0.480 0.480 0.479 
0.800 0.479 0.477 0.475 0.474 0.473 0.472 
1.000 0.474 0.472 0.470 0.469 0.467 0.466 

4d. Method 1 pregnancy ra te .  

Value of 81 

4e. G.A.R. 

B1  

0.000 0.353 
0.200 0.378 
0.400 0.398 
0.600 0.416 
0.800 0.430 
1.000 0.443 

using Method 1 pregnancy ra tes .  

Value of 82 
0.00 0.20 0.40 0.60 0.80 1.00 

0.000 0.095 0.103 0.110 0.116 0.120 0.125 
0.200 0.098 0.106 0.113 0.119 0.124 0.128 
0.400 0.100 0.108 0.116 0.122 0.127 0.131 
0.600 0.101 0.110 0.118 0.124 0.129 0.133 
0.800 0.103 0.112 0.119 0.125 0.131 0.135 
1.000 0.104 0.113 0.121 0.127 0.132 0.137 
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Table 5. Effects  of bias  b l  and b2 on various reproductive 
est imators  for  the southern whitebel ly  spinner dolphin 
population (2. longi ros t r i  s ) .  

5a. Proportion of mature females. 

Value of 52 
B i  0.00 0.20 0.40 0.60 0.80 1.00 

0.000 0.639 0.680 0.712 0.739 0.761 0.780 
0.200 0.637 0.678 0.711 0.737 0.760 0.778 
0.400 0.636 0.677 0.710 0.736 0.759 0.777 
0.600 0.635 0.676 0.709 0.735 0.758 0.776 
0.800 0.634 0.675 0.708 0.735 0.757 0.776 
1.000 0.633 0.674 0.707 0.734 0.756 0.775 

5b. Proportion of n u r s i n g  calves .  

Value of 82 
B i  0.00 0.20 0.40 0.60 0.80 1.00 

-0.000 0.316 0.380 0.443 0.506 0.569 0.633 
0.200 0.278 0.334 0.390 0.445 0.501 0.556 
0.400 0.248 0.298 0.348 0.397 0.447 0.497 
0.600 0.224 0.269 0.314 0.359 0.404 0.449 
0.800 0.204 0.245 0.286 0.327 0.368 0.409 
1.000 0.188 0.225 0.263 0.301 0.338 0.376 

5c. Proportion female. 

Value of BZ 
81 0.00 0.20 0.40 0.60 0.80 1.00 

0.000 0.522 0.523 0.524 0.525 0.526 0.527 
0.200 0.512 0.513 0.514 0.514 0.515 0.515 
0.400 0.505 0.505 0.506 0.506 0.506 0.506 
0.600 0.499 0.499 0.499 0.499 0.499 0.499 
0.800 0.495 0.494 0.494 0.494 0.494 0.494 
1.000 0.491 0.490 0.490 0.490 0.489 0.489 

5d. Method 1 pregnancy ra te .  

Value of 81 

5e. G.A.R.  

Bi 

0.000 0.295 
0.200 0.310 
0.400 0.322 
0.600 0.332 
0.800 0.340 
1.000 0.347 

using Method 1 pregnancy ra tes .  

Value of 82 
0.00 0.20 0.40 0.60 0.80 1.00 

0.000 0.098 0.105 0.110 0.114 0.118 0.121 
0.200 0.101 0.108 0.113 0.118 0.121 0.124 
0.400 0.103 0.110 0.116 0.120 0.124 0.127 
0.600 0.105 0.112 0.118 0.122 0.126 0.129 
0.800 0.107 0.114 0.119 0.124 0.127 0.130 
1.000 0.108 0.115 0.120 0.125 0.129 0.132 
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F igu re  1. The s e n s i t i v i t y  o f  t he  pregnancy r a t e  as est imated by Method 1 t o  
b i a s  i n  the  sampling o f  nurs ing  p a i r s  ( b l )  f o r  t h e  pooled data 
s e t  (1973-1978) f o r  t h e  eastern sp inner  stock. 



16  

3 
I- 

r 
u) 
W 

a 

a r 
W 
L 
L 
0 
z 
0 
I- 
U 
0 n 
0 a n 

I 

0.65 

0.60 

0.55  

0.50 

0.45 

0.40 F' 

b 2 =  1.0 

b2  = 0.8 

b 2  = 0.6 

b2  = 0.4 

b2 = 0.2 

b2 = 0.0 

n Q C  I I I I I ~~ 

V . V U  

0.00 0.20 0.40 0.60 0.80 1 .oo 
PROPORTIONAL BIAS OR INCREASED 

VULNERABILITY OF NURSING PAIRS ( b l )  
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Figure 3. The sensi t ivi ty  of the estimated proportion of immature nursing 
female calves t o  biases b l  and b 2  for the pooled data se t  (1973- 
1978) for  the eastern spinner stock. 
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F igu re  4 .  The s e n s i t i v i t y  o f  t he  est imated p r o p o r t i o n  o f  females t o  b iases 
b l  and b2 f o r  t he  pooled data s e t  (1973-1978) s e t  (1973-1978) f o r  
t h e  eastern sp inner  stock. 
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Figure 5.  The sensitivity of the estimated gross annual reproductive rate 
( G . A . R . )  using Method 1 pregnancy rates to biases b l  and b 2  for 
the pooled data se t  (1973-1978) for the eastern spinner stock. 
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Figure 6. The sensi t ivi ty  o f  Method 2 pregnancy rate  estimates t o  bias b 2  
for the pooled data s e t  (1973-1978) for the eastern spinner 
stock. 
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( G . A . R . )  using Method 2 pregnancy rates t o  biases b l  and b 2  for 
the pooled data  set  (1973-1978) for the eastern spinner stock. 
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