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PREFACE 

T h i s  r e p o r t  was prepared under Cont rac t  No. 80-ABC-00124 t o  t h e  
Nat iona l  Marine F i s h e r i e s  Se rv ice  by Brian W. Johnson and P a t r i c i a  A. 
Johnson. The primary purpose of t h e  c o n t r a c t  was t o  summarize Hawaiian 
monk s e a l  o b s e r v a t i o n a l  d a t a  c o l l e c t e d  on Laysan I s l a n d  by  t h e  c o n t r a c t o r s  
from 1977 through 1980. The s t a t emen t s  and f i n d i n g s  i n  t h i s  r e p o r t  a r e  
those  of the c o n t r a c t o r s  and do not  n e c e s s a r i l y  r e f l e c t  t h e  view of t h e  
Nat iona l  Marine F i s h e r i e s  Service.  



ABSTRACT 

Behavioral  obse rva t ions  of t h e  Hawaiian monk s e a l  on Laysan I s l a n d  
were made between 1977 and 1980. Primary o b j e c t i v e s  included de termina t ion  
of popu la t ion  s i z e ,  r ep roduc t ive  p a t t e r n s  and s u r v i v a l  r a t e s .  Ind iv idua l  
s e a l s  were recognized by photographs of n a t u r a l  markings ( p a r t i c u l a r l y  s c a r  
p a t t e r n s )  o r  by temporary b l each  marks. 

. 

The 1977 mean count,  179 s e a l s ,  was r e p r e s e n t a t i v e  of t h e  average  
During 1978 an unusual "die-off" of count from t h e  previous  10 yea r s .  

seals occurred ,  r e s u l t i n g  i n  a 35X r educ t ion  i n  t h e  mean count ,  t o  112 by 
1980. Using nondis turbance popula t ion  e s t i m a t i o n  techniques  developed i n  
1979, t h e  mean count of 100 nonpups ashore  i n  1980 was shown t o  be w e l l  
below t h e  es t imated  popu la t ion  s i z e  of 269 s e a l s .  

From t h e  Laysan d a t a  i t  appears  sexual  ma tu r i ty  ( a s  measured by f i r s t  
Known-age 

b r i n g  t h e  4 
b i r t h )  may n o t  occur  u n t i l  a f t e r  f i v e  y e a r s  of age f o r  females.  
males d i d  n o t  show c o u r t s h i p  behavior  u n t i l  8 o r  9 y e a r s  old.  
y e a r s  of t h e  s tudy an  es t imated  64% of t h e  a d u l t  females  produced pups. 
The mean weaning age f o r  pups was 36.2 days. Females outnumbered males  a t  
b i r t h  b u t  f i r s t  year s u r v i v a l  w a s - s i g n i f i c a n t l y  g r e a t e r  f o r  males. 
males outnumbered a d u l t  females  by 3 t o  1. Yearly s u r v i v a l  rates of s e a l s  
from b i r t h  t o  about  age 4 was es t imated  a t  75%, inc reas ing  t o  85% f o r  
subadu l t s  and a d u l t s .  

Adult 
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INTRODUCTION 

c 

The Hawaiian monk s e a l ,  Monachus s c h a u i n s l a n d i ,  was des igna ted  as  a 
dep le t ed  s p e c i e s  under t h e  Marine Mammal P r o t e c t i o n  Act of 1972 and l i s t e d  
as endangered under t h e  Endangered Species  Act i n  1976. A s  t h e  b a s i c  b i o l -  
ogy and l i f e  h i s t o r y  of t h e  monk seal were incomple t e ly  known, t h e  a u t h o r s ,  
a ided  by personnel  from t h e  Na t iona l  Marine F i s h e r i e s  Se rv ice  (NMFS) and 
U.S. F i s h  and W i l d l i f e  Se rv ice  (FWS), designed a s tudy  t o  l e a r n  about  popu- 
l a t i o n  parameters  and t h r e a t s  t o  s u r v i v a l  of t h e  Hawaiian monk seal .  This  
r e p o r t  summarizes t h e  r e s u l t s  of 4 yea r s  i n v e s t i g a t i o n  on  Laysan I s l a n d .  
Information ga the red  on t h e  French F r i g a t e  Shoals  p o p u l a t i o n  of monk seals  
i s  included i n  a s e p a r a t e  r e p o r t  (Johnson and Johnson 1984).  

Funding f o r  t h e  p r o j e c t  was provided p r i m a r i l y  by t h e  Marine Mammal 
Commission, w i th  a d d i t i o n a l  suppor t  and equipment provided by Na t iona l  
Marine F i s h e r i e s  Se rv ice ,  U.S. F i s h  and W i l d l i f e  S e r v i c e ,  t h e  U.S. Coast 
Guard, t h e  Easy Rider  Corporat ion,  and t h e  S t a t e  of H a w a i i .  

Laysan I s l a n d  was s e l e c t e d  as t h e  s tudy  s i t e ,  w i t h  f i e l d  r e s e a r c h  
beginning i n  1977. Laysan i s  a c o r a l  sand i s l a n d  l o c a t e d  approximately 
1350 km from Oahu (Fig.  1). 
pelago, i t  i s  included i n  t h e  Hawaiian I s l a n d s  N a t i o n a l  W i l d l i f e  Refuge. 
Access t o  Laysan i s  s t r i c t l y  l i m i t e d .  The i s l a n d  i s  home t o  two endemic 
b i r d  s p e c i e s  l i s t e d  as endangered as w e l l  as t h e  monk s e a l ,  and t o  t h e  
th rea t ened  Hawaiian g reen  sea t u r t l e ,  Chelonia mvdas. Laysan i s  1.7 by 2.8 
km, wi th  a circumference of about 1 2  km. Low v e g e t a t i o n  and a h i g h  s a l i n e  
lagoon cove r  much of t h e  i n t e r i o r .  (For  a more complete d e s c r i p t i o n  of t h e  
i s l a n d  and i t s  h i s t o r y  see Ely and Clapp 1973.) 

A s  p a r t  of t h e  Northwest Hawaiian I s l a n d  Archi- 

The h i s t o r i c a l  u se  of Laysan by t h e  monk seal i s  incompletely known. 
No in fo rma t ion  i s  a v a i l a b l e  on t h e  s i z e  of t h e  seal  p o p u l a t i o n  p r i o r  t o  n e a r  
decimation by sealers and o t h e r  v i s i t o r s  u s i n g  t h e  i s l a n d  i n  t h e  1800's .  By 
t h e  e a r l y  1900 ' s  s e a l s  were r a r e l y  seen  on Laysan. A s  summarized i n  F i s c u s  
e t  a l .  (19781, t h e  popu la t ion  g r a d u a l l y  r ecove red ,  w i t h  coun t s  o c c a s i o n a l l y  
exceeding 300 animals  i n  t h e  l a t e  1950's  and e a r l y  1960's .  
seals counted d e c l i n e d  du r ing  t h e  mid-l960's,  b u t  remained r e l a t i v e l y  s t a b l e  
during t h e  1 0  y e a r s  p r i o r  t o  t h e  s t a r t  of t h i s  s t u d y ,  averaging j u s t  under 
200 seals. 

The number of 

P a s t  s t u d i e s  have shown t h e  Hawaiian monk seal  t o  be a d v e r s e l y  a f f e c t e d  
by human d i s t u r b a n c e  (Kenyon 1972).  
was c a r e f u l l y  designed t o  r e c o r d  t h e  behavior  of a colony of monk seals rela- 
t i v e l y  und i s tu rbed  by man. 
s p e c i e s  n o t  be a l t e r e d  by t h e  presence of seal  o r  b i r d  b i o l o g i s t s  l i v i n g  on 
Laysan, o r  by v i s i t o r s  t o  t h e  i s l a n d .  

With t h i s  i n  mind, t h e  p r e s e n t  s tudy  

Care w a s  t aken  t h a t  t h e  n a t u r a l  behav io r s  of t h e  

During each y e a r  from 1977 t o  1980 5 t o  7 months were s p e n t  on Laysan. 
Observat ions were l i m i t e d  t o  t h e  months from l a t e  February through September 
except  i n  1978, when b r i e f  v i s i t s  were a l s o  made i n  October and December. 
(Arrival and d e p a r t u r e  d a t e s  f o r  a l l  y e a r s  a r e  l i s t e d  i n  Appendix A.) 
a u t h o r s  were t h e  s o l e  human i n h a b i t a n t s  of Laysan du r ing  1977 and 1978. I n  
1979 and 1980 t h e  s i z e  of t h e  Laysan f i e l d  p a r t y  i n c r e a s e d  t o  f i v e  w i t h  t h e  
a d d i t i o n  of t h r e e  FWS b i o l o g i s t s .  

The 
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Camp was e s t a b l i s h e d  on t h e  nor thwes t  s i d e  of t h e  i s l a n d ,  e a s t  of t h e  
lone  ironwood t r e e  and w e l l  back from t h e  beach. 
beach d i r e c t l y  below camp, a l l  human a c c e s s  t o  beaches w a s  r e s t r i c t e d  and 
c a r e f u l l y  monitored.  No handl ing  of s e a l s  occur red  except  du r ing  a 3-day 
v i s i t  by a team of s c i e n t i s t s  i n  May of 1978, when 11 s e a l s  were r e s t r a i n e d  
f o r  c o l l e c t i o n  of blood samples and p h y s i c a l  examinat ion.  

With t h e  excep t ion  of t h e  

During t h e  1978 f i e l d  season  an unusua l ly  l a r g e  number of seals d i e d  o r  
d i sappeared  on Laysan (Johnson and Johnson 1981b) .  L a t e r  i n v e s t i g a t i o n  
determined t h e  probable  cause  was a f i s h  t o x i n ,  c i g u a t e r a  ( G i l m a r t i n  1983) .  
Dramatic popu la t ion  d e c l i n e s  of unknown e t i o l o g y  had been recorded  f o r  s e a l  
p o p a l a t i o n s  on  o t h e r  a t o l l s  i n  r e c e n t  y e a r s  (Gi lmar t in  1983) .  

e f f e c t s  of a h igh  m o r t s l i t y  on what had appeared t o  be a r e l a t i v e l y  h e a l t h y  
popula t ion .  Observing t h e  a f f e c t e d  an imals ,  t h e  changes i n  p o p u l a t i o n  
s t r u c t u r e ,  and t h e  o v e r a l l  e f f e c t  of t h e  m o r t a l i t y  became a h igh  p r i o r i t y .  

The Laysan 
d ie -of f"  provided t h e  f i r s t  oppor tun i ty  t o  s tudy  t h e  c i rcumstances  and I t  

This  r e p o r t  summarizes 4 y e a r s  of r e s e a r c h ,  bu t  emphasizes d a t a  co l -  
l e c t e d  i n  1980 as funding was a v a i l a b l e  t o  computer ize  d a t a  from t h a t  yea r  
which al lowed more complete a n a l y s i s .  
been r e p o r t e d  e l sewhere  ( Johnson-and  Johnson 1978, 1981a, 1981b).  

R e s u l t s  from t h e  p rev ious  y e a r s  have 

METHODS 

Sea l  I d e n t i f i c a t i o n  

An e x t e n s i v e  p o r t f o l i o  of photographs,  s k e t c h e s ,  and d e s c r i p t i o n s  of 
n a t u r a l  s c a r s  and marks was compiled and c o n s t a n t l y  updated,  a l lowing  r e l i -  
a b l e  i d e n t i f i c a t i o n  of i n d i v i d u a l  s e a l s .  Photographs were t aken  w i t h  both  
Po la ro id  and 35-mm cameras. F i e l d  i d e n t i f i c a t i o n  was g e n e r a l l y  made on  t h e  
b a s i s  of s k e t c h e s ,  d e s c r i p t i o n s ,  o r  d i r e c t  comparison of a photograph and 
t h e  animal .  Most r ecogn izab le  an imals  were photographed r e p e a t e d l y  t o  mon- 
i t o r  changes i n  s c a r  p a t t e r n s  o r  v i s i b i l i t y  and t o  a s s e s s  r a t e  of a c q u i s i -  
t i o n  of new marks. 

Many a d u l t  s e a l s  had conspicuous s c a r s  o r  o t h e r  markings which were 
unique. However, young s e a l s  r a r e l y  had acqu i red  i d e n t i f i a b l e  s c a r s .  To 
f a c i l i t a t e  i n d i v i d u a l  i d e n t i f i c a t i o n  of t h e s e  an ima l s  it w a s  necessa ry  t o  
apply  a r t i f i c i a l  i d e n t i f i c a t i o n  marks t o  t h e  h a i r  of some immature s e a l s  and 
a l l  pups born du r ing  t h e  s tudy ,  u s ing  a commercial h a i r  l i g h t e n e r  prepara-  
t i o n  (Lady C l a i r o l  U l t r a  Blue) .  The marks were a p p l i e d  t o  s l e e p i n g  seals 
and d i d  n o t  r e s u l t  i n  obse rvab le  adve r se  p h y s i c a l  o r  behav io ra l  changes.  
Bleach marks l a s t e d  u n t i l  t h e  next  molt  of t h e  animal .  

Age Determinat ion 

During t h e  f i r s t  y e a r  of t h e  s tudy  it  was d i f f i c u l t  t o  r e l i a b l y  a s s i g n  
s e a l s  t o  any age c l a s s  o t h e r  than  a d u l t ,  immature, and pup. The a d u l t  
female s i z e  c l a s s  was de f ined  by t h e  s i z e  of t h e  smallest animal t o  b e a r  a 
pup. The d e f i n i t i o n  of an  a d u l t  male was based on  t h e  s i z e  of t h e  s m a l l e s t  
animals  showing c o u r t s h i p  behavior .  Nonadult seals were c l a s s i f i e d  as 
subadu l t ,  j u v e n i l e  l a r g e ,  j u v e n i l e  sma l l  (assumed, to  be y e a r l i n g s ) ,  and 
pups. 
t o  s e rve  a s  a r e f e r e n c e ,  and d i s t i n c t i o n s  based on s i z e ,  c o l o r ,  and o t h e r  

I n  subsequent  y e a r s  tagged s e a l s  and known-age an imals  were a v a i l a b l e  



4 

f e a t u r e s  were used t o  age seals. The age c l a s s e s  were de f ined  as  fo l lows  
f o r  a l l  o b s e r v a t i o n s  made from 1978 through 1980. 

Adult:  animal of b reed ing  s i z e ,  u s u a l l y  ove r  2.0 m i n  nose t o  t a i l  
length.  Minimum breeding s i z e  f o r  females  was d e f i n e d  as t h e  s i z e  of t h e  
s m a l l e s t  female t o  g ive  b i r t h  t o  a pup. Minimum breed ing  s i z e  f o r  males was 
de f ined  as  t h e  s i z e  of t h e  smallest male t o  engage i n  c o u r t s h i p  behav io r ,  
i nc lud ing  t h e  " r o l l i n g  bellow" ( s e e  Kenyon and Rice 1959, p. 235).  

Subadul t :  animal n e a r  b reed ing  s i z e ,  approximately 1.6 t o  1.9 m i n  
length.  Data fron t h e  few known-age animals  i n  t h i s  age class i n d i c a t e  t h a t  
most 4- and 5-year-3ld females  and most 4- t o  7-year-old males would be 
included a s  subadu l t s .  I a 

J u v e n i l e :  small seal ,  n o t  a pup o r  i d e n t i f i e d  1-year-old animal ,  
approximately 1 - 4  t o  1.6 m i n  l eng th .  This  age c l a s s  i n c l u d e s  a l l  2-year- 
o l d  and probably most 3-year-old seals. 

Yea r l ing :  approximately 1.3 t o  1.4 m i n  l e n g t h .  I n c l u d e s  o n l y  those  
animals known t o  have been born on Laysan du r ing  t h e  p rev ious  yea r .  
year-old animals  born on o t h e r  a t o l l s  o r  w i t h  marks t h a t  were un readab le  
during censuses  would have been c l a s s i f i e d  as j u v e n i l e s .  

One- 

Pup: young of t h e  y e a r ,  c l a s s i f i e d  as  "nursing" o r  "weaned," approxi- 
mately 1.3 m i n  l e n g t h  a t  weaning. 

Length measurements a r e  l i s t e d  as a b a s i c  gu ide ,  They a re  n o t  a r e l i -  
a b l e  measure of age,  as t h e r e  i s  a wide o v e r l a p  i n  l e n g t h s  of animals  known 
t o  have been born i n  d i f f e r e n t  y e a r s .  For some purposes  s u b a d u l t ,  j u v e n i l e ,  
and y e a r l i n g  animals  were combined i n t o  a . s i n g l e  age  c l a s s  and c a l l e d  imma- 
t u r e s .  

Because of t h e  i n h e r e n t  s u b j e c t i v i t y  of t h e  a g e  c l a s s i f i c a t i o n s  used, 
it i s  l i k e l y  t h a t  t h e  s p e c i f i c  boundaries  between age c l a s s e s  v a r y  s l i g h t l y  
from census t o  census.  These d i f f e r e n c e s  are  p robab ly  i n s i g n i f i c a n t  due t o  
t h e  c o n t i n u a l  check provided by t h e  l a r g e  number of i d e n t i f i a b l e  an ima l s  i n  
t h e  popu la t ion ,  and because t h e  same obse rve r s  conducted t h e  coun t s  through- 
out  a l l  4 yea r s .  F u r t h e r ,  counts  conducted w i t h  o t h e r  monk seal r e s e a r c h e r s  
( i n c l u d i n g  DeLong , Fiscus ,  A. Johnson, Kenyon, Knudt son, and Rauzon) showed 
c l o s e  agreement i n  age c l a s s i f i c a t i o n ,  i n d i c a t i n g  t h e  b a s i c  age c a t e g o r i e s  
are r e l a t i v e l y  d i s t i n c t ,  even when o b s e r v e r s  d i f f e r  and i d e n t i f i e d  animals  
are n o t  used. 

b 

Sex Determination 

While s u b t l e  s exua l  d i f f e r e n c e s  i n  f a c e ,  body p r o p o r t i o n s ,  and c o a t  
c o l o r  may be p r e s e n t  i n  monk seals ,  we cons ide red  a good view of t h e  poste-  
r i o r  ventrum t h e  on ly  r e l i a b l e  method of de t e rmin ing  sex,  w i th  t h r e e  excep- 
t i o n s .  

1. The sex  of seals r e c o g n i z a b l e  by n a t u r a l  or  a p p l i e d  marks w a s  
r o u t i n e l y  recorded wi thou t  r econf i rma t ion .  
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2. The sex of a d u l t s  a t t e n d i n g  nu r s ing  ( i . e . ,  unweaned) pups was 
assumed t o  b e  female. 

3. The sex of v o c a l i z i n g  a d u l t s  g i v i n g  t h e  c h a r a c t e r i s t i c  a d u l t  male 
" r o l l i n g  bellow" dur ing  c o u r t s h i p  d i s p l a y s  was recorded as male, 
even i f  no v e n t r a l  examination was made. 

By r eco rd ing  t h e  sex  of an animal only i f  i t  met one of t h e  above 
c r i t e r i a ,  e r r o r s  i n  sex  de te rmina t ion  a re  very u n l i k e l y ,  b u t  i t  i s  also 
i n e v i t a b l e  t h a t  many seals w i l l  b e  recorded as "sex unknown." 
i c a n t  p ropor t ion  of t h e  seals a shore  a re  unsexed, t h e  observed sex  r a t i o  
w i l l  b e  b i a s e d  u n l e s s  t h e  p robab i l5 ty  of sexing males and females  i s  t h e  
same. I n  p a r t i c u l a r ,  coun t s  of a d u l t s  mede du r ing  t h e  pupping seasan  w i l l  
be  s t r o n g l y  b i a s e d  toward females ( i f  very many seals are unsexed) because 
- all a d u l t s  a t t e n d i n g  pups w i l l  b e  recorded as female. 
d i s c u s s i o n  of  o t h e r  p o t e n t i a l  b i a s e s ,  and o f f e r s  a method of c o r r e c t i n g  f o r  
t h e  female-with-pup b i a s .  The female-with-pup c o r r e c t i o n  should be a p p l i e d  
t o  counts  from a l l  s t u d i e s  when i n t e r p r e t i n g  o r  comparing sex r a t i o  d a t a  
c o l l e c t e d  du r ing  t h e  pupping season. 

I f  a s i g n i f -  

Appendix B p r e s e n t s  a 

. Molt 

During 1977, d a t a  c o l l e c t e d  on censuses  inc luded  no t ing  any obviously 
molt ing seals. From 1978 through 1980, a l l  seals  seen on censuses  were 
recorded as e i t h e r  premolt ,  molt ing,  or postmolt .  Premolt seals g e n e r a l l y  
had a brownish-yellow t i n g e  t o  t h e  pelage,  and o f t e n  had a l g a l  growth on t h e  
hind f l i p p e r s  o r  muzzle. Postmolt  seals were similar i n  color t o  r e c e n t l y  
weaned pups, w i t h  a gray or s i lve r  c o a t  c o l o r .  
t h e  h a i r  began t o  g r a d u a l l y  develop a brownish-yellow t inge .  

A t  about 3 months postmolt ,  

I n  1977 and early 1978, a seal  was c l a s s i f i e d  as molt ing once t h e  f i r s t  
pa t ch  of h a i r  was shed. I n  J u l y  of 1978 t h e  molt was r e d e f i n e d  t o  inc lude  
animals as mol t ing  only i f  a patch of h a i r  a t  l e a s t  2 cm squa re  was missing 
from t h e  c h e s t  of t h e  animal. This  change was necessary because some ani-  
mals showed s i g n s  of molt ing on t h e  hind f l i p p e r s  o r  around scars as much as 
a week b e f o r e  they began t o  molt elsewhere. Other animals r e t a i n e d  a small 
patch of o l d  pe l age  on t h e i r  backs f o r  a few days a f t e r  t h e  res t  of t h e  o l d  
h a i r  had been shed. I n  t h e  l a t t e r  case, w e  cont inued t o  r eco rd  a seal as 
molt ing u n t i l  t h e  las t  pa t ch  of o l d  d o r s a l  h a i r  was gone. (Occasional ly  
pa t ches  of epidermis  remained a t t a c h e d  af ter  t h e  l a s t  h a i r  was shed: 
animals were c a l l e d  postmolt  . These 

From 1978 through 1980, molt ing seals  were c l a s s i f i e d  by t h e  percentage 
of body h a i r  t h a t  had been shed. 
from (202 t o  >80%. (For a d d i t i o n a l  information o n  t h e  molt i n  Hawaiian monk 
seals see Johnson and Johnson 1981a.l 

There were f i v e  main c a t e g o r i e s ,  ranging 

Censusing Techniques 

Knowledge of t h e  s p e c i f i c  methodology used during seal  censuses  i s  
extremely important  when making comparisons between s t u d i e s .  D i f f e rences  i n  
such f a c t o r s  as s ta r t  t i m e ,  count ing seals  i n  t h e  water, o r  o v e r a l l  t i m e  t o  
complete a count can s e r i o u s l y  b i a s  comparisons. Unfo r tuna te ly ,  t h e s e  fac-  
t o r s  are  sometimes d i f f i c u l t  t o  i d e n t i f y ,  and are f r e q u e n t l y  ignored. 
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The methodology used on Laysan during t h e  4 years of o u r  s tudy  was pat-  
t e r n e d  a f t e r  t h a t  used i n  previous surveys of t h e  Hawaiian monk sea l ,  and 
included coun t ing  seals i n  t h e  nea r shore  water. Both our  coun t s  and pre- 
v ious  ground surveys at tempted t o  count t h e  maximum number of seals  us ing  
t h e  area. Our methods d i f f e r e d  s l i g h t l y  from previous counts  i n  t h a t  grea- 
t e r  p r e c a u t i o n s  were t aken  t o  avoid count ing i n d i v i d u a l  seals more than  
once. Comparison of coun t s  made by t h e  a u t h o r s  w i t h  concur ren t  counts  made 
by r e s e a r c h e r s  v i s i t i n g  Laysan during t h e  4 years of t h e  s tudy pe r iod  
showed c l o s e  agreement, d e s p i t e  t h e  s l i g h t  d i f f e r e n c e  i n  methodology. 
Counts made by Nat ional  Marine F i s h e r i e s  Se rv ice  personnel  s i n c e  1982 have 
excluded a l l  animals i n  t h e  near-shore waters (Gilmart in ,  pe r sona l  communi- 
c a t i o n )  and are t h e r e f o r e  n o t  d i r e c t l y  comparable t o  our  Laysan counts  o r  t o  
o t h e r  c o u n t s  made p r i o r  t o  1982. 

The methodology used on Laysan was c o n s i s t e n t  between 1977 and 1980. 
To minimize d i s t u r b a n c e ,  most beaches were r a r e l y  v i s i t e d  between censuses.  
Since a major o b j e c t i v e  of t h e  s tudy  was o b s e r v a t i o n  of an  undis turbed  popu- 
l a t i o n ,  w e  made every e f f o r t  t o  remain undetected by t h e  seals. Observations 
were made a t  t h e  g r e a t e s t  d i s t a n c e  p o s s i b l e ,  u s ing  b i n o c u l a r s .  

A once every 4-day censusing schedule  was maintained throughout a l l  4 
years of t h e  study. These "main" censuses  were u s u a l l y  s t a r t e d  between 1200 
and 1600 and allowed d i r e c t  comparison of haul-out parameters  between years. 
Addi t iona l  censuses ,  w i t h  v a r i a b l e  s ta r t  times were conducted a f t e r  1977. 
A l l  censuses  g e n e r a l l y  s t a r t e d  on t h e  west s h o r e  below camp. The two obser- 
v e r s  walked i n  o p p o s i t e  d i r e c t i o n s ;  one obse rve r  (BWJ) counted seals t o  t h e  
sou th  w h i l e  t h e  o t h e r  (PAJ) counted seals around t h e  no r the rn  h a l f  of t h e  
i s l a n d  (obse rve r s  o c c a s i o n a l l y  switched censusing d i r e c t i o n s ) .  
normally ended approximately 3 hours a f t e r  they  s t a r t e d ,  when t h e  two obser- 
vers m e t  on t h e  east shore.  

Censuses 

A l l  seals onshore du r ing  t h e  census were added t o  t h e  t o t a l  u n l e s s  a 
recognizable  i n d i v i d u a l  seal  was encountered which had been counted e a r l i e r  
on t h e  census. S e a l s  f l o a t i n g  i n  t h e  water o r  swimming d i r e c t l y  toward o r  
away from t h e  i s l a n d  were included i n  t h e  count ,  u n l e s s  p rev ious ly  i d e n t i -  
f i e d .  S e a l s  swimming along t h e  s h o r e l i n e  presented a problem, as these 
animals o f t e n  s w a m  back and f o r t h  along a l a r g e  s e c t i o n  of  beach, introduc-  
i n g  t h e  p o s s i b i l i t y  of double  counting. 
included a l l  seals  swimming from an  area no t  y e t  censused ( u n l e s s  a previ-  
ous ly  i d e n t i f i e d  animal)  and excluded from t h e  t o t a l  a l l  seals  swimming from 
an  area a l r e a d y  counted ( u n l e s s  t h e  animal was an i d e n t i f i e d  i n d i v i d u a l  
which had d e f i n i t e l y  not  been seen  p rev ious ly  on t h e  count;  e.g., when a l l  
seals of t h a t  age/sex c l a s s  seen p rev ious ly  had been i d e n t i f i e d ) .  

To minimize t h i s  p o s s i b i l i t y ,  w e  

Data c o l l e c t e d  on each seal du r ing  censuses  throughout t h e  4 years 
included:  age c lass ,  sex (when p o s s i b l e ) ,  i d e n t i t y  ( i f  known), and l o c a t i o n  
on t h e  i s l a n d .  
s t a g e  of molt ,  i nc lud ing  pre- o r  postmolt  and molt ing (as pe rcen t  molted) 
was recorded. 

Molting seals  were noted i n  1977; i n  a l l  o t h e r  years t h e  

Because of t h e  n a t u r e  of t h e  s tudy  t h e r e  were s l i g h t  d i f f e r e n c e s  
between d a t a  c o l l e c t e d  i n  1977 and d a t a  from l a t e r  years. 
year of t h e  s tudy  f e w  seals  were i n d i v i d u a l l y  r ecogn izab le ;  t h e r e f o r e ,  fewer 
seals were sexed on counts  i n  1977 than  i n  subsequent years. The presence 

During t h e  f i r s t  
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of l a r g e  numbers of i d e n t i f i e d  i n d i v i d u a l s  by t h e  end of t h e  s tudy  made 
sexing a l a r g e  p ropor t ion  of t h e  seals easier,  and inc reased  t h e  cons i s t ency  
of t h e  age c lass  assignment. F i n a l l y ,  ou r  d e f i n i t i o n  of t h e  molt  s t a g e s  
changed du r ing  1978. T h e r e a f t e r ,  a seal  was n o t  recorded as molt ing u n t i l  
h a i r  l o s s  began on t h e  ches t .  
molt ing f o r  l onge r  pe r iods  i n  1977 and ear ly  1978 than  i n  subsequent y e a r s  
(Johnson and Johnson 1981a) . 

This  change meant t h a t  seals were recorded as 

Populat ion Est imat ion 

The techniques used t o  estimate populat ion s i z e  were designed t o  avoid 
any handl ing o r  d i s t u r b a n c e  t o  t h e  ,seals. This  was important  f o r  two rea- 
sons. F i r s t ,  e a r l i e r  s t u d i e s  i n d i c a t e d  human d i s t u r b a n c e  might b e  a major 
f a c t o r  i n  t h e  d e c l i n e  of t h e  s p e c i e s  (Kenyon 1972). Secondly, d a t a  obtained 
us ing  nondis turbance methods can serve as an  important  c o n t r o l  t o  t e s t  t h e  
r e l i a b i l i t y  of f u t u r e  s t u d i e s  invo lv ing  tagging of animals. Any s t u d i e s  
which r e q u i r e  handling of animals must assume t h a t  c a p t u r e  and t agg ing  do 
n o t  a f f e c t  t h e  haul-out behavior  of t h e  animal. The r a t i o  of mean count t o  
populat ion estimate du r ing  o u r  s tudy  can b e  compared w i t h  d a t a  c o l l e c t e d  i n  
f u t u r e  y e a r s  t o  t es t  t h i s  assumption i f  coun t s  are made i n  a comparable 
manner. 

The methodology was designed so t h a t  d a t a  could b e  c o l l e c t e d  us ing  b inoc  
u l a r s  a t  a cons ide rab le  d i s t a n c e  from t h e  animals.  The techniques which 
r e q u i r e d  i n d i v i d u a l  r e c o g n i t i o n  of animals ( P e t e r s e n  Est imate ,  Petersen/Molt  
and Molt Summation) were based on d e t a i l e d  i d e n t i f i c a t i o n  f i l e s  which con- 
t a i n e d  photographs,  ske t ches ,  and d e s c r i p t i o n s  of scars and marks. 

No t echn iques  were used t o  estimate t h e  number of pups born,  as r e g u l a r  
censusing throughout t h e  f i e l d  season provided an  a c c u r a t e  count of t h e  
t o t a l  pup production. Also, no at tempt  was made t o  estimate t h e  number of 
y e a r l i n g s  i n  t h e  populat ion,  s i n c e  a l l  pups born on Laysan t h e  previous y e a r  
were b l each  marked, t h u s  i d e n t i f i a b l e .  

Nata l i ty  and Reproduction 

A s  t h e  r i s k  of d i s t u r b a n c e  t o  a l l  beaches each day was considered 
u n j u s t i f i a b l e ,  many areas of t h e  i s l a n d  were n o t  v i s i t e d  on noncensus days. 
Accurate  de te rmina t ion  of b i r t h  and wean d a t e s  f o r  pups was considered 
important ,  so d a i l y  v i s i t s  were f r e q u e n t l y  made t o  a p a r t i c u l a r  beach when a 
b i r t h  o r  weaning was expected. Desp i t e  t h e s e  a d d i t i o n a l  obse rva t ions ,  t h e  
a c t u a l  day of b i r t h  was n o t  determined f o r  many pups, and i t  was necessary 
t o  u s e  a best-guess  method t o  minimize t h e  p o s s i b l e  e r r o r  i n  a s s i g n i n g  a 
b i r t h  or weaning da te .  The day of b i r t h  was recorded as t h e  day halfway 
between when t h e  pup was f i r s t  s een  and t h e  las t  time t h e  area had been 
checked. The only excep t ion  occurred when t r a c k s  and/or a f r e s h  p l a c e n t a  
i n d i c a t e d  t h e  b i r t h  was very r e c e n t  (same day) o r  d e f i n i t e l y  had n o t  been 
t h a t  r ecen t .  The same approach was used t o  determine t h e  day of weaning, 
w i t h  t h e  day of weaning considered t o  b e  t h e  day halfway between t h e  d a t e  
t h e  pup was l a s t  seen  w i t h  an a t t e n d i n g  female and t h e  f i rs t  day it was seen 
alone. Since censuses  were conducted a t  l e a s t  once every 4 days,  t h i s  
introduced a maximum e r r o r  of p l u s  o r  minus 4 days i n t o  de te rmina t ion  of age 
a t  weaning ( o r  l a c t a t i o n  i n t e r v a l  f o r  a d u l t  females).  
as t h e  d e p a r t u r e  of t h e  a t t e n d i n g  female w h i l e  t h e  pup remained. 

Weaning was de f ined  
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One pup was weaned p r i o r  t o  ou r  a r r i v a l  i n  1980, b u t  i t  was p o s s i b l e  t o  
determine t h e  probable  mother as  t h e  phys ica l  appearance and a l t e r a t i o n  i n  
haul-out and molt  p a t t e r n s  f o r  only one female f i t  t h e  p a t t e r n  expected f o r  
t h e  mother of t h e  ear ly  pup. The reproduct ive  d a t a  f o r  t h i s  female has  been 
included i n  t h e  c a l c u l a t i o n s ,  c l a s s i f y i n g  h e r  as p a r t u r i e n t  i n  1980. I n  t h e  
only o t h e r  case of a weaning p r i o r  t o  our a r r iva l  ( i n  1977), no such assump- 
t i o n  was made. Only females known t o  produce pups were included as partu- 
r i e n t .  To b e  l i s t e d  as n o n p a r t u r i e n t  t h e  female had t o  b e  seen  throughout t h e  
per iod s h e  m i g h t  b e  expected t o  pup, o r  b e  obviously n o t  pregnant a t  t h a t  time 
(o the rwise  h e r  reproduct ive  s t a t u s  f o r  t h a t  year was excluded from a n a l y s i s ) .  
Although it i s  u n l i k e l y  t h a t  any female seen r e g u l a r l y  on Laysan I s l a n d  during 
a f i e l d  season  gave b i r t h  on ano the r  a t o l l  i n  t h a t  year, t h e  p o s s i b i l i t y  
cannot b e  excluded. No sea ls  seen during ou r  s tudy  on Laysan I s l a n d  matched 
t h e  photographs,  ske t ches ,  or  d e s c r i p t i o n s  of mothers seen i n  1980.at  Kure 
A t o l l  (NMFS f i l e s  examined i n  November 1980) o r  French F r i g a t e  Shoals  (FWS 
f i l e s  examined i n  J u l y  19811. Any female t h a t  became pregnant b u t  abor t ed  
p r i o r  t o  t h e  s t a r t  of t h e  f i e l d  season  would have been c l a s s i f i e d  as nonpar- 
t u r i e n t  . 

u 

* 

A s u b j e c t i v e  assessment of t h e  s i z e  of most mothers was made several 
times dur ing  t h e  f i e l d  season,  i nc lud ing  b e f o r e ,  during,  and a f t e r  lacta- 
t i o n .  A f i v e  p o i n t  scale was used, w i t h  1 being very small, and 5 very 
l a rge .  The mean of a l l  recorded s i z e s  was c a l c u l a t e d  f o r  each female each 
year. The assignment of a s i z e  was based on o v e r a l l  l e n g t h  and g i r t h .  

RESULTS AND DISCUSSION 

I s l a n d  Counts 

I n  1977 t h e  mean of a l l  censuses  conducted between mid-March and mid- 
August ( t h e  per iod al lowing comparisons between a l l  y e a r s  of t h e  s tudy)  was 
179 seals.  The h i g h e s t  count (211 s e a l s )  was as high as any count s i n c e  
1965, i n d i c a t i n g  l i t t l e  change i n  t h e  t o t a l  number of seals us ing  Laysan 
between 1965 and 1977. 

The mean count du r ing  t h e  mid-March t o  mid-August per iod i n  1978 
dec l ined  d r a m a t i c a l l y  t o  123 animals. 
t o  have d i e d  o r  disappeared du r ing  what has been termed t h e  1978 "die-off." 
The mean count du r ing  1979 was 113 seals,  showing a f u r t h e r  d e c l i n e .  The 
mean count of 112 seals i n  1980 was almost  i d e n t i c a l  t o  t h e  1979 mean, 
sugges t ing  t h e  Laysan populat ion may have s t a b i l i z e d ,  b u t  a t  approximately 
35% below t h e  1977 level.  
s tudy  are included i n  Appendix C.) 

Over 50 i d e n t i f i e d  animals were known 

(The resul ts  of a l l  censuses  conducted du r ing  t h e  

The a g e  composition a l s o  changed w i t h  t h e  die-off of 1978. Figure  2 
shows t h e  dec rease  i n  t o t a l  sea ls ,  immatures, and a d u l t s ,  t aken  from a l l  
censuses  conducted i n  t h e  mid-March through mid-August pe r iod  of each year .  
The g r e a t e s t  d e c l i n e  occurred i n  t h e  immature seal counts.  F i e l d  observa- 
t i o n  showed t h e  y e a r l i n g  cohor t  was e s p e c i a l l y  a f f e c t e d ,  w i th  only 7 of t h e  
42 pups born i n  1977 known t o  have su rv ived  through 1978. 
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F i g u r e  2.--The mean mid-March through mid-August 
seal  count , 197 7-80. 

Changes i n  t h e  sex s t r u c t u r e  were more d i f f i c u l t  t o  document a s  44% of 
t h e  seals ( exc lud ing  pups) were n o t  sexed on coun t s  i n  1977, compared w i t h  
on ly  8% unsexed i n  1980. The i n c r e a s e  i n  number of animals  sexed ove r  t h e  
s tudy w a s  due t o  t h e  g r e a t e r  number of i n d i v i d u a l l y  r ecogn izab le  seals as 
w e l l  as t o  t h e  inc reased  expe r i ence  of t h e  o b s e r v e r s .  

To a s c e r t a i n  t h e  degree of change i n  t h e  sex  s t r u c t u r e  of t h e  popula- 
t i o n ,  it i s  necessa ry  t o  examine p o t e n t i a l  s o u r c e s  of b i a s  which could 
r e s u l t  i n  e i t h e r  males o r  females  being e a s i e r  t o  sex  on counts .  I f  no 
b i a s e s  e x i s t ,  t h e n  e x t r a p o l a t i n g  t h e  sex  r a t i o  of animals  sexed on coun t s  t o  
t h e  unsexed animals  i n  each age c l a s s  would be a v a l i d  way t o  compare d a t a  
from 1977 wi th  o t h e r  y e a r s .  Appendix B l i s t s  s e v e r a l  p o t e n t i a l  b i a s e s ,  and 
p r e s e n t s  d a t a  showing t h e  e f f e c t  of t h e s e  b i a s e s  w a s  n e g l i g i b l e ,  excep t  f o r  
t h e  c o r r e c t a b l e  female-with-pup b i a s .  

F i g u r e  3 compares t h e  mean count f o r  t h e  a d u l t  and immature a g e / s e x  
c l a s s e s  from mid-March through August 1977 wi th  t h e  same p e r i o d  i n  1980. 
The d a t a  inc lude  a c o r r e c t i o n  f o r  t h e  female-with-pup b i a s  (as d e s c r i b e d  i n  
Appendix B) and assume t h a t  t h e  ma1e:female sex  r a t i o  f o r  unsexed animals  i s  
t h e  same as  f o r  sexed animals.  These d a t a  show s imi l a r  d e c l i n e s  i n  male and 
female numbers i n  both age c l a s s e s ,  w i th  a g r e a t e r  d e c l i n e  i n  t h e  number of 
immature seals t h a n  a d u l t s  (44% and 26%, r e s p e c t i v e l y ) .  

Seasonal changes i n  haul-out p a t t e r n s  f o r  each age / sex  c lass  can b e s t  
be shown us ing  d a t a  from 1979 and 1980 (1977 d a t a  a re  excluded because of 
t h e  l a r g e  number of unsexed animals  and 1978 d a t a  because major changes were 
occur r ing  i n  t h e  composition of t h e  p o p u l a t i o n  throughout  t h a t  y e a r ) .  
F igu re  4 compares semimonthly mean counts  f o r  1979 and 1980. Data from both 
y e a r s  show a s i m i l a r  p a t t e r n ,  w i th  an i n i t i a l  h i g h  i n  A p r i l  fol lowed by a 
low i n  May and a second h igh  i n  June fol lowed by a d e c l i n e  i n  J u l y .  A 
d i f f e r e n c e  can be seen  between y e a r s  i n  t h e  c o u n t s  du r ing  t h e  A p r i l  and June 
high pe r iods .  I n  e a r l y  A p r i l  t h e  1979 coun t s  were about  10% below t h e  
counts ,  bu t  i n  e a r l y  J u l y  t h e  s i t u a t i o n  w a s  r e v e r s e d  wi th  t h e  1979 coun t s  
h i g h e r  t h a n  t h e  1980 counts.  
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F i g u r e  3.--Mean i s l a n d  count  from mid-March through mid-August, 
based on e x t r a p o l a t e d  d a t a  from Appendix C. 
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F i g u r e  4.--Mean count  (excluding pups) from mid-March through mid-August. 

F i g u r e  5 combines t h e  d a t a  from both  years t o  i l l u s t r a t e  t h e  o v e r a l l  
p a t t e r n .  Although t h e  s t anda rd  d e v i a t i o n s  f o r  most months ove r l ap ,  t h e  
count  d a t a  show t h e  lowes t  counts  occurred  i n  l a t e  May ( a t  t h e  s t a r t  of t h e  
mol t ing  season)  and t h e  h i g h e s t  counts  occurred  i n  September (dur ing  t h e  
peak of t h e  a d u l t  male molt) .  
t h e  least  v a r i a n c e  i n  counts  and t h u s  may be  t h e  b e s t  t i m e  t o  conduct year- 
to-year comparat ive coun t s  on Laysan. 

La te  May, early June,  and e a r l y  August showed 

F igures  6 through 9 p r e s e n t  seasonal  haul-out p a t t e r n s  f o r  t h e  d i f f e r -  
Counts e n t  age l sex  classes,  based on t h e  combined coun t s  of 1979 and 1980. 

have been c o r r e c t e d  f o r  t h e  female-with-pup bias ,  and unsexed animals  have 
been inc luded  based on t h e  sex r a t i o  of s e a l s  t h a t  were sexed i n  each age 
class. Counts of a d u l t  males were lowest dur ing  June  and J u l y ,  and h ighes t  
i n  September (Fig.  6). Adult  female counts  remained r e l a t ive ly  s t a b l e  
throughout  t h e  s tudy  u n t i l  a d e c l i n e  i n  August and September (Fig.  7 ) .  
Counts of immature males peaked i n  August (Fig.  81, and i m m a t u r e  female 
counts  peaked i n  June  (Fig. 9) .  
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Figure 5.--Semimonthly counts (mean and standard deviation) 
for 1979 and 1980 combined. 
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for 1979 and 1980 combined. 

1388 O N L Y  

5- - -b’ 
0’  : I I I I I 

I 

4 5 G 7 8 9 
MONTH 

Figure 7.--Adult female counts (mean and standard deviation) 
for 1979 and 1980 combined. 
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F i g u r e  8 .--Immature male coun t s  (mean and s t anda rd  d e v i a t i o n )  
f o r  1979 and 1980 combined. 
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F i g u r e  9.--Immature female counts  (mean and s t anda rd  d e v i a t i o n )  
1979 and 1980 combined. 

Populat ion Est imat ion 

I n  1979 several methods f o r  e s t i m a t i n g  t h e  s i z e  of t h e  monk seal popu- 
l a t i o n  on Laysan I s l a n d  were devised and t e s t e d ,  a l l  u s ing  nondis turbance 
techniques exc lus ive ly .  
r e p o r t e d  elsewhere (Johnson and Johnson 1981a). One of t h e  techniques ( t h e  
8-day Molt Estimate) was t e s t e d  a t  French F r i g a t e  Shoals du r ing  1980 (Johnson 
and Johnson 1984). These sources  should be consu l t ed  f o r  d e t a i l e d  d i s c u s s i o n  
of assumptions,  methods, i n h e r e n t  b i a s e s ,  and resul ts .  The fol lowing summary 
reviews each technique as i t  a p p l i e s  t o  d a t a  c o l l e c t e d  on Laysan during 1980. 

The methodology used and t h e  1979 resu l t s  have been 

Molt Summa t i o n  

Since a l l  Hawaiian monk seals undergo a conspicuous annual molt, du r ing  
which they remain on o r  n e a r  shore,  counting each molt ing seal  would resu l t  
i n  a t o t a l  popula t ion  count f o r  t h a t  a t o l l ,  d i s c r e t e  from a l l  o t h e r  a t o l l  
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popu la t ions  (Johnson and Johnson 1981a).  I n  1979 and 1980, f r e q u e n t  cen- 
sus ing  du r ing  t h e  mol t ing  season allowed u s  t o  i d e n t i f y  and count  each indi-  
v i d u a l  s e a l  t h a t  molted du r ing  each s tudy pe r iod .  Most mol t ing  sea ls  had 
been p r e v i o u s l y  i d e n t i f i e d  on t h e  b a s i s  of n a t u r a l  o r  a p p l i e d  marks. Because 
of t h e  extended mol t ing  season,  r e l a t i v e l y  few sea ls  molted a t  any one t i m e ,  
t hus  animals  without  i d e n t i f i a b l e  marks could s t i l l  be d i f f e r e n t i a t e d  on t h e  
b a s i s  of age / sex  ca t egory ,  s t a g e  of molt ,  and l o c a t i o n  on t h e  i s l a n d .  Occa- 
s i o n a l l y  mol t ing  seals  were marked wi th  b l each  t o  f a c i l i t a t e  i d e n t i f i c a t i o n .  
I n  1979 t h e  s tudy p e r i o d  ended w e l l  b e f o r e  t h e  end of t h e  mol t ing  season,  
t h u s  a complete count of mol t ing  seals was n o t  p o s s i b l e .  I n  1980, t h e  f i e l d  
season extended throughout most of t h e  mol t ing  season  f o r  a l l  age / sex  c l a s s e s  
except a d u l t  males, a l lowing a t o t a l  p o p u l a t i o n  count  of t h e  o t h e r  age/sex 
c l a s s e s .  Summing t h e  animals  i n  a l l  age c l a s s e s ,  t h e  Molt Summation d a t a  
suggest  a t o t a l  of 158 seals ,  excluding a d u l t  males, used Laysan d u r i n g  t h e  
summer and f a l l  of 1980. The number of mol t ing  seals i n  each age / sex  c l a s s  
was as  fo l lows .  

Pups.--Of t h e  33 pups born on Laysan du r ing  1980, 28 su rv ived  through 
weaning (and t h e i r  p o s t n a t a l  m o l t )  i nc lud ing  9 males and 19 females .  

Yearlings.--Twenty-four y e a r l i n g s  ( s e a l s  born on  Laysan i n  1979) molted 
on Laysan du r ing  t h e  1980 f i e l d  season  (14 males and 1 0  f ema les ) .  
y e a r l i n g  female was seen r e g u l a r l y  throughout t h e  f i e l d  season b u t  had n o t  
molted by ou r  d e p a r t u r e ,  r e s u l t i n g  i n  a t o t a l  y e a r l i n g  count of 25. Two 
o t h e r  y e a r l i n g s  (one male and one female) were s e e n  on  Laysan e a r l y  i n  t h e  
f i e l d  season  bu t  n o t  a f t e r  t h e  s t a r t  of t h e  m o l t i n g  season,  and a re  the re -  
f o r e  excluded from t h e  y e a r l i n g  t o t a l .  

One 

Juveniles.--A t o t a l  of 8 j u v e n i l e  males and 11 j u v e n i l e  f ema les  molted 
during t h e  s tudy  per iod.  This  i n c l u d e s  a l l  t h e  i d e n t i f i e d  j u v e n i l e s  s een  i n  
1980 except  one male which d i ed  on 23 A p r i l  and a n o t h e r  male which was n o t  
r e s i g h t e d  a f t e r  26 Ju ly .  

Subadults.--A t o t a l  of 30 subadu l t  males and 18 subadu l t  f ema les  molted 
du r ing  t h e  f i e l d  season. This  i nc luded  a l l  i d e n t i f i e d  s u b a d u l t s  s een  i n  
1980 except  one m a l e ,  l a s t  s een  on  22 A p r i l ,  and one female,  l a s t  seen  on 3 
A p r i l  . 

Adult females.--Thirty-five a d u l t  females  molted du r ing  t h e  s tudy  
per iod.  Three a d d i t i o n a l  females  which pupped l a t e  i n  t h e  pupping season  had 
n o t  molted by mid-September, r e s u l t i n g  i n  a t o t a l  a d u l t  female count  f o r  t h e  
summer and f a l l  i n  1980 of 38. An a d d i t i o n a l  11 a d u l t  females  i d e n t i f i e d  
during 1980 were n o t  s een  mol t ing ,  t h u s  were excluded from t h e  mol t  t o t a l .  
(The unusua l ly  l a r g e  number of a d u l t  females  d i s a p p e a r i n g  du r ing  1980 i s  a 
matter of concern,  needing f u r t h e r  s tudy and c a r e f u l  monitor ing.)  

The Molt Summation count i s  a n  i d e a l  method f o r  determining p o p u l a t i o n  
s i z e  as  i t  p rov ides  a n  a c t u a l  count of t h e  t o t a l  number of animals  i n  each 
age/sex c l a s s  and d e f i n e s  a p o p u l a t i o n  d i s c r e t e  from a l l  o t h e r  p o p u l a t i o n s  
( e l i m i n a t i n g  t h e  problem of i n t e r a t o l l  movement). 
technique i s  t h e  requirement  f o r  f r e q u e n t  census ing  ove r  many months. ( A l -  
though t h e  1980 f i e l d  season l a s t e d  over  s i x  months, i t  was n o t  long enough 
t o  encompass t h e  e n t i r e  a d u l t  male o r  y e a r l i n g  m o l t i n g  season.) The re fo re ,  
f u t u r e  s t u d i e s  may have t o  r e l y  on o t h e r  p o p u l a t i o n  e s t i m a t i o n  t echn iques .  

The major drawback t o  t h e  
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The s i g h t i n g  d a t a  from Laysan i n d i c a t e  seals  t h a t  molt on t h e  i s l a n d  a r e  
probably year-round r e s i d e n t s .  However, o t h e r  popu la t ions  could b e  less  
s t a b l e ,  w i t h  t h e  molt ing popu la t ion  no t  t h e  same as t h e  populat ion us ing  t h e  
area a t  o t h e r  times of t h e  year. To tes t  t h i s ,  popu la t ion  e s t i m a t i n g  tech- 
niques us ing  d a t a  ga the red  i n  s p r i n g  o r  w i n t e r  months can b e  compared t o  t h e  
Molt Summation r e s u l t s .  

Pe t e r sen  Estimate 

The P e t e r s e n  Estimate ( a l s o  known as  t h e  Lincoln Index) i s  a s imple 
method f o r  e s t i m a t i n g  N, t h e  number of animals i n  a c l o s e d  populat ion.  A s  
desc r ibed  by Seber (19731, a sample of marked animals ( n l )  i s  r e l e a s e d  i n t o  a - 
populat ion.  
marked and unmarked a n i a a l s ,  a second sample of animals (1-121 i s  taken,  a 
s u b s e t  (m2) of which were p rev ious ly  marked. Assuming t h a t  t h e  p ropor t ion  of 
marked animals  i n  t h e  second sample is  a reasonable  estimate of t h e  propor- 
t i o n  of marked t o  unmarked animals i n  N, w e  can e q u a t e  t h e  two and o b t a i n  an  
estimate of  N. Thus: 

A f t e r  s u f f i c i e n t  time has e l apsed  t o  nllow f o r  random mixing of 
? 

m2 n l  h n l  n2 

n2 N m2 
- o r  N = - . - = -  

S p e c i f i c s  of t h e  methodology used i n  1979 and a d i s c u s s i o n  of  assump- 
t i o n s  can b e  found i n  Johnson and Johnson (1981a). 
d i f f e r e n c e  between 1979 and 1980 was an  a t t empt  i n  1980 t o  i n c r e a s e  t h e  
r e l i a b i l i t y  of t h e  estimate by i n c r e a s i n g  t h e  number of marked animals  i n  
each age/sex c l a s s ,  and by i n c r e a s i n g  t h e  number of r e c a p t u r e  censuses .  
fo l lowing  reviews t h e  methodology as i t  a p p l i e s  t o  t h e  1980 da ta .  

The major methodological 

The 

Marked animals.--Prior t o  t h e  s tar t  of t h e  Pe te r sen  Estimate censuses ,  a 
l i s t  was compiled of a l l  seals w i t h  i d e n t i f i a b l e  scars o r  marks t h a t  were 
seen  o n  Laysan du r ing  t h e  previous 2 months (15 March t o  15  May). 
were l i s t e d  by age/sex c lass  and ranked according t o  t h e  conspicuousness of 
t h e i r  markings. 
a c t u a l  number of animals  i n  b o t h  age  classes was known.) Excluded from t h e  
l i s t  were two animals which d i ed  b e f o r e  1 5  May and t h r e e  seals which were 
i n t e r m e d i a t e  i n  s i z e ,  sometimes being c l a s s e d  as subadu l t ,  sometimes as  
a d u l t  . 

The seals 

(Yearl ings and pups were excluded from t h e  l i s t s  as t h e  

b The seals chosen as t h e  marked sample included t h e  40 a d u l t  males and 25 
a d u l t  f ema les  w i t h  t h e  most conspicuous markings, and a l l  23 immature males 
and 19 immature females on t h e  l i s t .  

Census procedure.--The procedure was designed t o  ensu re  t h a t  any marked 
animals onshore would always be recognized. The pe r ime te r  of t h e  i s l a n d  was 
d iv ided  i n t o  t h r e e  roughly equa l  s e c t i o n s .  
times between 17 May and 5 June. 
i n  Table  1. 

Each s e c t i o n  was censused n i n e  
The d a t e  and t i m e  of each census are l i s t e d  

Each census involved two obse rve r s  walking onesof  t h e  t h r e e  s e c t i o n s  of 
t h e  i s l a n d  per imeter  t oge the r .  
him/herself  so as n o t  t o  b e  observed by any seals ,  and wai ted u n t i l  t h e  seal 

An obse rve r  stopped a t  each seal ,  p o s i t i o n i n g  
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Table 1.--Date and t i m e  of Pe te r sen  Estimate censuses  
on Laysan I s l and ,  1980. 

Time* North Southeast  Southwest 

0730-1115 5-1 7 5-20 5-22 
5-26 5-28 5-30 
6-01 6-03 6-0 5 

1130-1515 5-22 5-1 7 3-20 
5-30 5-26 5-28 
6-0 5 6-01. 6-03 

1 53 0-1 91 5 5-20 5-22 5-17 
5-28 5-3 0 5-26 
6-03 6-0 5 6-01 

*Hawaii Standard Time. 

had moved s u f f i c i e n t l y  t o  a l low a good view of a l l  s i d e s .  
t h e  animal were compared w i t h  photographs and ske tches  of i d e n t i f i e d  seals 
c a r r i e d  by t h e  observer .  
count. A l l  animals  which en tered  t h e  water during t h e  obse rva t ion  per iod ,  
inc luding  i d e n t i f i e d  seals, were excluded, u n l e s s  t h e  observer  had c l e a r l y  
seen  a l l  s i d e s  of t h e  animal. To i n c r e a s e . t h e  r e l i a b i l i t y  of age c l a s s i f i c a -  
t i o n ,  one of t h e  observers  (PAJ) was r e spons ib l e  f o r  record ing  age/sex d a t a  
on a l l  seals. 

Scars  o r  marks on 

Animals i n  t h e  water were not  included i n  t h e  

Results.--The formulas used t o  estimate populat ion s i z e  and va r i ance  
(Seber 1973, p.  61)  are: 

h 

N = nl(n2+l)/(m2+1) 

T h e  r e su l t s  of t h e  Pe te r sen  Es t imate  (N), s tandard  d e v i a t i o n  (SI)), and 
upper (NU) and lower (NL) 95% confidence l imits  (from Pearson and Har t l ey  
1966, p. 228) f o r  each age/sex c l a s s  are shown i n  Table  2. An estimate of 
t h e  t o t a l  popula t ion  (excluding pups) and confidence l i m i t s  were obta ined  by 
summing t h e  s e p a r a t e  age/sex c l a s s  values .  

Petersen/Molt  Estimate 

The presence of animals  marked p r i o r  t o  t h e  molt ing season provided 
ano the r  oppor tun i ty  f o r  e s t ima t ing  t h e  1980 Laysan monk s e a l  populat ion.  
Since t h e  a c t u a l  number of seals which molted b e f o r e  our  depa r tu re  from 
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Table  2.--Petersen Estimate f o r  each age and 
sex  c lass  a t  Laysan I s l a n d ,  1980. 

Adult  Adult  I m m a t u r e  Immature  Yearl ing Year l ing  
male female male female male* female* To ta l  

n l  40 25 23 19 
n2 246 154 136 125 
m2 74 86 83 85 

h 

N 132 45 38 28 14 12  269 
SD 12.6 3.1 2.5 1.6 
NL 110 39 33 25 14 1 2  233 
Nu 160 53 44 32 14 12  315 

*The s i z e  of t h e  y e a r l i n g  populat ion was known, t h u s  N = NU = NL. 

Laysan was 
molted was 
on Laysan) 

known, and t h e  p ropor t ion  of a "marked" sample of seals which had 
a l s o  known, t h e n  t h e  t o t a l  r e s i d e n t  populat ion ( a l l  seals  molt ing . 
can b e  e s t ima ted  by: 

m2 n2 ,, n ln2  
- 3 -  o r  N = -  

n l  N m2 

where: 

n l  = t o t a l  number of marked animals 
n2 = t o t a l  number of seals known t o  have molted 
m2 = marked animals  known t o  have molted 
^N = es t ima ted  r e s i d e n t  populat ion.  

This  i s  t h e  same formula f o r  c a l c u l a t i o n  of t h e  Pe te r sen  Estimate, d i scussed  
i n  t h e  p rev ious  s e c t i o n .  

Methdbalogy.--For c a l c u l a t i o n  of t h e  Petersen/Molt  Estimate, t h e  n l  
sample of marked animals was comprised of a l l  uniquely s c a r r e d  o r  marked 
seals s e e n  by both  obse rve r s  du r ing  May. (Because a d u l t  males molted l a t e r  
than  t h e  o t h e r  age/sex classes, and because some a d u l t  males s t ayed  away from 
t h e  i s l a n d  f o r  ove r  a month a t  a t i m e ,  t h e  marked sample of a d u l t  males was 
t aken  from a l l  a d u l t  males seen during May and June.) O f  t h e  t o t a l  number of 
animals  which had s t a r t e d  t h e  molt  b y  16 September (n2) ,  a l l  were examined 
fo r  scars or  marks, and t h e  number of molted marked animals  determined (m2). 
Sampling was considered without  replacement,  as each molt ing seal  (whether 
marked o r  n o t )  could only be counted once i n  t h e  n2 sample. The formula f o r  
an unbiased estimate of N (from Seber 1973, p. 60) is: 
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4 

with a variance of: 

Results.--The results of thc'Petersen/Molt Estimate, with standard 
deviation (SD), upper (NU), and lower (NL) confidence limits, are listed in 
Table 3. 

Table 3 .--Petersen/Molt estimate for each age/sex 
class at Laysan Island, 1980. 

ADM ADF IMM IMF YM* YF* TOTAL 

nl 51 31 30 20 
n2 78 37 36 27 
m2 30 27 30 20 

N 132 42 36 27 14 12 263 
SD 11.6 1.5 0 0 
NL 100 37 36 27 14 12 2 26 
NU 182 55 45 3 4  14 12 3 42 

*The size of the yearling population was known, thus N = NU = NL. 

Summary of Estimates 

Table 4 compares the results of the 1980 Petersen and Petersen/Molt 
estimates with the 1980 Molt Summation count, and also presents the best 
population estimate from 1979 (from Johnson and Johnson 1981a). 

The best estimate (the one with the narrowest confidence limits) for 
the 1980 Laysan monk seal population is the Petersen Estimate. 
bility of the estimate is strengthened by its close agreement with the 
Petersen/Molt estimate results and the close agreement of both estimates 
with the Molt Summation count. Further, the Molt Summation count for imma- 
tures was within two animals (for each sex) of both estimates, indicating 
the resident population (defined a s  the seals which molted on Laysan) is 
the same as the number of seals using Laysan during earlier months. 

The relia- 
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Table 4.--Comparison of results from estimation techniques used in 1980 
with the best population estimate from 1979 on Laysan Island. 
each age/sex class include the estimate with the lower and upper confidence 
limits, when available. The yearling totals are not estimates, as the 
actual size of that age class was known. 

Numbers for 

A D M  ADP IPM IUF YM YF TOTAL IHN+YH IUF+YF 

Petersen Estimate 132 110-160 45 39-53 38 33-44 28 25-32 ( 1 4 )  ( 1 2 )  269 233-315 52 47-58 40 37-44 

Petersenlblt  132 100-1&2 42 37-55 36  36-45 27 27-34 ( 1 4 )  ( 1 2 )  263 226-342 50 50-59 39 39-46 

Molt Summation --- 38 38 29 ( 1 4 )  ( 1 1 )  5 2  40 
b 

1979 Estimate 148 103-241 4 4  38-58 46 34-72 35  25-58 ( 8 )  ( 9 )  290 217-446 5 4  42-80 4 4  34-67 

When compared with the 1979 estimates, the adult numbers fall well 
within the confidence limits of both years, indicating no significant change 
in the adult population. But within 1980, the lower confidence limit for the 
Petersen Estimate of adult females (early spring) was higher than the Molt 
Summation count (summer), indicating a serious decline occurred in the number 
of adult females using Laysan in 1980. 

Although the immature male and female confidence limits for both years 
overlap, the 1979 immature estimates for both sexes are greater than the 
upper confidence limits for 1980. But when the yearling count is added to 
the immature estimate for both years, there is no significant difference 
between years. 

Like the earlier 1979 data, the 1980 data indicate adult males 
outnumber adult females by approximately 3:1, while the immature sex ratio 
is almost equal. (Although immature males appear to outnumber immature 
females, sighting records of tagged animals indicate that most 7-year-old 
females are called adults, while most 7- and 8-year-old males are still 
classed as immatures. Further, even if an equal sex ratio were expected, a 
Chi-square analysis indicates that no significant difference exists between 
the observed frequencies (X2 = 1.2, df = 1, n.s.1.) 

Percentage Ashore 

The Petersen Estimate indicates the total 1980 Laysan seal population, 
excluding pups, was 269 seals. The mean count (excluding pups) for all 
censuses was 100 seals. Thus, on the average, just slightly more than one- 
third of the Laysan population was counted on censuses. 
during 1980 was 137, or approximately one-half the actual population. 

The maximum count 

. 

Figure 10 presents the semimonthly percent of the total population 
which was ashore during afternoon censuses. Figures 11 through 14 present 
the semimonthly percent ashore for each age/sex class. The total popula- 
tion estimates were taken from the 1980 Petersen Estimate except for adult 
females which were estimated at 42, the mean of the Petersen Estimate and 
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IMMATURE M A L E S  
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Figure 13.--Percent of immature males ashore on counts, 1980 
(mean and standard deviation). 
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Figure 14.--Percent of immature females ashore on counts, 1980 
(mean and standard deviation). 

the later Xolt Summation (this was done to compensate for the large number 
of adult females disappearing during 1980). The mean semimonthly counts 
(with standard deviations) were taken from censuses started between 1200 
and 1600 (Hawaii standard time). 
unsexed on these censuses. For the purposes of this summary, the sex of 
unsexed animals was estimated, by first correcting for the female-with-pup 
bias, and then by assuming that the proportion of males to females in the 
sexed animals was the same in the unsexed animals (with adults and 
immatures calculated separately, see Appendix C) .  

An average of 8% of the seals were 

For the period covered by the 1980 field season, adult males spent 
proportionately the least time ashore (30%) 
most time ashore (51%). Adult females spent about 42% of their time ashore, 
while about 40% of the immature females were ashore on counts. If data from 
the entire year were available this pattern might change, as seasonal varia- 
tion in percent ashore was seen in each age/sex class. 

while immature males spent the 
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D i s t r i b u t i o n  

S e a l s  d i d  n o t  u se  a l l  haul-out areas around Laysan I s l a n d  equa l ly .  The 
choice of haul-out area v a r i e d  w i t h  age, sex ,  and t i m e  of year.  

The beaches around Laysan d i f f e r e d  i n  s e v e r a l  ways, including:  amount of 
v e g e t a t i o n ;  exposure t o  t r a d e  winds; nea r shore  s u b s t r a t e  (sand o r  r e e f )  and 
water depth;  onshore s u b s t r a t e  (sand o r  rock) ,  and o t h e r  less obvious charac- 
t e r i s t i c s .  

During t h e  1977 f i e l d  season t h e  circumference of t h e  i s l a n d  was sub- 
d iv ided  i n t o  f o u r  "ecelogical"  u n i t s ,  roughly equal  i n  s i z e .  
were based p r i m a r i l y  on a v a i l a b i l i t y  of v e g e t a t i o n  and t h e  type  of nearshore  
s u b s t r a t e .  The areas and d e s c r i p t i v e  c h a r a c t e r i s t i c s  were: 

The d i v i s i o n s  

NORTH - 

WEST - 

EAST - 

SOUTH - 

wide beaches,  exposed t o  t r a d e  winds,  w i t h  l i t t l e  o r  no 
v e g e t a t i o n  a t  t h e  beach crest. 

narrow beaches,  on t h e  leeward s i d e  of t h e  i s l a n d ,  w i th  
numerous shallow r e e f  areas i n  t h e  nearshore waters, and 
v e g e t a t i o n  a t  t h e  beach crest. 

wide beaches,  w i th  a shallow rock l edge  extending t h e  l e n g t h  
of t h e  nea r shore  area and no v e g e t a t i o n  n e a r  t h e  beach 
c r e s t  . 
sand beaches i n t e r s p e r s e d  w i t h  rock l edges ,  rough s u r f ,  and 
some cover  a t  t h e  beach crest. 

F i g u r e  15  shows t h e  p ropor t ion  of seals  which used each area from March 
through August 1977, based on census counts.  F i g u r e  16  p r e s e n t s  comparable 
d a t a  from 1980. The u s e  of t h e  sou th  s h o r e  was s imilar  i n  bo th  years. Use 
of t h e  east  s h o r e  inc reased  about 10% i n  1980, whi le  bo th  t h e  west and n o r t h  
areas showed a 5% dec rease  i n  use. The s i g n i f i c a n c e  of t h i s  s h i f t ,  i f  any, 
is unknown. 

De ta i l ed  d a t a  on t h e  haul-out p a t t e r n s  f o r  each age/sex c lass  are 
a v a i l a b l e  only f o r  1980. With a high propor t ion  of seals sexed on censuses  
and t h e  i s l a n d  circumference d iv ided  i n t o  14 areas, it was p o s s i b l e  t o  iden- 
t i f y  haul-out p a t t e r n s  unique t o  d i f f e r e n t  segments of t h e  populat ion.  
F i g u r e  17 p r e s e n t s  a map of Laysan (from an  FWS aer ia l  photograph t aken  i n  
May of 1980) showing t h e  area breakdowns. Table  5 p r e s e n t s  t h e  percentage of 
seals i n  each age/sex c lass  u t i l i z i n g  each of t h e  14 areas. These d a t a  
i n d i c a t e  t h a t  a l l  age/sex classes,  except pups, p r e f e r r e d  t h e  n o r t h e a s t  
beaches (areas 5 and 6 )  b u t  t h e  second most u t i l i z e d  haul-out area v a r i e d  f o r  
each age/sex class. 

Over 30% of t h e  a d u l t  males hauled o u t  a long t h e  southwest co rne r  of t h e  
i s l a n d  (areas 11, 12, and 13). Th i s  same p a r t  of t h e  i s l a n d  was used by less  
than  4% of t h e  a d u l t  females  and about 10% of t h e  immature seals. A substan- 
t i a l  number of a d u l t  males a l s o  used area 14, which was a p r e f e r r e d  haul-out 
area fo r  mothers a t t e n d i n g  pups. However, males used t h i s  area mostly du r ing  
August and September (during t h e  a d u l t  male molt) ,  w e l l  a f t e r  t h e  pupping 
seas on. 
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F i g u r e  15.--Mean pe rcen t  a shore  i n  each of 
f o u r  areas on Laysan I s l a n d ,  1977. 
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F i g u r e  16.--Hean pe rcen t  a s h o r e  i n  each of 
f o u r  areas on Laysan I s l a n d ,  1980. 

I n  a d d i t i o n  t o  areas 5 and 6 ,  a d u l t  females  were found p r i m a r i l y  i n  
areas 2,  3, 4,  and 14. I f  a l l  s i g h t i n g s  of females a t t e n d i n g  pups are  
excluded, t h e  percentage of females us ing  areas 2 and 14 ( t h e  major pupping 
areas) decreased w h i l e  t h e  percentage of a d u l t  females us ing  areas 5 and 6 
increased.  It appears  t h a t  t h e  s e l e c t i o n  of rookery areas i s  n o t  based on 
t h e  same f a c t o r s  a f f e c t i n g  cho ice  of haul-out area a t  o t h e r  times of t h e  
year. 

Immature males used areas 5 and 6 p r i m a r i l y ,  w i t h  t h e  next  h i g h e s t  num- 
b e r s  found i n  areas 4, 9, and 10. The i m m a t u r e  males were t h e  only age/sex 
c lass  t o  haul  o u t  i n  s u b s t a n t i a l  numbers on exposed rocks ,  10  t o  40 m away 
from t h e  beach along t h e  shal low rock l edge  area of t h e  east  s h o r e  (areas 9 
and 10). Seven pe rcen t  of t h e  subadu l t  male s i g h t i n g s ,  4% of t h e  j u v e n i l e  
male s i g h t i n g s ,  and 10% of t h e  y e a r l i n g  male s i g h t i n g s  were of animals on 
o f f s h o r e  rocks.  Overall, 7X of immature male s i g h t i n g s  were of animals 
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Figure 17.--Map of Laysan Island taken from a e r i a l  photograph 
(FWS 1980) showing circumference divided i n t o  14  areas.  
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Table 5.--Percentage of each age/sex class and the total number 
of seals using the various areas on Laysan Island; based on mean 
monthly census counts in 1980. 
---C--------L-------___________L________------------------ 

1 5 4 3 4 5 5 6 
2 4 13 8 3 5 23 12 
3 5 11 10 3 4 13 10 
4 4 10 12 * 11 8 7 15 
5 11 13 18 18 27 3 S 
6 15 21 29 17 24 6 8 
7 2 6 4 6 6 11 3 
8 1 2 2 3 2 2 2 
9 2 2 2 10 3 1 4 
10 6 3 3 12 6 5 6 
11 14 1 1 4 4 0 1 
12 10 1 2 2 3 0 1 
13 10 2 1 .  5 2 2 15 
14 11 12 7 3 3 24 9 

5 
6 
6 
9 

15 
16 
5 
2 
5 
7 
7 
4 
7 
8 

hauled out on offshore rocks or sleeping in the water beside the rocks. 
Age/sex structure data based on counts which include animals using the off- 
shore rocks should therefore not be compared with data which exclude these 
animals. 

Over 50% of the itmnature females hauled out in areas 5 and 6 .  Area 4 
was the only other area used by more than 6% of the immature females. 
1 X  of immature female sightings were of animals resting on or near exposed 
off shore rocks. 

(Only 

Areas 2 and 14 were the areas most often selected by females attending 
pups, but a substantial number of mothers with nursing pups were also found 
in areas 3 and 7. After weaning, pups continued to use the same areas (with 
the exception of area 7 )  and also began t o  congregate in areas 4 and 13. 
These latter areas had protected pools of water near shore which attracted 
many newly weaned pups. 
agelsex class not found in substantial numbers in areas 5 and 6 .  

Pups, both suckling and weaned, were the only 

Other than the seasonal changes just mentioned, the haul-out patterns 
for the different age/sex classes were generally consistent throughout the 
field season. 

Molt 

Seasonal Patterns 

The molting season began in April when the first adult and subadult 
females started to molt and continued at least into December when a few 
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molt ing  a d u l t  males  and y e a r l i n g s  were seen  (no v i s i t s  were made t o  Laysan 
i n  January o r  e a r l y  February) .  It i s  p o s s i b l e  t h a t  s e a l s  molted i n  a l l  
months of t h e  y e a r  as t h e  molt  w a s  delayed i n  some animals  w i t h  i n j u r i e s  o r  
apparent  i l l n e s s e s ,  and a d u l t  females  having pups l a t e  i n  t h e  y e a r  would 
molt  2 t o  3 months a f t e r  weaning t h e i r  pups ( t h e  normal de l ay  f o r  p a r t u r i e n t  
females) .  

The molt  f o r  i n d i v i d u a l  s e a l s  ( t h e  pe r iod  of v i s i b l e  h a i r  l o s s )  aver-  ' 

aged 9 days.  The mol t ing  season  f o r  t h e  v a r i o u s  segments of t h e  popu la t ion  
d i f f e r e d ,  w i th  l i t t l e  ove r l ap  between sane age / sex  groups.  
every s e a l  mol t ing  on Laysan are a v a i l a b l e  f o r  t h e  A p r i l  through e a r l y  
August pe r iod  of 1979, and t h e  A p r i l  through e a r l y  September p e r i o d  of 1980. 

Molt d a t e s  f o r  

The fo l lowing  10 f i g u r e s  p r e s e n t  d a t a  on t h e  number of mol t ing  s e a l s  
seen  through mid-September. Each d a t a  p o i n t  r e p r e s e n t s  t h e  number of s e a l s  
which reached t h e  midpoint  of t h e i r  molt  (50% of t h e  o l d  h a i r  shed)  du r ing  
a p a r t i c u l a r  semimonthly pe r iod .  (Using a midmolt d a t e  reduced t h e  chance 
of miss ing  s e a l s  a t  e i t h e r  t h e  beginning o r  f i n a l  s t a g e s  of t h e  mol t . )  

Because of t h e  r e l a t i v e l y  sma l l  number of s e a l s  which molt  du r ing  each 
semimonthly pe r iod  ( p a r t i c u l a r l y  when t h e  age / sex  c l a s s e s  a r e  s e p a r a t e d ) ,  
cons ide rab le  v a r i a t i o n  i s  1 ike ly . f rom yea r  t o  y e a r .  To i n c r e a s e  sample 
s i z e ,  molt  d a t a  from 1979 and 1980 have been combined. 
a l s o  p re sen ted  s e p a r a t e l y  t o  show t h e  p a t t e r n  through mid-September a s  no 
d a t a  a r e  a v a i l a b l e  a f t e r  mid-August of 1979.) 

(Data  from 1980 a r e  

F igu re  18  p r e s e n t s  t h e  semimonthly s i g h t i n g s  of mol t ing  s e a l s  on Lay- 
san. Few s e a l s  of any a g e / s e x  c l a s s  molted i n  A p r i l  o r  May. 
mol t ing  s e a l s  i nc reased  r a p i d l y  dur ing  June, showed a s l i g h t  d e c l i n e  i n  
J u l y ,  and t h e n  inc reased  a g a i n  i n  August. 
t o  a d u l t  males.  F igure  19  shows t h a t  exc luding  a d u l t  males  changes t h e  
upward t r e n d .  

The number of 

The August r i se  was due p r i m a r i l y  

The t iming  of molt  f o r  a d u l t  females  was somewhat dependent on t h e i r  
r ep roduc t ive  s t a t u s .  The o v e r a l l  p a t t e r n  f o r  a d u l t  females  i s  shown i n  
F igu re  20. Nonpar tur ien t  females  began t o  mol t  i n  A p r i l ,  w i t h  t h e  m a j o r i t y  
mol t ing  i n  l a t e  June (F ig .  21) .  
t h e i r  pups were weaned, w i th  t h e  m a j o r i t y  mol t ing  i n  l a t e  J u l y  and e a r l y  
August (F ig .  22) .  

P a r t u r i e n t  f ema les  d i d  no t  molt  u n t i l  a f t e r  

Subadul t  females  showed a mol t ing  season  s imilar  t o  t h a t  of t h e  nonpar- 
t u r i e n t  females ,  w i th  t h e  g r e a t e s t  f requency of m o l t e r s  seen  i n  June  (F ig .  
23) .  Subadul t  males  molted l a t e r  than  subadu l t  females ,  w i th  t h e  o n s e t  of 
molt  i n  June and t h e  peak o c c u r r i n g  i n  J u l y  and e a r l y  August (F ig .  24) .  

J u v e n i l e  s e a l s  and y e a r l i n g s  showed l e s s  s ex  d i f f e r e n c e  i n  mol t ing  
season than  o t h e r  age c l a s s e s .  J u v e n i l e s  of bo th  sexes  began mol t ing  i n  
e a r l y  June,  w i th  t h e  g r e a t e s t  number of mol t ing  j u v e n i l e s  s een  i n  l a t e  June 
(F ig .  25 and 26). The sample s i z e  of mol t ing  y e a r l i n g s  was t o o  sma l l  t o  
s e p a r a t e  males  from females .  Adding t h e  molt  d a t a  f o r  bo th  sexes  shows a 
l a t e r  molt  than  t h e  o l d e r  an imals  a l r e a d y  d e s c r i b e d ,  wi th  t h e  h i g h e s t  number 
of mol t ing  y e a r l i n g s  n o t  s een  u n t i l  August (F ig .  27) .  The on ly  age c l a s s  
s t i l l  mol t ing  i n  l a r g e  numbers when t h e  y e a r l i n g s * m o l t e d  were t h e  a d u l t  
males.  
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Figure 18.--The number of s e a l s  which molted (based on 
midmolt dates)  during each semimonthly period. 
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Figure 20.--The number of s e a l s  which molted (based on 
m i d m o l t  dates)  during each semimonthly period. 
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Figure 21.--The number of s e a l s  which molted (based on 
midmolt dates)  during each semimonthly period. 
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Figure 22.--The number of s e a l s  which molted (based on 

midmolt dates)  during each semimonthly period. 
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Figure 23.--The number of s e a l s  which molted (based on 
midmolt dates)  during each semimonthly period. 
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Figure 24.--The number of s ea l s  which molted (based on 
midmolt dates) during each semimonthly period. 
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Figure 25.--The number of s e a l s  which molted (based on midmolt 
dates) during each semimonthly period. 
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Figure  27.--The number of s e a l s  which molted (based on midmolt 
d a t e s )  dur ing  each semimonthly per iod.  

The 1979 and 1980 f i e l d  seasons d id  not  cont inue  through t h e  a d u l t  male 
molt ing season,  so d a t a  from 1978 are presented  i n  Figure 28. 
d a t a  p re sen ted  f o r  t h e  o t h e r  age /sex  c l a s s e s ,  t h e s e  numbers a r e  based on t h e  
mean number of molt ing  seals seen on t h e  censuses  ( a  complete l i s t i n g  of a l l  
molt ing s e a l s  was no t  c o l l e c t e d  i n  1978). Adult males d id  no t  begin t o  molt 
u n t i l  August, w i t h  t h e  number of molt ing s e a l s  reaching  a peak i n  l a t e  
September. 
October 13.) 
a d u l t  and a d u l t  females ,  t h e r e  was l i t t l e  ove r l ap  i n  mol t ing  season  f o r  
a d u l t  and subadul t  males.  
p o t e n t i a l l y  be u s e f u l  i n  d i s t i n g u i s h i n g  between r ep roduc t ive  and nonrepro- 
duct  i v e  males. 

Unlike t h e  

(The e a r l y  October "mean" i s  based on a s i n g l e  count made on 
Unlike t h e  s i m i l a r i t y  i n  mol t ing  p a t t e r n s  seen between sub- 

This  d i f f e r e n c e  ( r e f l e c t e d  i n  t h e  coa t  c o l o r )  can 
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Figure  28.--Mean number of molt ing a d u l t  males seen  on censuses ,  1978. 
(October d a t a  based on one count . )  
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Island Usage 

Table 6 presents data on the percentage of each age/sex class which 
molted in the various areas around Laysan (based on 1980 counts). 

Table 6.--Comparison between the percentage of each age/sex class molting in 
the various areas of Laysan with the distribution throughout the year, 1980. 

Areas 
Adult-Males 
Mo 1 t Tc tal 

Adult-Females Immatxre-Males Immature-Females 
Molt Total Molt Total Molt Total 

1+2 
3+4 
5+6 
7+8 
9+10 
11+12 
13+14 

8 9 
0 9 
14 26 
2 3 
7 8 
26 24 
42 21 

8 16 4 7 11 10 
20 21 10 13 10 12 
43 34 42 35 43 52 
7 8 15 9 12 7 
9 5 7 22 14 9 
0 2 7 6 3 6 
14 14 15 8 8 5 

Over 40% of all sightings of molting adult females, immature males, and 
immature females occurred in areas 5 and 6. Areas 5 and 6 were also the areas 
most frequently used by these age/sex classes for haul out in 1980. 
with the exception of a substantial reduction in the usage of areas 9 and 10 
by molting immature males, the distribution of molting adult females and imma- 
tures of both sexes was similar to their distribution throughout the year. 

Overall, 

This was not true for adult males. The greatest number of adult males 
molted in areas 13 and 14 (42x1, twice the percentage of adult males normally 
hauled out in those areas. The increased use of areas 13 and 14 corresponded 
to a reduction in use of areas 3 through 6, the areas used by the greatest 
number of molting seals from the other age/sex classes. 

Reproduction 

Sexual Maturity: Females 

No pups born during the study had reached reproductive size by 1980. 
Only two females from the 1977 pup cohort were still alive and recognizable 
in 1980 (as 3-year-old seals); one was consistently classified as a 
juvenile and the other was generally classed as a subadult. 

Tag numbers of 10 females marked prior to 1972 were read in 1977. 
Data from one of these females have been excluded as the animal was not 
resighted after the first day of the study. (Tag numbers are listed in 
Appendix I>.> 
old in 1977. 
6 years old produced pups, while one of the two 7-year-old seals did have a 
pup. All tagged females 7 or older were consistently classified as 
adult size when observed, whereas the females seen when 5 or 6 years old 

The ages of the remaining animals ranged from 5 to 11 years 
As Table 7 shows, neither of the two females seen when 5 or 
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Table 7.--Number of births to known-age females between 1977 
and 1980 on Laysan Island. 

Age of Female 
5 6 7 8 9 10 11 12 13 14 

With Pups 0 0 1 1 1  3 3 3 0 1  
Without Pups 2 1 1 1 3  3 2 0 1 0  

Total Sample 2 1 2 2 4  6 5 3 1 1 
- 

were recorded as subadult size. Additionally, of the six small juvenile 
females (probably 1- or 2-year-old seals) identified in 1977 and seen 
through 1980, none had produced pups by 1980. 

From these limited data it appears age at first reproduction for 
female Hawaiian monk seals (as measured by the birth of the first pup) may 
not occur until age seven or later. 
females which died on Laysan during the study, including a known-age 4-year- 
old female were given to NMFS for analysis. 
sexual maturity will become available when analysis of reproductive tracts 
and tooth sections from these animals is completed.) 

(Materials from subadult and adult 

Additional information on 

Sexual Maturity: Males 

It was more difficult to measure age at first reproduction for male 

A subjective age was recorded for the six tagged 
monk seals as sexual maturity of males did not result in an observable 
event such as a birth. 
males seen during the study, based on size and the presence or absence of 
reproductive behaviors normally shown by adult males (tag numbers are 
included in Appendix D). As Table 8 shows, males generally did not exhibit 
typical "courtship" behavior until 8 or 9 years old, although it is pos- 
sible that physiological maturity occurred earlier. Of the three males 
still sighted from the 1977 pup cohort in 1980, one was generally listed as 
a subadult, while the other two were usually classified as juveniles. 

Table 8.--Subjective age classification of tagged, known- 
age males between 1977 and 1980 on Laysan Island. 

Age of Males 
5 6 7 8 9 

Subadult 2 3 3 3 0 
Adult 0 0 1 1 3 
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A p o t e n t i a l l y  u s e f u l  means of i d e n t i f y i n g  s e x u a l  m a t u r i t y  i n  males  i s  
by t h e  t iming  of t h e i r  molt .  
ove r l ap  i n  mol t ing  seasons ,  a s  a l l  but 5% of t h e  subadu l t  males  had com- 
p l e t e d  t h e i r  molt  by t h e  end of August, when t h e  f i r s t  a d u l t  males  were 
beginning t o  mol t .  

Subadul t  and a d u l t  males  showed minimal 

Reproduct ive Rate  

Ovula t ion  and pregnancy r a t e s  could n o t  be determined from observa- 
t i o n s  of monk s e a l s  on Laysan, t h e r e f o r e  r e p r o d u c t i v e  success  f o r  females  
was measured by t h e  b i r t h  of a pup. 
c a r e  should be t aken  t o  compare on ly  s imilar  d a t a .  

I n  comparisons w i t h  o t h e r  s p e c i e s ,  

There a r e  s e v e r a l  ways t o  e s t i m a t e  t h e  r e p r o d u c t i v e  r a t e  of t h e  Laysan 
popula t ion .  Four d i f f e r e n t  approaches w i l l  be p re sen ted .  

Tagged-females.--The r e p r o d u c t i v e  s t a t u s  was determined f o r  n i n e  
tagged females ,  ranging  i n  age from 5 t o  11 y e a r s  o l d  i n  1977. Of t h e  fou r  
females  s t i l l  be ing  seen  i n  1980, t h e  youngest was 10 yea r s  o l d ,  t h e  o l d e s t  
14. S i g h t i n g  r e c o r d s  p re sen ted  i n  Table 7 show t h e  change i n  f requency  of 
pupping w i t h  age. Of t h e  1 4  s i g h t i n g s  of females  aged 7 through 10 ,  43% 
had pups (5- and 6-year-old an imals  were excluded a s  they  were c l a s s i f i e d  
a s  subadu l t  i n  s i z e ) .  Of t h e  1 0  s i g h t i n g s  of females  11 through 14 ,  70% 
pupped. While t h i s  d i f f e r e n c e  i n d i c a t e s  an  i n c r e a s e d  f e r t i l i t y  w i t h  age,  
t h e  sample s i z e  i s  t o o  sma l l  t o  t e l l  i f  t h e  t r e n d  i s  s i g n i f i c a n t .  The 
o v e r a l l  r e p r o d u c t i v e  success  was 13 pups t o  24 a d u l t s ,  o r  54%. As t h e  
Tagged-female sample i s  sma l l ,  and inc ludes  on ly  an imals  up t o  age  1 4 ,  i t  
i s  probably no t  r e p r e s e n t a t i v e  of t h e  t o t a l  popu la t ion .  

Estimated-females.--Population e s t i m a t e s  f o r  a d u l t  females  du r ing  t h e  
pupping season  provide  a n o t h e r  means of c a l c u l a t i n g  r e p r o d u c t i v e  r a t e .  
Popu la t ion  e s t i m a t e s  a r e  on ly  a v a i l a b l e  f o r  1979 and 1980 ( t h e  e s t i m a t e s  
wi th  t h e  nar rowes t  confidence l i m i t s  were used for each y e a r ) .  During 
1979, 3 2  pups were born t o  an  e s t ima ted  a d u l t  female  popu la t ion  of 44 
(Table  4 ) .  
t i o n  of 45 an imals  ( P e t e r s e n  Es t ima te ,  Table  4 ) .  Using t h e s e  numbers, t h e  
e s t ima ted  r e p r o d u c t i v e  r a t e  f o r  1979 was 73%, wi th  a range  of 55 t o  84% 
( u s i n g  t h e  lower and upper confidence l i m i t s  f o r  t h e  a d u l t  female e s t i -  
mate) .  The e s t i m a t e  was a l s o  73% f o r  1980, w i th  a range  of 60 t o  89%. The 
d i sadvan tages  of t h i s  approach i n c l u d e :  t h e  wide range  of t h e  e s t i m a t e  (due 
t o  t h e  conf idence  l i m i t s  of t h e  a d u l t  female e s t i m a t e ) ;  a c e r t a i n  degree  of 
s u b j e c t i v i t y  i n h e r e n t  i n  dec id ing  which females  t o  c l a s s  as a d u l t ;  and t h e  
a v a i l a b i l i t y  of t h e  e s t i m a t e  f o r  on ly  2 yea r s .  

I n  1980, 33 pups were born t o  an  e s t i m a t e d  a d u l t  female  popula- 

Identified-females.--Table 9 p r e s e n t s  y e a r l y  r e p r o d u c t i v e  r a t e s  f o r  
w e l l - i d e n t i f i e d  females  seen ,  and c l a s s e d  as a d u l t  s i z e ,  i n  a t  l e a s t  3 
yea r s  of t h e  s tudy  ( d a t a  t aken  from Appendix E ) .  
r a t e  f o r  t h e  4 y e a r s  was 64%. The d a t a  f o r  t h e  i n d i v i d u a l  y e a r s  i n d i c a t e  
an i n c r e a s e  i n  r ep roduc t ive  success  occurred  du r ing  t h e  s tudy .  When d a t a  
from 1977 a r e  combined w i t h  1978 ( f o r  a 57% r e p r o d u c t i v e  r a t e ) ,  and d a t a  
from 1979 w i t h  1980 ( f o r  a 72% r a t e ) ,  Chi-square a n a l y s i s  shows a 
s i g n i f i c a n t l y  lower pupping r a t e  f o r  t h e  f i r s t  2 y e a r s  of t h e  s tudy  than  
f o r  t h e  l a s t  2 y e a r s  (x2 = 4.01, pC0.05). 
t h e  advantage of a l a r g e  sample s i z e  and cove r s  t h e  e n t i r e  4-year s tudy  

The o v e r a l l  r e p r o d u c t i v e  

The Iden t i f i ed - fema le  sample has  
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per iod .  One d isadvantage  of t h i s  sample i s  t h e  s u b j e c t i v i t y  of s i z e  c l a s -  
s i f i c a t i o n .  A second d isadvantage  i s  t h e  i n c r e a s e d  age over  t ime,  a s  
animals  had t o  have known rep roduc t ive  h i s t o r i e s  i n  a t  l e a s t  3 yea r s .  This  
requirement  d i d  n o t  a l low r e c r u i t m e n t  a f t e r  1978 o r  m o r t a l i t y  b e f o r e  1 9 8 0 .  
A s  a check on t h e  degree  of t h i s  l a t t e r  problem, a pupping r a t e  was ca lcu-  
l a t e d ,  based on  t h e  number of pups born t o  w e l l - i d e n t i f i e d  females  seen  i n  
1980.  This sample inc ludes  a l l  females  of r e p r o d u c t i v e  s i z e  i n  t h a t  y e a r ,  
no t  j u s t  animals  of a d u l t  s i z e  i n  prev ious  yea r s .  The r e s u l t i n g  reproduc- 
t i v e  r a t e  of 75% ( 3 0  pups born t o  40 a d u l t  f ema les )  i s  on ly  s l i g h t l y  lower 
than  t h e  79% presen ted  i n  Table 9 f o r  1 9 8 0 ,  i n d i c a t i n g  t h e  i n c r e a s e d  age of 
t h e  Iden t i f i ed - fema le  sample was n o t  s o l e l y  r e s p o n s i b l e  f o r  t h e  i n c r e a s e d  
r ep roduc t ive  r a t e .  

Table 9.--Yearly r ep roduc t ive  r a t e s  f o r  females  seen  and 
c l a s s e d  a s  a d u l t  i n  a t  l e a s t  3 yea r s  on Laysan I s l a n d .  

T o t a l  
Year B i r t h s  Females Rate  

1977 
1978 
1979 
1980 

23 
2 4  
29  
27 

3 9  
4 4  
44 
3 4  

0 . 5 9  
0 .55  
0 .66  
0 .79  

To t a l  s 103 161  0 . 6 4  

Mature-females.--Some v a r i a b i l i t y  due t o  t h e  s u b j e c t i v i t y  of age c l a s -  
s i f i c a t i o n  can be e l imina ted  by inc lud ing  on ly  t h o s e  females  known t o  be 
mature by a prev ious  b i r t h .  The Mature-female sample inc luded  a l l  females  
pupping i n  1 9 7 7 ,  1 9 7 8 ,  o r  1979 t h a t  were seen  i n  a t  l e a s t  one a d d i t i o n a l  
year .  
c a l c u l a t i o n s .  
i n  y e a r s  2 through 4 .  Animals f i r s t  observed pupping i n  1977 have up t o  3 
yea r s  d a t a ,  whereas females  f i r s t  observed pupping i n  1979 a r e  inc luded  i n  

The d a t a  f o r  t h e  f i r s t  observed b i r t h  ( y e a r  1 )  a r e  excluded from t h e  
Table 1 0  p r e s e n t s  t h e  sample s i z e  and t h e  pe rcen tage  pupping 

Table 10.--Reproductive s t a t u s  of females  i n  y e a r s  fo l lowing  t h e  f i r s t  
observed b i r t h .  
of a d u l t  females  (N), and percentage  pupping ( X I .  

Data f o r  each y e a r  i nc lude  numb%r of pups born (No.), number 

F i r s t  Year 2 Year 3 Year 4 To t a l  s 
B i r t h  No. N % No. N % No. N % No. N % 

1977 15  27 56 18 23 7 8  1 5  1 9  7 9  48 6 9  7 0  
1 4  21 67 1978 6 1 2  50 8 9 89 

1979 2 3 67 ---- 2 3 67 
---- ---- 

6 4  93 6 9  T o t a l s  23 42 55 26 3 2  81 1 5  1 9  7 9  
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only  1 year .  The r ep roduc t ive  r a t e  i nc reased  d r a m a t i c a l l y  from y e a r  2 t o  
yea r s  3 and 4,  w i th  an o v e r a l l  r ep roduc t ive  s u c c e s s  f o r  y e a r s  2 through 4 
of 64  b i r t h s  t o  93 female s i g h t i n g s ,  o r  69%. (Reproduct ive  p a t t e r n s  f o r  
i n d i v i d u a l  s e a l s  a r e  l i s t e d  i n  Appendix E.) 

Previous  o b s e r v a t i o n  of Hawaiian monk s e a l s  had sugges ted  t h a t  a l a r g e  
p r o p o r t i o n  of monk s e a l  females  missed pregnancy i n  t h e  yea r  fo l lowing  a 
b i r t h  (R ice  1960) .  
lower, a s  a l l  females  i n  t h e  sample pupped i n  y e a r  1. Tes t ing  whether  t h e  
p r o b a b i l i t y  of pupping i n  yea r  2 i s  independent of r ep roduc t ive  s t a t u s  i n  
yea r  1 i s  p o s s i b l e  by comparing t h e  observed f requency  of pupping ( f o r  
females  seen  i n  3 consecut ive  y e a r s )  a g a i n s t  t h e  expected f r e q u e n c i e s  of 
a binomial  d i s t r i b u t i o n .  A s  can be  seen i n  Tabie  11, t h e r e  i s  no  s i g n i f i -  
can t  d i f f e r e n c e ;  t h u s  r ep roduc t ion  i n  yea r  2 can be cons idered  independent  
of p rev ious  r ep roduc t ive  s t a t u s .  

I f  t r u e ,  t hen  t h e  yea r  2 r e p r o d u c t i v e  r a t e  would be 

Defining m a t u r i t y  by t h e  a c t u a l  b i r t h  of a pup gua ran tees  t h a t  a l l  
animals  i n  t h e  sample a r e  capable  of r ep roduc t ion ;  however, it a l s o  r a i s e s  
t h e  age of t h e  an imals  used t o  c a l c u l a t e  t h e  r e p r o d u c t i v e  r a t e ,  and e l imi -  
n a t e s  i n f e r t i l e  an imals ,  r e s u l t i n g  i n  a h i g h e r  r e p r o d u c t i v e  ra te  t h a n  f o r  
t h e  popu la t ion  as a whole. 

Table 11.--Observed and Expected number of females  showing each of fou r  
r ep roduc t ive  p a t t e r n s ,  i nc lud ing  only  females  known t o  be mature  which were 
seen  i n  a t  l e a s t  3 y e a r s  on  Laysan I s l a n d  (P  = pup, N = no-pup). 

Ob 8 e yv e d Expected 

PPP 
PPN 
PNP 
PNN 

13 
2 

13 
5 

12.7 
7.8 
7.8 
4.5 

x2 = 4.7 p = n.6. 

Discussion.--Table 1 2  summarizes t h e  r e s u l t s  from t h e  f o u r  reproduc-  
t i v e  r a t e  e s t i m a t e s .  Of t h e  f o u r ,  t h e  Tagged-female e s t i m a t e  i s  t h e  l e a s t  
r e l i a b l e  due t o  smal l  sample s i z e  and n o n r e p r e s e n t a t i v e  age s t r u c t u r e .  Of 
t h e  o t h e r  t h r e e  e s t i m a t e s ,  t h e  one most l i k e l y  t o  be r e p r e s e n t a t i v e  of t h e  
pupping r a t e  between 1977 and 1980 i s  t h e  Iden t i f i ed - fema le  sample. The 
o v e r a l l  r ep roduc t ive  r a t e  f o r  t h e  sample, 64%, was based on a l a r g e  sample 
s i z e  cover ing  a l l  4 y e a r s  of t h e  s tudy .  

Support  f o r  t h e  accuracy  of t h e  Iden t i f i ed - fema le  e s t i m a t e  i s  provided 
Comparison w i t h  t h e  Mature-female by comparisons wi th  t h e  o t h e r  e s t i m a t e s .  

e s t i m a t e  (69%) shows t h e  Iden t i f i ed - fema le  e s t i m a t e  t o  be s l i g h t l y  lower. 
This  i s  r easonab le  a s  n u l l i p a r o u s  females  (young a d u l t s  and i n f e r t i l e  an i -  
mals )  a r e  excluded from t h e  Mature-female sample but  a r e  inc luded  i n  t h e  
Iden t i f i ed - fema le  sample. Comparing t h e  Iden t i f i ed - fema le  e s t i m a t e  f o r  1979 
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Table 12.--Reproductive s u c c e s s  estimates f o r  t h e  Hawaiian monk seal  
popu la t ion  on  Laysan I s l a n d ,  1977 through 1980. 

Sample Range N Overall Rate 

Tagged-females 7-10 y e a r s  = 43% 1 4  
11-14 y e a r s  = 70% 1 0  5 4% 

Estimated-females 1979 = 55 - 84% 44 
1980 60 - 89% 45 3 3% 

~~ 

Ma t u r  e-f emales Year 2 = 55% 42 
Years 3+4 = 80% 32 6 9% 

Iden t i f i ed - fema les  1977 = 59% 39 
1978 = 55% 44 

- 1979 = 66% 44 
1980 = 79% 34  6 4% 

and 1980 combined (72%) w i t h  t h e  estimate from t h e  Estimated-female sample 
f o r  t h e  same y e a r s  (73%) ,  shows t h e  two estimates a re  ve ry  c l o s e .  

Data from t h e  Iden t i f i ed - fema le  sample show a s i g n i f i c a n t  i n c r e a s e  i n  
r e p r o d u c t i v e  success  between t h e  f i r s t  2 y e a r s  of t h e  s tudy  and t h e  l as t  
2 yea r s .  I f  i nc reased  age were r e s p o n s i b l e  f o r  t h e  i n c r e a s e d  r e p r o d u c t i v e  
ra te ,  t h e  Iden t i f i ed - fema le  sample should o v e r e s t i m a t e  t h e  r e p r o d u c t i v e  
success  i n  1979 and 1980. The c l o s e  agreement between t h e  Iden t i f i ed - fema le  
and t h e  Estimated-female r a t e s  f o r  t h e s e  y e a r s ,  however, i n d i c a t e  t h e  e f f e c t  
of i nc reased  age w i t h i n  t h e  sample w a s  n e g l i g i b l e .  

F u r t h e r  evidence f o r  an  i n c r e a s e  i n  pupping r a t e  du r ing  t h e  s tudy  i s  

by t h e  mean mid-March through mid-August census coun t s ,  excluding 
provided by t h e  crude b i r t h  r a t e  ( c a l c u l a t e d  by d i v i d i n g  t h e  y e a r l y  pup pro- 
duct  i o n  

0.35 i n  
pups) 0 These d a t a  show a change from 0.27 i n  b o t h  1977 and 1978 t o  0.34 and 

1979 and 1980 r e s p e c t i v e l y  (Table  1 3 ) .  

Table 13.--Yearly crude b i r t h  r a t e  (b i r th s /mean  count)  f o r  
1977 through 1980 on Laysan I s l a n d .  

- ~~~~~ ~ ~ 

Year No. of B i r t h s  Mean count  B i r t h  r a t e  

1977 42 1 56 0.27 
1978 29 106 0.27 
1979 32  94 ' 0.34 
1980 33 95 0.35 
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F a c t o r s  which could have r e s u l t e d  i n  an  inc reased  f e r t i l i t y  r a t e  
inc lude  t h e  f o  1 lowing. 

1. I l l n e s s e s  a s s o c i a t e d  w i t h  t h e  1978 die-off could have inc reased  
t h e  number of missed pregnancies  o r  a b o r t i o n s  during 1977 and 1978 
( a l though  only one abor t ed  f e t u s  was found i n  1977 and none i n  1978). 

2. The die-off  of 1978 could have r e s u l t e d  i n  changes i n  t h e  age 
d i s t r i b u t i o n  of a d u l t  females.  I f  t h e  animals a f f e c t e d  by t h e  
1978 die-off  were p r i m a r i l y  t h e  youngest and t h e  o l d e s t  animals 
( t h e  females t h a t  would be expected t o  have t h e  lowest f e r t i l i t y  
r a t e s ) ,  t h i s  could have c o n t r i b u t e d  t o  t h e  i n c r e a s e  i n  r ep roduc -  
t i v e  ra-te seen i n  1979 and 1980. 

3. The changes i n  r ep roduc t ive  success  could be d e n s i t y  dependent, 
w i t h  t h e  h ighe r  r ep roduc t ive  ra tes  i n  1979 and 1980 a response t o  
t h e  35% decrease i n  seal numbers from 1977 l e v e l s .  

Add i t iona l  r e s e a r c h  i s  needed t o  i d e n t i f y  which f a c t o r s  a f f e c t  repro- 
d u c t i v e  rates i n  t h e  monk seal. Taken as a whole, t h e  d a t a  from Laysan 
i n d i c a t e  pupping ra tes  f o r  t h e  s p e c i e s  are v a r i a b l e  and may have t h e  poten- 
t i a l  t o  respond qu ick ly  t o  changes i n  t h e  environment. 

I n t e r v a l  Between B i r t h s  

Based on o b s e r v a t i o n s  a t  Midway from 1957 t o  1959, Rice (1960) r epor t ed  
t h a t  a h igh  p r o p o r t i o n  of monk seal females missed pregnancy fol lowing a 
b i r t h .  A s  shown by t h e  Mature-female sample p rev ious ly  desc r ibed ,  t h i s  was 
n o t  t h e  case  on Laysan. Data from Laysan show a v a r i e t y  of r ep roduc t ive  
p a t t e r n s .  One female pupped i n  a l l  4 y e a r s  and was photographed w i t h  a pup 
i n  1976 (by DeLong, NMFS, S e a t t l e )  f o r  a t o t a l  of f i v e  consecut ive b i r t h s .  
Another female w a s  known no t  t o  have pupped i n  any of t h e  4 y e a r s  of t h e  
s tudy ,  a l though  appearing a d u l t  s i z e  i n  a photograph from 1976 (DeLong, 
NMFS, S e a t t l e ) ,  as w e l l  as f u l l y  a d u l t  s i z e  throughout our study. 

On Laysan, females pupping i n  consecut ive y e a r s  g e n e r a l l y  pupped l a t e r  
i n  t h e  second year .  
20.62, N = 60). A l l  i d e n t i f i e d  females pupping i n  consecut ive y e a r s  were 
included i n  t h i s  sample. The mean i n t e r v a l  between t h e  end of l a c t a t i o n  f o r  
t h e  female (whether due t o  pup 's  dea th ,  disappearance,  o r  normal weaning) 
and b i r t h  t h e  fol lowing y e a r  was 347.3 days (SD = 20.64, N =6 0) .  
females had f u l l  t e r m  pups i n  4 consecut ive y e a r s  (one a d d i t i o n a l  female 
pupped i n  3 y e a r s ,  but abor t ed  i n  t h e  f o u r t h ) .  For t h e s e  s i x  females,  t h e  
b i r t h  d a t e s  i n  1980 ranged from 38 t o  99 days l a t e r  than  i n  1977. 
change i n  b i r t h  d a t e  between 1977 and 1980 w a s  62 days,  w i t h  each success ive  
b i r t h  averaging 15.5 days la te r .  Wirtz (1968) r epor t ed  a mean i n t e r v a l  
between b i r t h s  of 382 days f o r  Kure i n  1964 and 1965. 

The mean i n t e r v a l  between b i r t h s  was 380.7 days (SD = 

Six  

The mean 

Another way t o  look a t  t h e  i n t e r v a l  between b i r t h s  examines d a t a  from 
females seen du r ing  a l l  y e a r s  of t h e  study. Twenty-nine females were 
c l a s s e d  as a d u l t  i n  1977 and seen  i n  a l l  4 y e a r s  ( d a t a  i n  Appendix E) .  
The l a r g e s t  p ropor t ion ,  45%, pupped twice du r ing  t h e  4 yea r  pe r iod ;  24% 
pupped i n  a l l  y e a r s ;  21% pupped i n  3 of t h e  4 y e a r s ;  7% pupped only once; 
and one female d i d  no t  pup i n  any year.  
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Pupping 

Sex r a t i o  a t  birth.--Between 1977 and 1980, 136 pups were born on Laysan 
I s l a n d .  Seventy-five were females  and 58 were males. The sex  of t h r e e  pups 
was n o t  determined as t h e y  disappeared b e f o r e  weaning. There was no s i g n i f -  
i c a n t  d i f f e r e n c e  between t h e  observed and t h e  expected sex  r a t i o  a t  b i r t h .  
Table 14 l i s t s  t h e  sex  r a t i o  a t  b i r t h  f o r  each y e a r  of t h e  s tudy  and shows 
c o n s i d e r a b l e  v a r i a b i l i t y  between yea r s .  
tended t o  be male, while  pups born l a t e r  were more l i k e l y  t o  be female 
( t  = 1.994, p<0.05). 

Pups born e a r l y  i n  t h e  f i e l d  season 

Table 14.--Sex r a t i o  a t  b i r t h  f o r  a l l  pups born from 
1977 through 1980 on Laysan I s l a n d .  

Year Male Female Unknown T o t a l  

1977 17 23 2 42 
1978 1 2  17 0 29 
1979 19  ~ 13 0 3 2  
1980 1 0  22 1 33 

T o t a l  58 75 3 136 

Timing of b i r th s . - -B i r th s  were known t o  occur  i n  a l l  months from January 
through August. I f  any pups were born du r ing  t h e  September t o  December 
pe r iod ,  t hey  had disappeared by t h e  t i m e  t h e  nex t  f i e l d  season began. No 
a t t ended  o r  r e c e n t l y  weaned pups were seen  du r ing  w i n t e r  v i s i t s  made i n  1978 
(BWJ) o r  1980 (Knudtson, pe r sona l  communication). 

F i g u r e  29 shows t h e  semimonthly d i s t r i b u t i o n  of b i r t h s .  More pups were 
born i n  A p r i l  t han  i n  any o t h e r  month. The y e a r l y  p a t t e r n s  a r e  shown i n  
Table 15. The mean pupping d a t e  was 17 A p r i l ,  r ang ing  from 13  A p r i l  i n  1977 

N 
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F i g u r e  29.--Semimonthly d i s t r i b u t i o n  of b i r t h s  
on Laysan I s l a n d ,  1977-80. 
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t o  20 A p r i l  i n  1979. 
coun t s  of mother-pup p a i r s  see Johnson and Johnson 1984.) 

(For  a d i s c u s s i o n  of t h e  pupping season as d e f i n e d  by 

Table 15.--Number of pups born du r ing  each month on 
Laysan I s l a n d  from 1977 through 1980. 

~~ 

Year J F M A M J  J A T o t a l  

1977 1 5 1 2  1 2  7 2 1 2  42 
1978 0 2 7 . 1 0  7 3 0 0  29 
1979 0 3  7 9 9 3  1 0  32  
1980 1 1 7 1 3  4 6 1 0  33 

T o t a l  2 11 3 3  44 27 1 4  3 2 136 

Rookery areas.--Pups were born on most beaches of Laysan, b u t  pupping 
a c t i v i t y  was n o t  even ly  d i s t r i b u t e d  around t h e  i s l a n d .  
(76%) were born on t h e  no r thwes t  q u a r t e r  (areas 1 through 3 and area 14) .  
Most of t h e  northwest  c o r n e r  of t h e  i s l a n d  was c h a r a c t e r i z e d  by r e l a t i v e l y  
narrow beaches w i t h  v e g e t a t i o n  above t h e  beach c r e s t .  
tended t o  congregate  n e a r  shal low water r e e f s  i n  t h e s e  a r e a s .  
p e r c e n t  of t h e  b i r t h s  occur red  on t h e  beaches a l o n g  t h e  e a s t  s h o r e l i n e  
( a r e a s  7 through 10) where l i t t l e  cover  was a v a i l a b l e  above t h e  beach c r e s t .  
A rock  l edge  extended 20 t o  30 me te r s  from t h e  s h o r e l i n e  a long  t h e  e a s t  s i d e  
of t h e  i s l a n d ,  w i t h  t h e  water dep th  r a r e l y  exceeding one-half meter. E igh t  
pe rcen t  of t h e  pups were born on t h e  n o r t h e a s t  q u a r t e r  ( a r e a s  4 through 61,  
and 3% on t h e  sou th  and southwest beaches ( a r e a s  11 through 13) .  

The m a j o r i t y  of pups 

Mothers w i t h  pups 
Twenty-two 

Age a t  weaning. The c a l c u l a t i o n  of weaning age of pups was t h e  same as  
t h a t  used f o r  l a c t a t i o n  i n t e r v a l  of females ,  e x c e p t  i n  cases where a pup was 
exchanged o r  adopted. 
least  one female o t h e r  t h a n  t h e i r  n a t u r a l  mother;  two i n  1977, n i n e  i n  1978, 
and t h e  l a s t  i n  1979, when a d e s e r t e d  pup was adopted by a female t h a t  had 
l o s t  h e r  pup. While a t  l ea s t  11 pups were invo lved  i n  pup exchanges i n  1977 
and 1978, no known pup exchanges took p l a c e  i n  e i t h e r  1979 o r  1980. 

Twelve pups were known t o  have been nursed by a t  

The mean weaning age f o r  pups born du r ing  t h e  s tudy  was 36.2 days 
( r ange  27 t o  50 days ) .  
for male pups (36.6 days) and f o r  female pups (35.8 days)  d i d  n o t  d i f f e r  
s i g n i f i c a n t l y  ( t  = 1.25, df = 118, n.s.1. 

S t a t i s t i c a l  a n a l y s i s  showed t h a t  t h e  mean wean age 

The o v e r a l l  s i z e  and c o n d i t i o n  of pups a t  weaning g e n e r a l l y  depended on 
t h e  number of days t h e  pup suckled.  Pups weaned a t  more t h a n  36 days were 
g e n e r a l l y  f a t t e r  and l a r g e r  t h a n  pups weaned a t  less  than  t h e  mean weaning 
age. Some e x c e p t i o n s  d i d  occur ,  and t h e  range i n  s i z e  of pups showed 
c o n s i d e r a b l e  ove r l ap .  

The number of days a female remained w i t h  a pup depended on h e r  s i z e  
and on t h e  behav io r  of t h e  pup (some pups weaned themselves  by moving away 
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from t h e  female) .  Females a te  l i t t l e  o r  no th ing  du r ing  l a c t a t i o n ,  so t h e  
l a r g e r  t h e  female,  t h e  l o n g e r  she  could a f f o r d  t o  s t a y  wi th  a pup. 
s i o n a l l y  mothers chased f i s h  and spen t  long p e r i o d s  submerged i n  r e e f  a r e a s ,  
but  no a c t u a l  f eed ing  behavior  was seen.)  
number of days smaller- than-average and la rger - than-average  females  remained 
wi th  t h e i r  pups. Excluding pups which d i ed  o r  d i sappea red  b e f o r e  weaning, 
t h e  l a r g e r  females  remained w i t h  pups f o r  a s i g n i f i c a n t l y  longe r  t i m e  t han  
t h e  smaller females  ( t  = 3.59, df = 117 ,  p<O.OOl). 

(Occa- 

A t - t e s t  w a s  run  comparing t h e  

F a c t o r s  a f f e c t i n g  pup survival.--Of t h e  103 pups born i n  1977, 1978, 
and 1979: 13% d i e d  o r  d i sappeared  p r i o r  t o  weaning; a n o t h e r  6.5% d ied  o r  
d i sappeared  b e f o r e  t h e  f a l l  of t h e i r  b i r t h  y e a r  (when t h e  f i e l d  season  
ended);  and a n  a d d i t i o n a l  18% disappeared  b e f o r e  t h e  nex t  f i e l d  season  began 
( a  few of t h e s e  pups had i n s u f f i c i e n t  markings t o  i n s u r e  r e c o g n i t i o n  a s  
y e a r l i n g s ) .  The remaining 63% of t h e  pups were r e s i g h t e d  a t  l e a s t  once 
dur ing  t h e i r  y e a r l i n g  yea r .  Chi-square a n a l y s i s  (2x2) showed no s i g n i f i c a n t  
d i f f e r e n c e s  i n  t h e  o v e r a l l  tendency of pups t o  s u r v i v e  t o  t h e  end of t h e  
f i e l d  season  of t h e i r  y e a r l i n g  y e a r  when compared t o  a r e a  of b i r t h  (pr ime 
v e r s u s  o t h e r ) ,  s i z e  of mother ( s m a l l  v e r s u s  l a r g e ) ,  season  of b i r t h  ( e a r l y  
ve r sus  l a t e ,  mid v e r s u s  e a r l y  and l a t e ) ,  o r  wean age  ( g r e a t e r  t h a n  v e r s u s  
l e s s  t han  mean). 
and females .  The 103 pups born du r ing  1977 through 1979 inc luded  48 males  
and 53 females  (wi th  2 pups of undetermined s e x ) .  Of t h e  50 pups known t o  
be a l i v e  a t  t h e  end of t h e  f i e l d  season  of t h e i r  y e a r l i n g  y e a r ,  30 were 
m a l e s  and 20 females .  
s u r v i v a l  dur ing  t h e i r  y e a r l i n g  y e a r  than  females  (X2 = 6.18, df = 1, p<O.O5). 

However, a s i g n i f i c a n t  d i f f e r e n c e  was found between males  

These d a t a  sugges t  males  have a s i g n i f i c a n t l y  g r e a t e r  

Breeding 

Breeding can occur  throughout  much of t h e  y e a r  f o r  t h e  Hawaiian monk 
seal as b i r t h s  a r e  no t  l i m i t e d  t o  one season  o r  t ime pe r iod .  Males showed 
t y p i c a l  c o u r t s h i p  behaviors  throughout  t h e  f i e l d  season ,  a l though a marked 
r e d u c t i o n  i n  t h e  tendency t o  haul-out  w i th ,  or defend a d u l t  females  took 
p l a c e  from mid-August through October ,  cor responding  t o  t h e  a d u l t  male 
mol t ing  season.  Based on haul-out p a t t e r n s  of a d u l t  females ,  e s t r u s  appears  
t o  occur between t h e  t ime t h e  pup i s  weaned and when t h e  female comes a s h o r e  
t o  mol t .  Females remain h i g h l y  a g g r e s s i v e  toward a l l  s e a l s ,  i n c l u d i n g  a d u l t  
males ,  throughout  l a c t a t i o n .  When a shore  f o r  t h e  mol t ,  approximate ly  3 
months a f t e r  weaning, a d u l t  females  a r e  r a r e l y  accompanied by a d u l t  males .  

Actual  breeding  encounters  were seen  on  o n l y  t h r e e  occas ions .  Two of 
t h e s e  o b s e r v a t i o n s  were desc r ibed  i n  d e t a i l  i n  Johnson and Johnson (1981b).  
The t h i r d  involved  a female and c o n s o r t  observed on  18 and 19 A p r i l  1980. 
Seen f i r s t  i n  l a t e  a f t e rnoon ,  t h e  female appeared unusua l ly  t o l e r a n t  of t h e  
a t t e n t i o n s  of t h e  c o n s o r t ,  a l lowing  t h e  male t o  g r a s p  h e r  back and a t t empt  
t o  mount h e r  whi le  on dry sand. The p a i r  moved i n t o  sha l low wa te r  j u s t  
b e f o r e  s u n s e t  and t h e  female remained p a s s i v e  wh i l e  t h e  male r e p e a t e d l y  
mounted h e r ,  bu t  we could n o t  confirm whether  i n t r o m i s s i o n  occur red .  A f t e r  
about 20 minutes  i n  t h e  n e a r s h o r e  water t h e  m a l e  fo l lowed t h e  female i n t o  
t h e  v e g e t a t i o n .  The p a i r  was watched u n t i l  midnight ,  remaining i n  t h e  
v e g e t a t i o n .  Near s u n r i s e  t h e  fo l lowing  morning t h e  p a i r  could n o t  be 
loca t ed .  As dawn approached t h e i r  shapes could be made ou t  i n  sha l low 
water .  By t h e  t ime i t  was l i g h t  enough t o  s e e ,  t h e  male fol lowed t h e  female 
back up t o  t h e  v e g e t a t i o n .  It appeared s h e  had a g a i n  been p a s s i v e  du r ing  
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the time in shallow water. When the pair returned to the shoreline 2 hours 
later, the consort was driven off by another adult male. The female imme- 
diately showed the characteristic aggressive behavior toward the new male, 
resisting all attempts by the male for close approach. She remained onshore 
for most of the day, moving out to sea in the late afternoon, unaccompanied. 
The female had last pupped on 16 March 1979 and did not have a pup in 1980. 

Survival 

Well-identified seals disappeared from Laysan throughout the 4 years of 
the study. As bodies of dead animals were rarely found, it was not known if 
the disappearances were due to death cf the animal or to emigration. 
Records of tagged Hawaiian monk seals (johnson et al. 1983) indicate that 5% 
of resightings occur on atolls different from the tagging site. Therefore 
we assume that some of the identified seals that disappeared during the 
study could have emigrated to another atoll, but that most disappearances 
resulted from mortality . 
will be used to describe unexplained disappearances. With this uncertainty 
unavoidable, we concentrated on rates of known survivorship, which undoubt- 
edly underestimate the actual surqivorship for the population. 

The abbreviation M/D (mortality/disappearance) 

Pups 

One emphasis of the study was to follow known-age cohorts as long as 
possible. Marking pups soon after weaning and yearlings soon after their 
molt made this possible. For most pups, the bleach mark allowed reliable 
identification throughout the first year of life. When the mark was lost 
during the molt, about 1 5  months after weaning, animals were re-marked. The 
identification of the entire pup cohort each year made collection of 
detailed data on rates of survivorship possible. 

Survival through weaning.--A total of 136 pups were born during the 
study. 
fore unmarked and unidentifiable). 
year. One of these was premature; the cause of death was not determined 
for the other three. 

One pup was not weaned by the time we left the field in 1977 (there- 
Four pups were stillborn, one in each 

Of the remaining 131 pups, 120 (89%) survived at least 27 days (the 
minimum age at weaning for the study) and were resighted after the departure 
of their mother. Survival t o  weaning ranged from a low of 82% in 1980 to a 
high of 97% in 1978. The age and circumstance of death for the 11 pups 
dying or disappearing before weaning, excluding those born dead, are listed 
in Table 16. 

Survival through 4 months.--After weaning, pups were generally seen at 
least once each census period (4 days) for several months. Only rarely were 
pups not seen for more than a week during their pup year. 
tendency to remain near shore, any pup that was not sighted during the last 
2 weeks of the study (and not resighted during the following year) was 
listed as having disappeared. 
one was found dead and seven disappeared before the,end of their pup field 
season. Information on these pups is listed in Table 17. 

Because of this 

Of the 120 pups surviving through weaning, 
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Table 16.--Pre-weaning disappearance and m o r t a l i t y  on Laysan I s l a n d  
between 1977 and 1980, excluding pups born dead. 

Year Sex Age (days )  Notes 

1977 ? 23 Appeared h e a l t h y  3 days b e f o r e  d e a t h  
? 22 Disappeared a t  n i g h t ,  mother remained 
M 8 Mother may n o t  have produced mi lk  

1978 None 

1979 M 33 Disappeared, mother remained 
M 3 Mother l o s t  pup t o  a n o t h e r  mother hour s  

b e f o r e  d e a t h  
F 8 Mother may n o t  have produced m i l k  

1980 M 6 No obse rvab le  cause  of d e a t h  
F 6 No obse rvab le  cause  of dea th ,  stomach 

empty 
F 7 Wedged i n  b i r d  burrow when found 
F 16 Appeared weak day b e f o r e  d e a t h  
? 1 Al ive  a t  b i r t h .  Pup gone w h i l e  female 

remained a s h o r e  t h e  nex t  morning 

S u r v i v a l  d a t a  f o r  t h e  f i r s t  4 months p o s t b i r t h  a r e  p resen ted  i n  F igu re  
All pups born du r ing  t h e  s tudy  were i n c l u d e d  i n  as many d a t a  p o i n t s  as 3 0 .  

t h e i r  s i g h t i n g  d a t a  pe rmi t t ed .  For example, d a t a  from a pup bo rn  40 days 
b e f o r e  t h e  end of a f i e l d  season  could o n l y  be inc luded  i n  t h e  B i r t h  through 
40-day pe r iod .  (Yea r ly  sample s i z e s  are i n c l u d e d  i n  Appendix F.) 

Table 17.--Weaned pups which d i e d  o r  d i sappea red  du r ing  
t h e i r  pup y e a r  on Laysan I s l a n d .  

Year Sex Wean Age Condit ion when l a s t  seen  

1977 F 47 days 
F 40 days 
M 37 days 

Heal t h y  
Small  d o r s a l  i n f e c t i o n  
Dead, massive d o r s a l  i n f e c t i o n  

1978 M 3 5  days Small f o r  wean-age 
F 28 days Small  seal  
F 38 days H e  a1 thy  

1979 M 47 days Healthy 
M 33 days Heal thy 

1980 None 
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As Figure  30 shows, 92% of t h e  pups born on Laysan survived t h e  f i r s t  
The M/D r a t e  was low during t h e  next  70 days,  w i t h  88% 

After 80 days t h e  M/D 
10 days p o s t b i r t h .  
of t h e  pups known t o  be a l ive  by 80 days p o s t b i r t h .  
r a t e  inc reased .  
r e s igh ted .  

By 140 days p o s t b i r t h ,  80% of t h e  pups were s t i l l  being 
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F i g u r e  30.--Pup s u r v i v a l  on Laysan I s l a n d ,  1977 through 1980. 

The s u r v i v o r s h i p  p a t t e r n s  seen  on Laysan d i f f e r  markedly from d a t a  
ob ta ined  du r ing  previous s t u d i e s  on Midway (Rice 1960) and on Kure (Wirtz 
1968). 
f o r  Midway and Kure (see Appendix F f o r  s p e c i f i c  d a t a ) .  
m o r t a l i t y  was similar t o  Laysan, w i t h  approximately 90% of t h e  pups s t i l l  
a l i v e  a t  10  days p o s t b i r t h .  
high on Kure, w i t h  only 5% of t h e  pups s t i l l  being s i g h t e d  a t  50 days. 
Rice suggested t h a t  shark a t t a c k  could have been r e s p o n s i b l e  f o r  t h e  loss 
of pups, wh i l e  Wirtz (1968) mentioned t h a t  a t t a c k s  by a d u l t  male monk s e a l s  
may have played a p a r t  i n  e a r l y  pup m o r t a l i t y .  
disappeared b e f o r e  t h e  mother l e f t  t h e  area, a p a t t e r n  no t  s een  w i t h  normal 
weaning on Laysan. 

F igu re  31 compares pup s u r v i v o r s h i p  on Laysan w i t h  t h a t  r e p o r t e d  
On Kure, e a r l y  pup 

However t h e  M/D r a t e  through weaning was very 

The pups a t  Kure g e n e r a l l y  
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Figure  31.--Pup s u r v i v a l  (# = r e s i g h t e d / b i r t h s )  f o r  Laysan (1977-801, 
Kure (1964-651, and Midway (1958-59). 
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Data from Midway during t h e  l a t e  1950's a l s o  showed a h i g h e r  M/D r a t e  
than  Laysan, bu t  t h e  p a t t e r n  was n o t  t h e  same a s  t h a t  s een  a t  Kure. On 
Midway, approximately 30% of t h e  pups were e i t h e r  born dead o r  d i ed  w i t h i n  
t h e  f i r s t  1 0  days. 
much lower than  a t  Kure, w i t h  35% of t h e  o r i g i n a l  cohort  s t i l l  s i g h t e d  
a f t e r  70 days. 
s t i l l b i r t h s  could have been due t o  underwater exp los ions  which were used t o  
c l e a r  a channel a t  Midway during t h a t  t i m e  per iod.  
which were born a l ive  and hea l thy  a t  Midway were n o t  being sub jec t ed  t o  t h e  
same f a c t o r s  causing t h e  h igh  p o s t b i r t h  m o r t a l i t y  seen a t  Kure. 

For pups t h a t  survived p a s t  10 days t h e  M/D r a t e  was 

Kenyon and Rice (1959) suggested t h a t  t h e  h ighe r  r a t e  of 

Apparently t h e  pups 

Surv iva l  through 16 months.--The b e s t  d a t a  f o r  c a l c u l a t i n g  m i c i m u m  
su rv ivo r sh ip  t o  1 yea r  of age a r e  t h e  r e s i g h t i n g  r e c o r d s  f o r  pups born i n  
1978 and 1979. Data from 1977 are excluded as a few pups were n o t  marked 
w e l l  enough t o  gua ran tee  r e l i a b l e  r e s i g h t i n g  t h e  fol lowing year, and because 
approximately 80% of t h e  1977 pups recognized as y e a r l i n g s  i n  1978 died o r  
disappeared during t h e  unusual 1978 "die-off ." 

Figure  32  p r e s e n t s  su rv ivo r sh ip  d a t a  t o  1 6  months f o r  t h e  61 pups born 
i n  1978 and 1979. A l l  pups disappearing during t h e i r  pup y e a r  were g iven  a 
disappearance d a t e  of 1 day a f t e r - t h e i r  l a s t  s i g h t i n g .  
s een  throughout t h e i r  pup y e a r ,  b u t  n o t  r e s i g h t e d  as y e a r l i n g s .  
animals t h e  M/D age was recorded as t h e  mean between t h e  las t  day of t h e  
pup f i e l d  season and t h e  s t a r t  of t h e  fol lowing f i e l d  season. (Data f o r  
each animal are  included i n  Appendix F.) 

Many pups were 
For t h e s e  
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Figure  32.--Pup s u r v i v a l  on Laysan I s l a n d ,  
1978 and 1979 pup cohorts .  

pups born i n  1978 and 1979, 46 (75%) were seen  during t h e  
fol lowing year.  However, only 43 (70%) were r e s i g h t e d  1 yea r  a f t e r  t h e i r  
a c t u a l  b i r thday .  This should be considered a minimum s u r v i v a l  estimate, as  
t h e  f a t e  of t h e  18 pups which disappeared a f t e r  weaning is  unknown. 
of t h e  pups born i n  1978 and 1979 were poorly marked as pups. 
p o s s i b l e  t h a t  one o r  two could a c t u a l l y  have survived on Laysan, b u t  were 
unrecognizable  as  y e a r l i n g s .  

A few 
It i s  

Three p rev ious ly  u n i d e n t i f i e d  j u v e n i l e  seals 
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were seen  on  Laysan which d i d  no t  have v i s i b l e  bleach marks, two i n  1979 
and one i n  1980. Although u n l i k e l y ,  i f  a l l  t h r e e  a r e  assumed t o  be pups 
born on  Laysan t h e  previous y e a r  which had " los t "  t h e i r  marks, t h i s  would 
i n c r e a s e  t h e  12-month s u r v i v o r s h i p  t o  75% (46 of 61). 

Year1 ing  s 

The s u r v i v a l  ra te  f o r  y e a r l i n g s  was s imilar  t o  t h a t  of pups. Eleven 
of t h e  f o u r t e e n  y e a r l i n g s  seen  r e g u l a r l y  throughout 1979 were a l s o  seen  
throughout 1980 as 2-year-old seals (79%). 
seven y e a r l i n g s  s t i l l  seen  r e g u l a r l y  by t h e  end of t h e  1978 f i e l d  season 
( a f t e r  t h e  d i e - o f f ) ,  f i v e  were seen  as 2-year-old seals i n  1979. 
t h e  d a t a  from t h e  1977 and 1978 pup c o h o r t s  g i v e s  a s u r v i v a l  ra te  f o r  
y e a r l i n g  seals  of 76% (16 of 21). 

For t h e  1977 pup cohor t ,  of t h e  

Combining 

Other Age Classes 

Of t h e  f i v e  2-year-old seals seen i n  1979, a l l  were seen  throughout 
1980. 
known-age and o t h e r s )  s een  i n  1979 were a l s o  seen i n  1980. 
as j u v e n i l e s  averaged about 3 y e a r s  o l d ,  w i t h  a range of 2 t o  4 y e a r s  f o r  
known-age animals.  

However, only 23 of 29 (73%) i d e n t i f i a b l e  j u v e n i l e  seals (both 
( S e a l s  c l a s s e d  

The s u r v i v a l  r a t e  was h ighe r  f o r  o l d e r  seals. Table 18 p r e s e n t s  d a t a  
on 1 y e a r  of s u r v i v o r s h i p  f o r  a l l  r e l i a b l y  i d e n t i f i a b l e  seals o l d e r  t han  
y e a r l i n g s  t h a t  were seen  i n  1979. 

I n  summary, y e a r l y  s u r v i v a l  rates were about  75% f o r  animals up t o  4 
y e a r s  of age  ( b i r t h  through j u v e n i l e  s i z e ) .  The s u r v i v a l  r a t e  f o r  seals 
over 4 y e a r s  of age ( s u b a d u l t s  and a d u l t s )  i nc reased  t o  about 87%. A s  
mentioned i n  t h e  Reproductive s e c t i o n ,  t h e r e  was a s i g n i f i c a n t l y  g r e a t e r  
s u r v i v a l  of male pups through t h e i r  y e a r l i n g  yea r  t han  of females. Chi- 
squa re  a n a l y s i s  of t h e  d a t a  p re sen ted  i n  Table 18 showed no s i g n i f i c a n t  
d i f f e r e n c e  i n  m a l e  v e r s u s  female s u r v i v a l  f o r  j u v e n i l e ,  subadu l t ,  o r  a d u l t  
animals;  b u t  t h e  d a t a  from t h e  small sample of j u v e n i l e s  i n d i c a t e  a ten- 
dency toward lower s u r v i v a l  f o r  young female monk seals. The r eason  f o r  
t h i s  appa ren t  sex d i f f e r e n c e  i n  t h e  M/D r a t e  i s  unknown, and needs addi- 
t i o n a l  study. 

Table 18.--Number and percentage of seals i d e n t i f i e d  in 1979 
t h a t  were r e s i g h t e d  i n  1980 on Laysan I s l and .  

1979 1980 x 

Juven i l e  males 
female s 

Subadult  males 
females 

Adult males 
female s 

15  14 93 
1 4  9 64 

1 5  1 3  87 
1 5  1 3  87 

61  53 87 
53 ' 45 85 
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Appendix Table A.--Itinerary. Arrival and departure 
dates ,  Laysan Island, 1977-80. 

~ ~~~ 

Y e  81: Arrive Laysan Depart Laysan 

1977 27 February 3 September 

1978 27 February 18 June 
~ 28 June 1 October 

12 October 13 October 
12 December 18 December 

1979 12 March . 17 August 

1980 14  March 18 September 



48 

Appendix B.--Biases a f f e c t i n g  sex r a t i o  d a t a .  

It i s  r a r e l y  p o s s i b l e  t o  determine t h e  sex of a l l  s e a l s  a shore  on a 
census.  I f  t h e  p r o b a b i l i t y  of sexing males and females  i s  equal ,  then  t h e  
sex r a t i o  of unsexed animals  should be  t h e  same as  t h e  r a t i o  of sexed an i -  
mals. Unfor tuna te ly ,  s e v e r a l  p o t e n t i a l  b i a s e s  e x i s t  which can a l t e r  t h e  
r e l a t i v e  p r o b a b i l i t y  of sexing males and females.  
l a r g e  percentage  of t h e  animals  a r e  unsexed, t h e s e  b i a s e s  can s i g n i f i c a n t l y  
a l t e r  t h e  c a l c u l a t e d  sex r a t i o .  

On censuses  i n  which a 

Female-With-Pup Bias 

The c i e a r e s t  example c f  a b i a s  which a f f e c t s  sex r a t i o  d a t a  occurs  
dur ing  t h e  pupping season. 
t i n e l y  recorded  as  female,  without  t h e  p r e r e q u i s i t e  v e n t r a l  examinat ion 
r equ i r ed  f o r  sex ing  o t h e r  animals .  
looking a t  a h y p o t h e t i c a l  a d u l t  popu la t ion  made up of 50 males and 50 
females ,  25 of which are accompanied by b l ack  pups. Two counts  a r e  made. On 
t h e  f i r s t  count  a l l  animals  a r e  sexed, r e s u l t i n g  i n  a 1:l sex r a t i o .  On t h e  
second survey,  c o n d i t i o n s  are such t h a t  t h e  p r o b a b i l i t y  of sex ing  each ind i -  
v idua l  seal i s  only  20%, except  t h a t  a l l  a d u l t s  accompanied by pups a r e  sexed 
as female. The resu l t s  of t h e s e  counts  show t h a t  t h e  second count ,  inc luding  
t h e  unsexed animals ,  w i l l  be s t r o n g l y  b iased  toward females.  

All a d u l t s  accompanied by b lack  pups axe rou- 

The e f f e c t  of t h i s  b i a s  can  be seen  by 

Females 
Male :Female 

Males Alone wi th  Pup To ta l  Unknowns Sex Ra t io  

Count 1 50 (25) (25) 50 0 1:l 
Count 2 10 ( 5)  (25) 30 60 1 :3 

I n  theo ry ,  t h i s  b i a s  can be co r rec t ed  by e s t ima t ing  how many of t h e  
mothers would have been sexed as female by t h e  normal method of sexing 
animals ,  based on t h e  r a t i o  of sexed a d u l t s  t o  t o t a l  a d u l t s .  

A 

A/B = X/M o r  X = (MA/B) 

where: 

A = t o t a l  a d u l t s  sexed (excluding mothers)  
B = t o t a l  a d u l t s  (excluding mothers)  
M = females  w i t h  pups (mothers) 
X = e s t i m a t e  of mothers which would have been c l a s sed  as female 

wi thout  presence of pup. 

I n  t h e  above popu la t ion ,  where 20% of t h e  nonmothers were sexed, X E 

Added t o s t h e  5 females  sexed using 
(25) (15) /75  = 5, i n d i c a t i n g  t h a t  of t h e  25 mothers ,  only 5 would have been 
sexed us ing  t h e  normal sexing techniques.  
t h e  normal methods, a t o t a l  of 10 females r e s u l t s .  When compared t o  t h e  10  
s e a l s  sexed as  males,  t h e  co r rec t ed  sex r a t i o  becomes 1:l. 

. 
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I n  p r a c t i c e ,  t h i s  c o r r e c t i o n  f a c t o r  w i l l  no t  e l i m i n a t e  a l l  problems, a s  
o t h e r  b i a s e s  i n  both  ageing and sexing animals may e x i s t .  
reduce t h e  problem during t h e  pupping season,  e s p e c i a l l y  a t  a t o l l s  l i k e  French 
F r i g a t e  Shoals where a l a r g e  percentage of animals are g e n e r a l l y  n o t  sexed. 

However, i t  should 

Other Biases 

Severa l  o t h e r  b i a s e s  may e x i s t  which could a f f e c t  sex r a t i o  d a t a ;  bu t  
t h e  r e l a t i v e  magnitude of t h e s e  b i a s e s  i s  d i f f i c u l t  t o  p r e d i c t  and probably 
v a r i e s  from s tudy  t o  study. Some of t h e s e  a r e  l i s t e d  below. 

I d e n t i f i e d  Animals.--In t h a  Laysan s tudy ,  and o t h e r s  where a 
s i g n i f i c a n t  number of seals a r e  i n d i v i d u a l l y  recognizable  a t h e  sex of 
"marked" animals seen  on  censuses  i s  n o t  g e n e r a l l y  reconfirmed. 
r e s e a r c h  p r i o r i t i e s  r e s u l t e d  i n  p r o p o r t i o n a l l y  more a d u l t  females  being iden- 
t i f i e d  than  males. 
t h i s  would b i a s  t h e  sex r a t i o  i n  f avor  of females. 
t hose  involv ing  tagging ,  could a l s o  be a f f e c t e d  by t h i s  b i a s .  
Laysan i n d i c a t e  t h a t  a d u l t  males spend l e s s  t ime a shore  than  o t h e r  age /sex  
c l a s s e s ,  and would tend  t o  be under represented  i n  random marking e f f o r t s . )  
I f  a good popu la t ion  e s t i m a t e  i s  a v a i l a b l e ,  it may be p o s s i b l e  t o  c o r r e c t  f o r  
t h e  i d e n t i f i e d  animal b i a s ,  based on  t h e  r a t i o  of i d e n t i f i e d  animals  t o  t o t a l  
popu la t ion  f o r  each age /sex  c l a s s .  
ca t ed  by such f a c t o r s  as d i f f e r e n c e s  between obse rve r s  ( i n  t h e  number of 
animals they can i d e n t i f y )  and t h e  v a r i a b i l i t y  i n  t h e  conspicuousness of 
markings ( t h e  i d e n t i f y i n g  marks on some animals  a r e  inconspicuous and may 
occur on ly  on t h e  v e n t r a l  a r e a ) .  
a c o r r e c t i o n  f o r  i d e n t i f i e d  animals  i n  t h e  Laysan s tudy ,  bu t  they should 
p r e s e n t  l e s s  of a problem i n  tagging  s t u d i e s .  

On Laysan, 

On censuses  i n  which 2 l a r g e  number of s e a l s  were unsexed, 
(Other  s t u d i e s ,  such as 

Data from 

Unfor tuna te ly ,  t h i s  a n a l y s i s  i s  compli- 

These f a c t o r s  make i t  d i f f i c u l t  t o  c a l c u l a t e  

Male Vocalizations.--There i s  a c h a r a c t e r i s t i c  a d u l t  male v o c a l i z a t i o n  
( t h e  " r o l l i n g  bellow") g iven  i n  t h r e a t  and c o u r t s h i p  d i s p l a y s  which, when it 
occurred during a census,  was o f t e n  used t o  sex t h e  animal a s  male wi thout  
v e n t r a l  examination. I f  a s u f f i c i e n t  number of males were sexed i n  t h i s  way 
it would r e s u l t  i n  a count b iased  i n  f a v o r  of males. However, t h e  g e n e r a l  
response  of seals i n  t h e  presence of a d i s p l a y i n g  a d u l t  male was t o  s h i f t  t o  a 
p o s i t i o n  exposing t h e  v e n t r a l  s u r f a c e  t o  t h e  approaching male, thereby  o f t e n  
al lowing t h e  observer  t o  sex t h e  o t h e r  animal as wel l .  

V i s i b i l i t y  Bias.--It i s  p o s s i b l e  t h a t  males were, i n  g e n e r a l ,  e a s i e r  t o  
sex than  females.  
p e n i l e  opening and t h e  p e n i l e  r i d g e  ( a  l i n e  extending from t h e  p e n i l e  opening 
t o  t h e  anus ) ,  whi le  females  were sexed p r i m a r i l y  by t h e  absence of t h e s e  fea-  
t u r e s .  On censuses  where many animals  were unsexed t h i s  would r e s u l t  i n  a 
b i a s  f avor ing  males. But t h i s  b i a s ,  i f  i t  e x i s t s ,  i s  l i k e l y  t o  va ry  w i t h  
viewing c o n d i t i o n s  and between observers .  

This was because males were sexed by t h e  presence of t h e  

Incomplete Count Bias.--Data from Laysan, French F r i g a t e  Shoals ,  and 

Di f f e rences  i n  s e x  r a t i o  a r e  l i k e l y  when comparing 
elsewhere i n d i c a t e  v a r i o u s  haul-out a r e a s  w i t h i n  a n  a t o l l  a r e  used d ispropor-  
t i o n a t e l y  by one sex. 
complete a t o l l  counts  w i t h  pa r t i a l  a t o l l  counts .  
t h e  b i a s  depends on which a r e a s  a r e  excluded d u r i n g h p a r t i a l  counts .  
would be  p a r t i c u l a r l y  s i g n i f i c a n t  a t  a t o l l s  such a s  French F r i g a t e  Shoals ,  

The s p e c i f i c  d i r e c t i o n  of  
This  b i a s  



where weather  c o n d i t i o n s  and t i m e  c o n s t r a i n t s  o f t e n  make i t  imposs ib l e  t o  
v i s i t  a l l  haul-out a r e a s  a v a i l a b l e  t o  t h e  s e a l s .  

This  b i a s  does no t  a f f e c t  d a t a  c o l l e c t e d  du r ing  t h e  Laysan s tudy  because 
t h e  e n t i r e  i s l a n d  was covered on a l l  censuses .  But  i t  could a f f e c t  compari- 
sons wi th  f u t u r e  s t u d i e s  on Laysan i f  t hose  s t u d i e s  exc lude  an ima l s  i n  t h e  
water  o r  hauled  ou t  on o f f s h o r e  rocks ,  bo th  groups  be ing  d i s p r o p o r t i o n a t e l y  
male. 

Tes t ing  f o r  Sex Ra t io  Bias  
c 

Excluding t h e  Female-with-pup b i a s ,  t h e  t o t a l  e f f e c t  of t h e  above b i a s e s  
( i f  any) on sex  r a t i o  d a t a  i s  d i f f i c u l t  t o  p r e d i c t  and may va ry  from s tudy  t o  
s tudy.  S t u d i e s  involv ing  a s e r i e s  of censuses  can be used t o  t e s t  f o r  any 
o v e r a l l  b i a s  by comparing counts  i n  which a h igh  p r o p o r t i o n  of t h e  an imals  a r e  
sexed (minimizing b i a s )  w i th  counts  i n  which l a r g e  numbers of s e a l s  a r e  
unsexed (when t h e  e f f e c t  of any b i a s  would by g r e a t e s t ) .  

During 1977, an average  of 43% of t h e  s e a l s  were n o t  sexed on censuses ,  
i n c r e a s i n g  t h e  p r o b a b i l i t y  of a sex ing  b i a s  having a s i g n i f i c a n t  e f f e c t  on t h e  
c a l c u l a t i o n  of sex  r a t i o .  The a d u l t  counts  made du r ing  t h e  1977 pupping 
season (March through June) c l e a r l y  show t h e  problem. 
Moment C o r r e l a t i o n  i n d i c a t e s  t h e r e  i s  a s i g n i f i c a n t  c o r r e l a t i o n  between t h e  
percentage  of sexed a d u l t s  c l a s s e d  a s  female and t h e  pe rcen t  of a d u l t s  which 
were unsexed ( r  = 0 . 6 6 6 ,  t = 4 . 4 6 2 ,  df = 2 5 ,  p<O.OOl). This  s u g g e s t s  a b i a s  
i n  f avor  of females .  But when t h e  same s t a t i s t i c  i s  r u n  comparing t h e  per- 
centage of a d u l t s  sexed a s  female when a c o r r e c t i o n  has  been made f o r  t h e  
Female-with-pup b i a s ,  t h e  r e s u l t s  a r e  n o n s i g n i f i c a n t  (r  = -0.154, t = -0 .782 ,  
df = 2 5 ,  p>O.lO). Thus, when t h e  Female-with-pup b i a s  i s  t aken  i n t o  account  
and a c o r r e c t i o n  f a c t o r  a p p l i e d  t o  t h e  coun t s ,  t h e  r e s u l t i n g  a d u l t  sex r a t i o  
d a t a  appear  unbiased.  

A Pearson Product- 

Count Verses Popula t ion  Sex Ra t io  

Although sex  r a t i o  d a t a  ob ta ined  from ground coun t s  can be u s e f u l  when 
comparing coun t s  i n  d i f f e r e n t  months o r  y e a r s  w i t h i n  an  a t o l l ,  o r  between 
a t o l l s ,  i t  should no t  be cons idered  a d i r e c t  measure of t h e  popu la t ion  sex 
r a t i o .  Data from Laysan i n d i c a t e  t h a t  a d u l t  males  tend  t o  spend l e s s  t ime 
ashore  than  o t h e r  age /sex  c l a s s e s ;  t h u s  would be unde r rep resen ted  i n  sex 
r a t i o s  based on ground counts .  F u r t h e r ,  d a t a  i n d i c a t e  t h e  sex  r a t i o  of s e a l s  
ashore  changes from month t o  month, a r e s u l t  of d i f f e r e n t  haul-out p a t t e r n s  
f o r  t h e  v a r i o u s  age /sex  c l a s s e s  (e.g. ,  d i f f e r e n t  mo l t ing  seasons ) .  As t h e  
d a t a  i n  Appendix C show, t h e  sex  r a t i o  ob ta ined  on ground coun t s  does va ry  
cons ide rab ly  from month t o  month. 
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Appendix C.--Laysan I s l a n d  count da t a .  

Appendix Tables  C-1 through C-4 p r e s e n t  t h e  count d a t a  f o r  a l l  censuses 
conducted during t h e  s tudy,  from 1977 through 1980. Two of t h e  coun t s  (10 
March 1977 and 27 February 1978) included animals which were n o t  c l a s s i f i e d  
by age; t h e r e f o r e ,  no age/sex d a t a  are included f o r  t hose  d a t e s .  
ing i s  a b r i e f  d e s c r i p t i o n  of t h e  headings found on each t a b l e .  

The follow- 

DATE: Date o f  count 
TIME: T i m e  count  began 

ADM: 
AI)F : 
AD? : 
SAM: 
SAF: 
SA? : 
JM: 
J F  : 
J? : 
YM: 
YF: 
Y?: 
WP: 
MP: 

TOT : 
STOT : 
%UNK : 
AM/C : 

AF/C : 
I M / C  : 

IF/C: 
%AD: 

XFEM: 

Number of 
Number of 
Number of 
Number of 
Number of 
Number of 
Number of 
Number of 
Number of 
Number of 
Number of 
Number of 
Number of 
Number of 

a d u l t  males counted 
a d u l t  females counted 
unsexed a d u l t s  
subadu l t  males 
subadu l t  females 
unsexed s u b a d u l t s  
j u v e n i l e  males 
j u v e n i l e  females  
unsexed j u v e n i l e s  
y e a r l i n g  males ( o r  y e a r l i n g  s i z e  male seals i n  1977) 
y e a r l i n g  felpales ( o r  y e a r l i n g  s i z e  female seals  i n  1977) 
unsexed y e a r l i n g  s i z e  seals, used only i n  1977 
weaned pups 
pups s t i l l  a t t e n d e d  by a female ( i .e . ,  n u r s i n g )  

T o t a l  of a l l  seals counted 
T o t a l  excluding WP and MF' counts  
Percentage of STOT coun t s  t h a t  were n o t  sexed 
Corrected a d u l t  male count c o r r e c t e d  f o r  female-with-pup b i a s  

(Appendix B) and w i t h  a sex ass igned  t o  t h e  unsexed a d u l t s  
based on t h e  r e s u l t i n g  sex r a t i o  

Corrected a d u l t  female count (same a s  AM/C) 
Corrected immature male count ( i n c l u d e s  subadu l t ,  j u v e n i l e ,  and 

y e a r l i n g  males)  w i th  sexes  a s s igned  t o  unsexed animals  on t h e  
b a s i s  of sex r a t i o  of sexed immatures 

Corrected immature female count  (same as  I M / C )  
Percentage of STOT t h a t  were c l a s s i f i e d  as a d u l t s  
Percentage of STOT t h a t  were sexed as female (based on t h e  AF/C 

and IF/C t o t a l s )  

A summary t a b l e  i s  provided a t  t h e  end of t h e  census d a t a  f o r  each year .  
The t a b l e  i n c l u d e s  a t o t a l  mean f o r  a l l  counts  conducted during t h e  yea r ,  and 
s e p a r a t e  means f o r  each month. 

The "corrected" (e.g., e s t i m a t e d )  counts  f o r  t h e  fou r  age/sex c l a s s e s  can 
be misleading f o r  censuses  where l a r g e  numbers of seals were n o t  sexed (such as 
t h e  count  on 17 A p r i l  1977). 
are based on  t h e  mean of several counts  (e.g., semimonthly o r  monthly means). 

These d a t a  a re  b e s t  used when t h e  c o r r e c t e d  coun t s  

Although on ly  whole numbers are p resen ted  i n  t h e  t a b l e s ,  a l l  summary 
c a l c u l a t i o n s  f o r  t h e  las t  seven columns (%Urn t o  XFEM) are  based on  numbers 
c a r r i e d  o u t  t o  s e v e r a l  decimal places .  
may d i f f e r  s l i g h t l y  from t h e  sum of t h e  columns. 

As a r e s u l t ,  t h e  summary c a l c u l a t i o n s  
. 
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Appendix Table D.--Tag numbers read on Laysan Is land .  S ight ing  
records  of tagged s e a l s  seen  on Laysan I s l and  from 1977 through 1980. 

Orig ina l ly  Tagged Years Seen 
~~~~ ~~- ~~~ ~- - 

Tag Sex Date Age A t  ol 1 1977 1978 1979 1980 

A5 
A 4 3  
A5 9 
A389 
707 
708 
7 64 
818 
93 1 
944 
945 
1018 
1072 
1073 
1074 
1092 

F 
F 
F 
F 
F 
M 
M 
F 
F 
F 
M 
M 
M 
F 
M 
F 

3 / 121 67 
3/19/67 
3/19/67 
9/05/€8 
6 1021 69 
6/02/69 
71 170 
3 / 26 169 
8/17/70 
8/17/70 
8/17/70 
9/07/71 
9/ 10172 
9/10/72 
91 101 72 
51 172 

Year 
P 
P 
P 
P 
P 
P 
Year 
P 
P 
P 
P 
P 
P 
P 
P 

FFS 
Laysan 
Lays an  
Lays an  
'Lay s a n  
Lays an 
FFS 
Lays an 
Lays an 
Laysan 
Laysan 
Lays an 
Lays an 
Lays an  
Lays an 
FFS 

X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 

X 

X 

X 
X 

X X 

X 

x X 
X X 

X 

? 

X X 

X X 

X X 
X 

a 
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Appendix Table E.--Reproductive p a t t e r n s  of mature females. 
duc t ive  s t a t u s  of females c l a s s i f i e d  as a d u l t  and seen i n  3 o r  more y e a r s  on 
Laysan I s l a n d  (P = p a r t u r i e n t ,  N 5 nonpar tu r i en t ,  S = subadul t  s i z e ,  - = no t  
seen).  

Yearly repro- 

Female 1977 1978 1979 1980 

c 

01 
02 
03 
04 
05 
06 
07 
08 
09 
10  
11 
1 2  
13 
14 
1 5  
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
3 4  
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 

P 
P 
P 
P 
P 
P 
F 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
S 
N 

N 
N 
N 
N 

N 
N 
N 

N 
P 
N 
S 
N 
N 
N 
N 
N 
N 

- 

- 

- 

P 
P 
P 
P 
P 
P 
P 
N 
N 
N 
N 
P 
*P 
N 
N 
N 
N 
N 
N 
N 
N 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
N 
P 
N 
N 
N 
N 
N 
P 
N 
N 

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
N 
P 
N 
N 
N 
P 
P 
P 
P 
N 

. P  
P 
P 
P 
N 
N 
N 
N 
N 
P 
P 
P 
N 
P 
P 
P 
N 
N 
P 
P 
P 
N 
N *  

P Tag number 389. 
P 
P Also pupped i n  1976. 
P 
P 
P 
P 
N 
N 
N 
N 
P 
? 
P Tag number 707. 
P 
P 
P 
P 
P - Also pupped i n  1976. 
P 

P 
P 
P 
P Tag number A5. 
P 
P 
N 
P 
? 
? 

P 
P 

N 
P 
P 
- Tag number A59. 

Seen e a r l y  in 1980 only. 

- 

Seen e a r l y  i n  1980 only. 
Seen e a r l y  i n  1980 only. - 

- 

- - 
P Tag number 944. 
N 
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Appendix Table F1.--Survival data. 
including age ( i n  days),  the number of pups which could have been seen a t  
that age (N), and the number of pups known t o  be a l i v e  a t  that age (OBS). 

Data used t o  calculate  Figure 30 

Age N OBS N OB S N OBS N OBS % Alive 

Birth 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
110 
120 
130 
140 
150 
160 

42 
42 
41 
41 
40 
40 
39 
39 
39 
37 
36 
34 
31 
29 
25 
21 
16 

41 
40 
39 
37 
36 
36 
35 
34 
34 
32 
29 
27 
24 
23 
19 
17 
13 

29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
28 
28 
28 
24 
22 
20 
19 

28 32 
28 32 
28 32 
28 32 
28 31 
28 31 
28 30 
28 29 
28 28 
26 27 
25 23 
25 18 
24 15 
21 11 
19 9 
17 7 
16 5 

31 33 32 
29 33 28 
29 33 27 
29 33 27 
27 33 27 
27 33 27 
26 33 27 
25 33 27 
24 32 26 
24 30 24 
20 30 24 
16 26 20 
14 24 18 
10 23 17 
8 22 16 
6 21 16 
4 18 13 

97 
92 1) 

91 
90 
89 
89 
39 
88 
88 
86 
84 
83 
.82 
82 
80 
81 
79 

Appendix Table F2.--Data used t o  ca lculate  Figure 31. 
from Appendix Table F1; Midway data from Rice (1960); and Kure data from 
Wirtz (1968). 

Laysan data are 

~ ~ 

Lays an Midway (N = 17) Kure (N = 56) 
Age 

(days)  N OBS % Alive OBS % Alive OB S % Alive 

10 136 126 92 12 71 50 89 
20 135 123 91 11 65 46 82 
30 135 121 90 9 53 36 64 
40 133 118 89 8 47 15 27 
50 133 118 89 7 41 3 5 
60 131 116 89 6 35 2 4 
70 130 114 88 6 35 2 4 



63 

Appendix Table F3.--Data used t o  ca lculate  Figure 32. 
which would have been a t  l e a s t  "age" days old a t  the end of the ir  yearling 
f i e l d  season. OBS = the number of  those pups which had not died or disap- 
peared by that age. 

N = number of pups 

1978 1979 To t a l  
Age 

(days) N OB S N OB S X Alive 

Birth 
52 

104 
157 
209 
26 1 
313 
365 
41 7 
47 0 

29 28 
29  28 
29 26 * 

29 25 
29 2 4  
29  21 
29 19 
29 17 
29  17 
20 10 

32  
32  
32  
32  
32  
3 2  
3 2  
32 
3 2  
29 

31 
28 
27 
27 
27 
27 
27 
26 
26 
22 

97 
92 
87 
85  
8 4  
7 9  
75  
7 1  
7 1  
65  
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Appendix Table  F4.--Data used i n  Appendix Table  F3. 
pups born on  Laysan i n  1978 and 1979. Pups a r e  numbered i n  o r d e r  of b i r t h  
f o r  each year .  Column headings a r e :  
when l a s t  s een  ( i f  t h e  s e a l  was seen  w i t h i n  2 weeks of i t s  "max. pos. age" 
it was l i s t e d  as su rv iv ing  t o  t h a t  a g e ) ;  
between b i r t h  of a pup and t h e  end of t h e  f i e l d  season  t h e  fo l lowing  yea r  
( t h e  maximum number of days a n  animal could have been s e e n ) ;  S t a t u s :  S = 
survived through t h e  y e a r l i n g  f i e l d  season,  D = disappeared (migrated o r  
d i e d )  p r i o r  t o  t h e  end of t h e  y e a r l i n g  f i e l d  season,  o r  M = known m o r t a l i t y ;  
Assigned M/D a s  - es t imated  disappearance age ( s e a l s  which d isappeared  
dur ing  a f i e l d  season  were g iven  an  M/D age 1 day a f t e r  t h e i r  l as t  s i g h t i n g ,  

, and s e a l s  which d isappeared  between f i e l d  seasons were g iven  an  M/D age 
halfway between t h e i r  las t  s i g h t i n g  and t h e  s t a r t  of t h e  next  f i e l d  season) .  

F i r s t  yea r  s u r v i v a l  f o r  

&e last  seen = age ( i n  days)  of a pup 

= t h e  number of days &. E. 

1978 Age las t  Max. Assigned 
PUPS seen  pos. age S t a t u s  MID age Notes 

1 
2 
3 
4 
5 

6 

7 
a 

9 
10 
11 
12  
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

24 
25 
26 
27 
28 
29 

559 
5 51 
5 21 
454 
211 

270 

508 
26 5 

117 
162 
500 
89 
4 93 
450 
489 
442 

482 
83 

473 
46 9 
3 5 4  
213 

459 
338 
0 

442 
442 
176 

482 

559 S 
5 51 S 
521 S 
519 D 
519 D 

515 D 

508 S 
5 08 D 

5 04 D 
501 D 
500 S 
498 D 
4 93 S 
491 D 
489 S 
483 D 
482 S 
482 S 
482 D 
473 S 
469 S 
46 2 D 
459 D 

45 9 S 
448 D 
443 M 
442 S 
442 S 
41 8 D 

M/D during 1979 season. 
M/D between October 1978 

and t h e  1979 season. 
M/D between December 1978 

and t h e  1979 season. 

M/D between December 1978 
and t h e  1979 season. 

M/D during 1978 season. 
M/D during 1978 season. 

M/D during 1978 season. 

M/D during 1979 season. 

M/D during 1979 season. 

M/D during 1979 season. 

M/D during 1979 season. 
M/D between December 1978 

and t h e  1979 season. 

M/D during 1979 season. 
Born dead. 

M/D between December 1978 
, and t h e  1979 season. 
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Appendix Table F4.--Continued. 

1979 Age l a s t  Max. As signed 
PUPS seen pos. age Status M/D age Notes 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

576 
57 6 
574 
56 2 
33 

554 
5 53 
548 
5 47 
442 
53 5 
527 
525 
5 24 
5 23 
518 
490 
101 
3 38 

3 
8 

506 
503 
497 
480 
490 
489 
0 

47 1 
46 5 
457 
43 4 

576 
576 
574 
562 
559 
554 
5 53 
548 
5 47 
53 8 
535 
5 27 
525 
5 24 
5 23 
518 
51 5 
513 
508 
507 
506 
506 
503 
497 
496 
4 90 
489 
485 
47 1 
46 5 
457 
43 4 

S 
S 
S 
S 
D 
S 
s 
S 
S 
D 
S 
S 
S 
S 
S 
S 
D 
D 
M 
M 
M 
S 
S 
S 
D 
S 
S 
M 
S 
S 
S 
S 

M/D during 1979 season. 

MID during 1980 season. 

M/D during 1980 season. 
M/D during 1979 season. 
Died during 1980 season. 
Died during 1979 season. 
Died during 1979 season. 

M/D during 1980 season. 

Born dead. 

. 
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