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PRECISION OF AGE DETERMINATION 
OF NORTHERN OFFSHORE SPOTTED DOLPHINS 

Stephen B. R e i l l y ,  A le ta  A. Hohn, 
and A l b e r t  C. Myr ick,  Jr. 

Southwest F i s h e r i e s  Center 
Nat ional  Marine F i she r ies  Service,  NOAA 

La J o l l a ,  C a l i f o r n i a  92038 

ABSTRACT 

We inves t i ga ted  w i t h i n -  and between-reader p r e c i s i o n  i n  es t ima t ing  age 
f o r  nor thern  o f f sho re  spot ted dolph ins and poss ib le  e f f e c t s  on p r e c i s i o n  from 
the  sex and age-class o f  specimens. Age was est imated from pa t te rns  o f  growth 
l a y e r  groups i n  the  dent ine and cementum o f  t he  do lph ins '  tee th .  Each 
specimen was aged a t  l e a s t  th ree  times by each of two persons. Two data 
samples were studied. The f i r s t  comprised 800 o f  each sex from animals 
co l  1 ected d u r i  ng 1973-78. The second i n c l  uded 45 femal es c o l l  ected du r ing  
1981. There were s i g n i f i c a n t ,  genera l l y  downward t rends through t ime i n  the  
est imates f rom m u l t i p l e  readings o f  t he  1973-78 data. These t rends were 
s l i g h t ,  and age d i s t r i b u t i o n s  from l a s t  readings and mean est imates per 
specimen appeared t o  be homogeneous. The l a r g e s t  f ac to r  a f f e c t i n g  p r e c i s i o n  
i n  the  1973-78 data s e t  was between-reader v a r i a t i o n .  I n  l i g h t  o f  t he  
r e l a t i v e l y  h igh  w i  th in - reader  p rec i s ion  ( t rends  considered),  t he  cons is ten t  
between-reader d i f f e rences  suggest a problem o f  accuracy r a t h e r  than p r e c i s i o n  
f o r  t h i s  ser ies.  Within-reader c o e f f i c i e n t s  o f  v a r i a t i o n  averaged 
approximately 7% and 11%. Poo l ing  the  data r e s u l t e d  i n  an average c o e f f i c i e n t  
of v a r i a t i o n  near 16%. Wi th in-  and between-reader p r e c i  s ion  were h igher  f o r  
the  1981 sample, and the data homogeneous over both fac to rs .  CVs averaged 
near 5% and 6% f o r  the  two readers. These r e s u l t s  p o i n t  t o  f u r t h e r  
ref inements i n  reading the  1981 ser ies.  P roper t i es  o f  the  1981 sample may be 
p a r t l y  respons ib le  f o r  g rea ter  p rec is ion :  by chance there  were p ropor t i ona te l y  
fewer o l  der do l  ph i  ns i nc l  uded, and prepara t ion  and s e l e c t i o n  c r i t e r i a  were 
probably more s t r i  ngent. 

INTRODUCTION 

The p r e c i s i o n  o f  growth l a y e r  group ageing of cetaceans has no t  been 
p rev ious l y  addressed i n  the l i t e r a t u r e .  I n  r e l a t i o n  t o  ageing f i s h  v i a  sca le 
p a t t e r n  readings, Beami sh and Fourn ie r  (1981) and Chang (1982) d i  scussed 
s t a t i s t i c s  t h a t  are genera l l y  appl i c a b l  e t o  measurement o f  w i  t h i  n-reader 
p r e c i s i o n  b u t  d id  n o t  develop q u a n t i f i c a t i o n  o f  between-reader p rec is ion .  

I n  s t a t i s t i c a l  j a r  on, accuracy i s  de f ined as the  closeness o f  a measured 
o r  computed value t o  i 9 s t r u e  value; p r e c i s i o n  i s  the  closeness o f  repeated 
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measurements o f  t h e  same value (Sokol and Rohl f ,  1969). 
r e f e r s  t o  l ack  o f  b ias,  w h i l e  h igh  p r e c i s i o n  i s  genera l l y  
v a r i  ance. Thi s te rmi  no1 ogy i s  f o l  1 owed here. 

Th is  paper addresses the  p r e c i s i o n  o f  es t ima t ing  

That i s ,  accuracy 
synonymous w i t h  low 

age f o r  nor thern  
o f f sho re  spot ted  dolph ins (S tene l l  a a t tenuata) .  Age i s  est imated from 
pa t te rns  o f  growth l a y e r  groups i n  the  dent ine and cementum o f  t he  do lph in ' s  
t e e t h  ( P e r r i n  and Myrick 1980). V e r i f i c a t i o n  o f  the  accuracy o f  t h i s  
technique ( f o r  c l  ose ly  re1 ated Hawai i an sp i  nner do l  ph i  ns, Stenel 1 a 
l o n g i r o s t r i s )  i s  addressed i n  Myr ick e t  a l .  (MS) and i s  n o t  d i r e c t l y  
considered here. Poss ib le  confounding o f  accuracy prob l  ems w i t h  apparent 
p r e c i s i o n  i s  discussed, i n  r e l a t i o n  t o  the  s l i g h t l y  d i f f e r e n t  methods used by 
the  two readers i n  t h i s  study t o  est imate age from growth l a y e r  group (GLG) 
pa t te rns  (Myr ick e t  a1 . 1983). 

We i n v e s t i g a t e d  both w i t h i n -  and between-reader p r e c i s i o n  and poss ib le  
d i f f e rences  due t o  the  sex and age c lass  o f  specimens. Two data samples were 
se lec ted  and analyzed. Analyses f o r  each sample are presented separate ly ,  
then discussed j o i n t l y .  

DATA SOURCES AND SAMPLING STRATEGY 

The f i r s t  data sample was se lected from nor thern  o f f sho re  spot ted 
dolph ins k i l l e d  i n c i d e n t a l l y  i n  tuna seines dur ing  1973-78 (n=1600; 800 each 
sex, drawn randomly from over 8,000 t o t a l  ). The o r i g i n a l  experimental design 
c a l l e d  f o r  each specimen t o  be read th ree  times by two readers, a l l ow ing  f o r  
computation o f  w i  t h i  n- and between-reader var iance. Each reading was made 
"b l ind , "  t h a t  i s ,  w i thou t  knowledge o f  prev ious readings f o r  t h e  specimen by 
e i t h e r  reader, and w i t h  no accessory i n fo rma t ion  on the  s i z e  o r  l i f e  h i s t o r y  
t r a i t s  o f  t he  specimen. Time i n t e r v a l  s between successive readings va r ied  
from days t o  months. 

Data from each reading o f  a too th  p repara t ion  were recorded i n  a common 
format (F igu re  1) .  Add i t i ona l  elements were added t o  the  reading record  pos t  
fac to :  sex, consecut ive reading days and reading number f o r  t he  specimen by 
the  reader. 

Dur ing the  course o f  the  study, i t  became apparent t h a t  the  ageing 
techniques were s t i l l  under development. Also, through t r i a l  and e r r o r ,  t he  
t o o t h  p repara t ion  techniques improved, and standards f o r  accept ing a 
p repara t ion  as "readable" became more r i g i d .  Consequently, 1 a t e r  readings 
were no t  necessar i l y  aged us ing exac t l y  the  same techniques o r  under the  same 
cond i t i ons  as e a r l i e r  readings and are  the re fo re  n o t  t r u e  r e p l i c a t e s  f o r  
measuring w i th in - reader  p rec is ion .  

A second sample was drawn from nor thern  o f f sho re  spot ted do lph in  females 
captured du r ing  1981, t o  i n v e s t i g a t e  w i th in - reader  var iance under constant  
cond i t ions .  There was some i n d i c a t i o n  o f  d i f f e rences  i n  p r e c i s i o n  f o r  ageing 
"young" and "o lde r "  animals i n  the  1973-78 se r ies  (discussed below). The 1981 
sample was drawn i n  two age groups t o  address t h i s :  below and above 160 cm i n  
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t o t a l  l eng th  ( t h i s  was approximately the  l eng th  a t  which both between- and 
w i  t h i  n-reader est imates began t o  diverge: a1 so discussed bel  ow). 

Sample s i z e  f o r  each s t ra tum was determined w i t h  the  f o l l o w i n g  c r i t e r i a :  
95% conf idence w i th  a r e l a t i v e  bound o f  10% (1.5 y r s )  on the  average age 
est imate (about 15 y r s ) .  Presample est imates o f  the  var iance were taken from 
the  1973-78 readings ( s 2  = approx. 9.5 f o r  <160 cm; 13.5 f o r  >160 cm). For  
each s t ra tum the  sample s i z e  was est imated as n l  = t2s2/b2 (Cochran, 1977). 
The s t ra tum est imates are n l  = 4(9.5)/2.25 = 17, and n2 = 24. The sum (41) 
was se t  as a minimum. A sample o f  45 was a c t u a l l y  drawn. 

Within-Reader P rec i s ion  

Methods 

Acknowledging the  poss ib le  change over t ime i n  methods used f o r  t h e  1973- 
78 readings, we analyzed the m u l t i p l e  readings per  specimen by each reader as 
repeated measures. Th is  was done t o  compare the  magnitude o f  w i th in - reader  
var iance between the  1973-78 and 1981 data, the  l a t e r  having been examined 
w i th  constant  methods. Fo l low ing  Chang (1982) the  c o e f f i c i e n t s  o f  v a r i a t i o n  
(CV=SDxlOO/mean) and ' ' ind ices o f  p rec is ion ' '  (D=CV/Jii) were ca lcu la ted .  Here 
the  sample was d i v ided  i n t o  th ree  age groups: 0-4 y rs ;  4-12; 12+ y rs .  Four i s  
t he  approximate age a t  160 cm t o t a l  l eng th  (Hohn and Hammond, manuscript: and 
see above), and 12 i s  the  approximate age a t  sexual m a t u r i t y  (Myr ick,  
unpubl ished).  To extend the  ana lys is  beyond t h a t  de f ined by Chang (1982), we 
t e s t e d  fo r  age-group d i f f e rences  i n  C Y  and D by ana lys is  o f  var iance 
(ANOVA). We a l so  tes ted  f o r  d i f f e rences  between the  readers '  p r e c i s i o n  w i t h i n  
each age c lass  (and over a l l  ages) by t - t e s t s .  

Resul ts  

Even cons ider ing  the  suggested change i n  methods over time, the  o v e r a l l  
CVs are n o t  h igh:  11.2% average f o r  reader 1, 7.7% average f o r  reader 2 
(Table 1) .  The CVs increase s i g n i f i c a n t l y  w i t h  inc reas ing  age f o r  both 
readers. The Ds show a very s i m i l a r  p a t t e r n  (Table 2). 

C V  and D represent  r e l a t i v e  p r e c i s i o n  w i t h i n  the  readers 
actual  mean ages f o r  each reader by age-group c e l l  a re  i n  Tab 

Between-Reader P rec i s ion  

Methods 

e s t  
e 3. 

mates. The 

A graphic measure o f  between-reader d i f f e rences  by age was def ined. For 
each specimen, the  signed d i f f e r e n c e  between reader 1 ' s  mean and reader 2 ' s  
mean as a percentage o f  t he  pooled mean age (PM) was p l o t t e d  aga ins t  PM. I n  
the  r e s u l t i n g  f i gu res ,  values grea ter  than zero f o r  a specimen i n d i c a t e  t h a t  
t he  mean est imate by reader 1 was h igher  than the  mean est imate by reader 2. 
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Values l e s s  than zero i n d i c a t e  t h e  opposite. Values on the  f i g u r e s  are a lso  
i nformat i  ve i n  represent ing the between-reader d i  f ferences re1 a t i  ve t o  t h e  
pooled mean value, r a t h e r  than i n  absolute t ime u n i t s .  

Between-reader p r e c i s i o n  was a lso  measured i n  t h e  CV and D analyses, and 
(as discussed below) i n  an ana lys is  o f  covariance. On a per specimen basis,  
s i g n i f i c a n t  d i f f e r e n c e s  between the  readers '  means were t e s t e d  f o r  w i t h  t- 
t e s t s .  The frequency o f  s i g n i f i c a n t  t values i s  an i n d i c a t o r  o f  o v e r a l l  
between-reader p r e c i  sion. 

Resul ts 

The reader means appear t o  d iverge w i t h  inc reas ing  age (Table 3).  This 
can be seen i n  F igures 2 and 3, which show the  signed % d i f f e r e n c e s  between 
reader means as a f u n c t i o n  o f  pooled mean age. Reader 1 est imated h igher  than 
reader 2 f o r  o l d e r  animals. For younger animals (~4.0 years pooled mean) 
reader 2 ' s  est imates are s l i g h t l y  higher. These d i f f e r e n c e s  are apparent i n  
the  means (F igure  2 )  and 1 a s t  readings F igure 3 ) .  I n  a l l ,  the  mean est imates 
are s i g n i f i c a n t l y  d i f f e r e n t  f o r  46.8% o f  t h e  males, 47.0% o f  the  females ( f rom 
t - t e s t s  1 

The by-reader, w i t h i n  age-class comparisons o f  mean CV and D show 
s i g n i f i c a n t  d i f f e r e n c e s  i n  the magnitude o f  p r e c i s i o n  as w e l l ,  reader 1 
genera l l y  having h igher  CVs and Ds (Tables 1 and 2).  

Tests f o r  Trend i n  Age Estimates 

Methods 

M u l t i p l e  regressions o f  l a s t  readings per specimen were made on e a r l i e r  
readings ( X l )  and elapsed t ime i n  days ( X 2 )  between the  readings. Th is  was 
done f o r  t h e  e n t i r e  data set, and f o r  s i x  reader (2) by age-group ( 3 )  
categor ies.  I n  each m u l t i p l e  regression, we t e s t e d  f o r  departure from u n i t y  
o f  the  c o e f f i c i e n t  r e l a t i n g  l a s t  t o  e a r l i e r  readings (Bl). Such a departure 
would i n d i c a t e  a t r e n d  i n  ageing method w i t h  t ime. Actual values o f  the  
c o e f f i c i e n t s  are n o t  e a s i l y  i n t e r p r e t a b l e ,  though, due t o  poss ib le  covariance 
w i t h  B2, t h e  c o e f f i c i e n t  f o r  the  elapsed t ime var iab le .  An ANOVA o f  
regress ion c o e f f  i c i  ents  over groups was a1 so conducted. 

pred 

Resu 

Secondly, we ran a m u l t i p l e  ana lys is  o f  covariance (MANCOVA) o f  l a s t  
readings on t h e  same two pred ic to rs ,  w i t h  age group ( 3 )  sex and reader (2) as 
f a c t o r s .  Th is  method examined the  importance o f  these t h r e e  f a c t o r s  and t h e i r  
i n t e r a c t i  ons, a f t e r  a d j u s t i  ng f o r  covariance between the  1 a s t  readi  ngs and the  

c t o r  var iab les.  

t s  

The m u l t i p l e  regressions show a s i g n i f i c a n t  departure from u n i t y  i n  t h e  
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regress ion  c o e f f i c i e n t s  o f  l a s t  on e a r l i e r  age est imates,  i n  f i v e  o f  s i x  
reader by age-group c e l l s ,  and i n  the  combined data (Table 4). The data 
subset w i t h  no t ime t rend  i n  age est imates (B1=1) i s  reader 2, age (4.0. 
Otherwise, the  l a s t  reading was s l i g h t l y  lower than e a r l i e r  readings, on 
average (i.e., B 1  s i g n i f i c a n t l y  l e s s  than 1.0). The ANOVA i n d i c a t e d  t h a t  
regress ion  c o e f f i c i e n t s  were d i f f e r e n t  between the  c e l l s .  That i s ,  t he re  were 
d i f f e r e n t  r a t e s  of change over time, the grea tes t  decrease being i n  reader 1 ' s  
ageing o f  "1 arge" animal s. 

The MANCOVA showed t h a t  reader and (as expected) age-class were 
s i g n i f i c a n t  f a c t o r s  i n  es t ima t ing  age from GLGs, as was t h e i r  i n t e r a c t i o n  
(Table 7) .  Sex was no t  s i g n i f i c a n t  i n  t h i s  t e s t  nor were any i n t e r a c t i o n  
terms i n v o l v i n g  sex. These r e s u l t s  can be i n t e r p r e t e d  as t e s t s  o f  the  
s i g n i f i c a n c e  o f  sex, age c lass  and reader on est imated age, a f t e r  adjustment 
f o r  the  covar ia tes,  which bo th  r e l a t e  t o  a t r e n d  w i t h  time. 

Age D i  s t r i  b u t i o n  Comparisons 

Methods 

I n  t e s t s  above, reader, age-class and ( i n  some t e s t s )  sex have shown 
s i g n i f i c a n t  e f f e c t s  on p r e c i s i o n  and magnitude o f  est imated ages. Given t h i s ,  
i t  was o f  i n t e r e s t  t o  see i f  such d i f fe rences  were t r a n s l a t e d  i n t o  the  
r e s u l t i n g  age d i s t r i b u t i o n s .  Poss ib le  d i f f e rences  between readers, sexes and 
est imate types (means vs l a s t  readings) i n  the  r e s u l t i n g  age d i s t r i b u t i o n s  
were examined v i a  chi-squared contingency tes ts .  Animals o f  15 years o r  o l d e r  
were pooled i n  these tes ts .  Th is  was done because near ly  a l l  15 year  o lds  are 
sexua l ly  mature (Myr ick,  unpubl ished data)  and because d i f f e rences  i n  age 
s t r u c t u r e  are p r i m a r i l y  re1 evant t o  s tud ies of reproduc t ive  ra tes .  

Resul ts  

The age d i s t r i b u t i o n s  tes ted  (Table 6) are heterogeneous across a l l  
reader comparisons, w i t h i n  both est imate types (Table 7 1. The d i s t r i b u t i o n  o f  
c h i  -squared s t a t i s t i c s  by age-cl ass f o r  t he  between-reader comparison o f  
females us ing  pooled mean ages (F igure  4 )  shows t h a t  the grea tes t  c o n t r i b u t i o n  
t o  the d i f f e r e n c e  comes from a few o lde r  age groups. D i f fe rences  i n  the  15+ 
group con t r i bu ted  h e a v i l y  i n  a1 1 between- eader comparisons. The 
d i s t r i b u t i o n s  f o r  t he  two est imates (pooled mean and l a s t  reading)  are n o t  
d i f f e r e n t ,  however. 

For comparison o f  males us ing  pooled means, the  ages c o n t r i b u t i n g  t o  
between-reader d i f f e rences  were more w ide ly  d i s t r i b u t e d  among the  4+ year  o l  ds 
(F igure  5). S i m i l a r  pa t te rns  were seen i n  the  between-reader comparisons o f  
l a s t  reading age d i s t r i b u t i o n s :  s i g n i f i c a n t  d i f f e rences  i n  female- being 
p r i m a r i l y  i n  the  12+ year  o lds,  and i n  the  males being d i s t r i b u t e d  more w ide ly  
i n  younger age groups. It i s  no t  c l e a r  why t h i s  sex r e l a t e d  d i f f e r e n c e  has 
occurred. It i s  perhaps r e l a t e d  t o  the d i f f e r i n g  age d i s t r i b u t i o n s  recorded 
f o r  females and males, the l a t t e r  having r e l a t i v e l y  more i n d i v i d u a l s  i n  the  4 
t o  12 year  classes. 
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1981 SAMPLE 

The overall mean age i n  this sample of 45 females i s  10.912 years 
(SD=8.09), as compared t o  13.93 years (SD=8.36) i n  the larger 1973-78 sample. 

Within-Reader Precision 

Methods 

For the 1981 sample, within-reader precision was determined by three 
methods. The coefficients of variation and indices o f  precision were computed 
and compared, as w i t h  the 1973-78 sample. As a t h i r d  approach, we conducted 
an ANOVA of agebest, w i t h  age-groups ( 3 )  and readers ( 2 )  as factors ,  and cycle 
as a repeated measure w i t h i n  reader. While not assigning an expl ic i t  
s t a t i s t i c  for precision such as CV or D, this method measures the significance 
of variance from each effect  i n  determining overall "agebest" and i t s  
vari ance. 

Results 

For reader 1 the C V s  and 'Ds are lower on average i n  the 1981 than the 
1973-78 sample: CV=4.85 vs 11.28, D=2.79 vs 6.59 for females (Tables 8 and 
9).  Reader 2 maintained about the same CV level (6.90 vs 6.12) b u t  declined 
i n  D (3.53 vs 4.55). For b o t h  readers, average coefficients of variation of 
l e s s  than 5% indicate h i g h  within-reader precision. The change i n  w i t h i n -  
reader precision between the two data se t s  i s  discussed further below. 

As i n  the 1973-78 sample, precision declined w i t h  increasing estimated 
specimen age for both readers. For the oldest age-group (over 12  y r s )  CVs are 
7.08% and 8.47% for readers 1 and 2, respectively. In the ea r l i e r  sample, 
these were 13.26% and 8.03%. Cell means and variances for the actual age 
estimates are presented i n  Table 10. 

Between-Reader Precision 

Methods 

As w i t h  the 1973-78 sample, between-reader preci s ion  was studied u s i n g  t- 
t e s t s  of mean age estimates by specimen, and of mean C V  and D w i t h i n  age- 
groups. The  ANOVA described i n  Wi t h i  n-Reader Preci si on a1 so tested between- 
reader preci si on. 
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Resu l ts  

The ana lys i s  o f  var iance (Table 11) i n d i c a t e s  t h a t  t he re  i s  no 
s i g n i f i c a n t  d i f f e r e n c e  i n  cyc le  w i t h i n  reader, agreeing w i t h  the  low w i t h i n -  
reader CVs. By d e f i n i t i o n ,  there  i s  a s i g n i f i c a n t  age-group e f f e c t ,  b u t  f o r  
t h i s  data ser ies ,  there  i s  no reader e f f e c t .  Nor are the reader by group, o r  
group by c y c l e  (w i th in - reader )  i n t e r a c t i o n s  s i g n i f i c a n t .  These r e s u l t s  f o r  
actua l  age est imates are supported by the l ack  o f  s i g n i f i c a n t  d i f f e rences  
between reader mean p r e c i s i o n  s t a t i s t i c s  (CVs and Ds) w i t h i n  age c lasses 
(Tables 8 and 9).  A p l o t  o f  the  signed d i f f e rences  between-reader mean ages, 
as percentages o f  t he  pooled means, shows a narrow, r e l a t i v e l y  un i fo rm band 
around zero (F igure  6) .  I n  combination, these r e s u l t s  i n d i c a t e  t h a t  f o r  the  
1981 sample, t he re  was genera l l y  h igh  p r e c i s i o n  both w i t h i n -  and between- 
readers i n  repeated age estimates. 

The actual  percent  o f  cases i n  which the  w i th in - reader  mean ages d i f f e r e d  
s i g n i f i c a n t l y ,  by one year  o r  more, was around 20% (9/45). Th is  i s  down from 
near l y  50% i n  t h e  1973-78 sample. I n  keeping w i th  the  genera l l y  lower 
p r e c i s i o n  i n  ageing o l d e r  animals, the mean age o f  the  animals f o r  which the  
readers '  means were d i f f e r e n t  was 16.7 years,  compared t o  10.9 f o r  t he  e n t i r e  
sampl e. 

Age D i s t r i b u t i o n s  

Methods 

To compare the  age d i s t r i b u t i o n s  r e s u l t i n g  from the  1981 sample 
est imates,  we used the  same techniques as w i t h  the  1973-78 sample: poo l i ng  
animals aged 15 and o lde r  and computing chi-squared s t a t i s t i c s  t o  t e s t  the  
nu l  1 hypothesi  s o f  homogenei ty. 

Resul ts  

The age d i s t r i b u t i o n s  r e s u l t i n g  from the  1981 sample readings from the  
two readers are n o t  d i f f e r e n t ,  when pooled as descr ibed above ( X 2  = 0.87) 
(Appendix 3). The l i m i t e d  sample o f  45 i s  not, however, r e a l l y  adequate t o  
de f i ne  an age d i s t r i b u t i o n  w i t h  a maximum age o f  over 30 years. (The e n t i r e  
1981 sample was no t  prepared f o r  ana lys is  i n  t ime f o r  t h i s  w r i t i n g .  When i t  
i s compl e t e  , more meani ng fu l  age d i  s t r i  b u t i  on compari sons i nvol  v i  ng these data 
can be made.) These p re l im ina ry  age d i s t r i b u t i o n  comparisons are cons is ten t  
w i t h  the  o ther  between-reader comparisons discussed above i n  i n d i c a t i n g  no 
s i g n i f i c a n t  between-reader d i f ferences.  

DISCUSSION 

There are s i g n i f i c a n t ,  genera l l y  downward t rends through t ime i n  the  
est imates from m u l t i p l e  readings o f  the  1973-78 data. These t rends are s l i g h t  
and do no t  r e s u l t  i n  d i f f e r e n t  age d i s t r i b u t i o n s  from l a s t  readings and pooled 
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mean estimates ( a t  l eas t  on the scale examined here). The largest  single 
factor affecting precision i n  t h i s  data ser ies  i s  between-reader variation. 
In  l i g h t  of the relatively h i g h  within-reader precision (trends considered), 
the consi stent between-reader di f ferences suggest a problem of accuracy rather 
than precision for the 1973-78 series.  That i s ,  the two readers, using 
s l ight ly  different  methods to  determine age from a ser ies  of GLGs produced 
significantly different  resul ts  for this data set .  

W i t h i n -  and between-reader precision i n  estimating age is  higher for the 
1981 ser ies ,  and the data are homogeneous over both factors. I t  may be t h a t  
the readers have refined the i r  respective techniques to  the point that  they 
produce essent ia l ly  the same results. No conscious consensus or melding of 
the techniques has taken place. Properties of the 1981 sample and i t s  
selection may be partly responsible for the greater precision i n  ageing that  
data set .  There were relatively fewer older animals i n  the 1981 sample 
(Appendix 3):  the mean age was significantly younger. In  both samples, 
w i t h i n -  and between-reader precision declined w i t h  increasing specimen age. 
Also, the quality of tooth preparations was better on average for  the 1981 
s e t ,  and no "unreadable" specimens were included. However, even for the 
younger animals, precision i s  higher i n  the 1981 set .  

Whatever the reasons f o r  change between data se t s ,  the important 
questions remaining re la te  t o  interpretation of the 1973-78 da ta .  What i s  the 
best estimate of age for each specimen? What variance shall be assigned to  
each estimate? 

Given the lack of significant differences between age dis t r ibut ions from 
l a s t  readings and pooled means, of those two s t a t i s t i c s ,  i t  would be 
preferable t o  use the l a t t e r  as age estimates, because they allow direct  
estimation o f  variance ( i f  mu1 t i p l e  readings are regarded as repl icates) .  
However, because of the large contribution from between-reader differences, 
the overall CVs for  the pooled means average near 16%. For the over 12 years 
component, the CVs are nearly 20% ( a s  opposed t o  8% and 13% from individual 
reader estimates). T h i s  may be too h i g h  for some potential uses of age 
data. Consequently, i t  may be advisable to  conduct some subsequent analyses 
w i t h  each reader 's  mean ages separately and examine the sensi t ivi ty  of resul ts  
t o  the differences i n  i n p u t .  

The two s t a t i s t i c s  proposed by Chang (1982) t o  estimate precision gave 
very similar resu l t s  here. The coefficient of variation i s  easier t o  
interpret ,  being i n  units of percent of actual estimates, and therefore seems 
preferable. 



9 

LITERATURE CITED 

Beamish, R. J., and D. A. Fournier.  1981. A method o f  comparing the  
p r e c i s i o n  o f  a se t  o f  age determinat ions.  Can. J. Fish. Aquat. Sci. 
38: 982-983. 

Chang, W. Y .  B. 1982. A s t a t i s t i c a l  method f o r  eva lua t i ng  the  
Can. J. Fish.  Aquat. Sci .  39:1208- r e p r o d u c i b i l i t y  o f  age determinat ion.  

1210. 

Cochran, W. G. 1977. Sampling techniques. T h i r d  e d i t i o n .  J. Wiley and Sons, 
N. Y .  428 p. 

Hohn, A. A. and P. S. Hammond. 1983. Growth i n  the  f i r s t  year  o f  the  
o f f sho re  spot ted dolphin,  S tene l l a  at tenuata,  i n  t h e  eastern t r o p i c a l  
P a c i f i c .  Southwest F i she r ies  Center, Admin. Rep. No. LJ-83-08, 33 p. 

Myr ick,  A. C. Jr. ,  E. W. Shallenberger, I. Kang and D. B. MacKay. ( I n  press)  
C a l i b r a t i o n  o f  dental  l aye rs  i n  seven cap t i ve  Hawaiian spinner dolphins,  
S tene l l a  l o n g i r o s t r i s ,  based on t e t r a c y c l i n e  l a b e l i n g ,  Fish.  Bu l l .  (U.S.) 

Myr ick,  A. C. Jr.  , A. A. Hohn, P. A. Sloan, M. Kimura and D. Stanley. 1983. 
Est imat ing  age o f  spot ted and spinner do lph ins (Stenel  1 a at tenuata and 

Per r in ,  W. F. and A. C. Myr ick,  Jr. 1980. Age determinat ion o f  toothed 
whales and s i ren ians.  Rep. i n t .  Whal. Commn (Special  Issue No. 31, 
229 p. 

Sokol, R. R. and F. J. Rohl f .  1969. Biometry. The p r i n c i p l e s  and p r a c t i c e  
of s t a t i s t i c s  i n  b i o l o g i c a l  research. W. H. Freeman and Co., San 
Francisco, 776 p. 

Stenel  1 a 1 ongi r o s t r i  s )  from tee th  , NOM-TM-NMFS-SWkC-30, 1/ P* 



10 

Table 1. C o e f f i c i e n t s  o f  v a r i a t i o n  (CV) f o r  two readers, by age groups 
(31, w i t h  ana lys is  o f  var iance t e s t i n g  w i th in - reader  
d i f f e r e n c e s  over age groups, and t - t e s t s  o f  between reader 
d i f f e r e n c e s  w i t h i n  age groups. 
dol p h i  ns, both sexes, k i  1 l e d  dur ing  1973-78. 

Data are from spot ted 

Age Group 
( y r s  1 

(Reader 11 (Reader 2 1 
n mean SD 

cv 
t (CV 1=CV, ) P ( t )  SD mean 

cv 
n 

*A<4.0 215 8.26 15.56 59 4.39 9.35 2.571 0.009 
4.O<A<12.0 309 8.73 8.21 72 6.39 6.69 3.065 0.005 

163 8.03 7.32 8.855 <0.001 12.O<A 724 13.26 10.27 

9.091 <0.001 a1 1 1248 11.28 11.18 294 6.90 7.74 

Wi th in  Sum o f  Squares 149072.390 

Mean Square 119.737 
D.F. 1245 

Between Sum o f  Squares 6802.346 

Mean Square 3401.173 
D.F. 2 

16936.677 

58.202 
291 

599.506 

299.7 53 
2 

E q u a l i t y  o f  Means: 
F 28.405 5.150 
D.F. 2, 1245 2, 291 
P(F1 <0.001 0.006 

*A i s  t h e  pooled mean age. 
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Table  2. Ind ices  of p rec i s ion  (D=CV/Jn') f o r  two r e a d e r s ,  by age groups 
(3  1, w i  t h  a n a l y s i s  of var iance  testing w i  t h i  n-reader  
d i f f e r e n c e s  over  age groups,  and t-tests of between-reader 
differences w i t h i n  age groups. 
do lphins ,  both sexes, k i l l e d  i n  1973-78. 

Data a r e  from spo t t ed  

*A<4.0 - 215 5.23 10.40 59 2.85 6.53 2.327 0.020 

4.0 <A< 12.0 309 5.06 4.79 72 4.32 4.64 1.532 0.145 

12.O<A 724 7.64 6.07 163 5.27 4.82 6.482 <0.001 
- 

a1 1 1248 6.59 6.86 294 4.55 5.24 6.620 <0.001 

W i t h i n  Sum of  Squares  56834.582 7 697.605 

Mean Square 45.650 26.728 
D.F. 1245 2 88 

Between Sum of  Squares 1925.677 257.050 

Mean Square 962.838 128.525 
D.F. 2 2 

Equal i ty  of Means: 
F 21.092 
D.F. 2, 1245 
P ( F 1  <0.001 

4.809 
2, 288 
0.009 

*A is  the pooled mean age. 
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Table 3. Summary s t a t i s t i c s  f o r  "agebest," by reader ( 2 )  age-class ( 3 )  
and sex. The "agebest" i s  i t s e l f  a mean o f  a s e r i e s  o f  
readings per  specimen by each reader. 
p r e c i s i o n  i s  repor ted i n  Tables 3 and 4. Data are from 
o f f s h o r e  spot ted dolphins from 1973-78. 

The w i t h i n  reader 

Age Class (From Pooled Mean) 

Reader Male Female Male Female Male Female Male Female 

1 Mean 2.037 1.965 8.157 8.665 22.823 21.543 14.076 15.112 
SO 1.257 1.176 2.782 2.854 6.165 5.761 10.082 9.397 

n 173 147 217 163 385 464 775 774 

2 Mean 2.189 2.145 7.829 8.186 18.001 17.275 11.278 12.267 

SD 1.210 1.143 2.244 2.358 4.584 4.359 7.467 7.149 

n 175 146 223 163 351 428 749 737 
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Table 4. Coefficients and tests of significance from multiple 
regressions of last  reading age estimates on 1) earlier age 
estimates and, 2) elapsed time between the estimates. For B1, 
t-tests of the hypothesis las t  estimate = previous estimate 
(B1=1) are shown. 
dol p h i  n too th  gl g readi ngs. 

Data are from 1973-78 offshore spotted 

A l l  n=5867 24943 <0.001 1.032 0.00464 6.80 <O. 001 0.0090 0.0007 

Reader 1, Small 7090 <0.001 0.974 0.00819 3.13 <0.001 0.0002 0.0002 
n=682 

Reader 2, Small 29306 <0.001 1.002 0.00414 0.49 0.688 0.0006 0.0002 
n=409 

Reader 1, Mid 1722 <0.001 0.906 0.01547 6.05 <0.001 0.0007 0.0007 
n=961 

Reader 2, Mid 8815 <0.001 0.974 0.00735 3.52 <0.001 0.0046 0.0006 
n=470 

Reader 1, Large 1837 <0.001 0.876 0.01451 8.58 <O. 001 0.0089 0.0015 
n=2350 

Reader 2, Large 4774 <0.001 0.967 0.00992 3.35 <O. 001 0.0065 0.0014 
n=995 

ANOVA o f  Regression Coefficients Over Groups: F=38.573, P<O.OOl 
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Table 5. Multiple analysis of covariance of l a s t  reading age estimate 
by reader (2 ) ,  sex (21, and age group (31, w i t h  e a r l i e r  age 
estimates and the elapsed time between estimates as 
covari ates. 

Source of 
variation 

Regression 
ss DF MS F P ( F )  coefficients 

- Age Class 

- Reader 

3054.369 2 1527.185 149.30 

376.935 1 376.935 36.85 

- Sex 17.714 1 17.714 1.73 

A X R  1349.808 2 674.904 65.98 

A X S  0.579 2 0.289 0.03 

R X S  14.131 1 14.131 1.38 

A X R X S  0.005 2 0.003 0.00 

Previous Estimate 116,889.053 1 116,889.053 11,427.41 
(1st covariate) 

Elapsed Time 609.268 1 609.268 59.56 
(2nd  covari a t e )  

B o t h  Covariates 117,125.201 2 58,562.601 5725.25 

~~ ~ 

<o. 001 

<o. 001 

0.188 

<0.001 

0.972 

0.239 

0.999 

<o. 001 0.888 

<0.001 0.006 

<o. 001 

Error 59,869.346 5853 10.229 
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Table 6. Frequencies o f  ind iv idua l  s estimated t o  be w i t h i n  15 age 
classes by sex, reader and estimate type. Chi-squared t e s t s  
o f  homogeneity a re  i n  Table 9. The f u l l  d i s t r i b u t i o n s  from 
which these were summed are reported i n  Appendices 1-4. 

Variable:  Mean Reading Last  Reading 
Reader: 1 2 1 2 1 2 1 2 
Sex : M M F F M M F F 

Age Group 
---------- 

1 
2 

3 
4 

5 
6 

7 
8 

9 

10 

11 
12 

13 

14 

>15 - 

SUM 

45 40 37 30 
46 44 42 39 

42 41 34 41 
41 59 35 42 

41 23 27 20 

25 42 14 20 

30 19 14 13 

20 33 17 17 

19 28 7 26 
20 34 22 29 

21 28 23 28 
25 29 22 38 

23 35 24 33 
16 25 23 51 

361 269 432 310 

775 749 773 737 

45 40 42 29 
46 44 41 40 

44 40 35 40 
43 60 34 43 

39 22 29 20 

25 43 13 19 

26 23 18 14 

20 30 10 17 
18 29 14 31  
23 33 17 25 
18 27 21 30 
25 30 28 33 

16 33 15 35 
21 26 20 49 

363 258 428 298 

772 738 765 723 



16 

Table 7. Summary o f  x2 s t a t i s t i c s  f rom cont ingency t a b l e  t e s t s  o f  
homogeneity of age d i s t r i b u t i o n s ,  across methods (21, readers 
( 2 )  and sexes. Animals o f  15 year  o r  o l d e r  were pooled. Each 
t e s t  had 14 degrees o f  freedom, f e t a l  f requencies are  i n  Table 
8. 

Data Set 

Females, Mean Readi ngs (Mi 

Males, M 1  

Females, Las t  Reading (M2) 

Males, M2 

Femal es, Rdr l  

Males, Rdr l  

Femal es, Rdr2 

Males, Rdr2 

Rdr l  vs Rdr2 

I1 I 1  

I1 I t  

I t  I1 

M i  vs M2 

I 1  I1 

52.17 

42.74 

61.15 

45.08 

8.83 

2.83 

1.47 

0.87 

<0.001 

<o. 001 

<0.001 

<0.001 

0.842 

0.999 

>o. 999 

>o. 999 
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Table 8. Coefficients of variation ( C V )  for two readers, broken down by 
age groups (31, w i t h  analysis o f  variance testing w i t h i n -  
reader differences over age groups, and t-tests of between 
reader differences within age groups. 
spotted dolphins killed i n  1981. 

Data are from female 

Within Sum of Squares 648.536 

Mean Square 15.818 
D.F. 41 

Between Sum of Squares 232.247 

Mean Square 116.124 
D.F. 2 

Equality of Means: 
F 7.341 
D.F. 2, 41 
P ( F )  0.0019 

1157.760 
41 

28.238 

205.183 
2 

102.592 

3.633 
2, 41 
0.0353 

*A i s  the pooled mean age. 
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Table 9. I n d i c e s  o f  p r e c i s i o n  (D=CVIJfi) f o r  two readers, by age groups 
( 3  1, w i t h  ana lys is  o f  var iance t e s t i n g  w i  t h i  n-reader 
d i f f e r e n c e s  over age groups, and t - t e s t s  o f  between-reader 
d i f f e r e n c e s  w i t h i n  age groups. 
do lph ins k i l l e d  i n  1981. 

Data are from female spot ted 

*A<4.0 - 12 0.781 1.847 12 1.781 2.459 1.138 0.133 

4.O<A<12.0 - 15 2.948 2.277 15 3.388 3.484 0.418 0.339 

12.0 A 17 4.088 2.576 17 4.889 3.057 0.829 0.206 

a1 1 44 2.798 2.613 44 3.529 3.250 1.169 0.123 

Wi th in  Sum o f  Squares 216.179 

Mean Square 5.273 
D.F. 41 

385.920 

9.413 
41 

Between Sum o f  Squares 77.416 68.394 

Mean Square 38.708 34.197 
D.F. 2 2 

E q u a l i t y  o f  Means: 
F 7.341 
D.F. 2, 41 
P ( F )  0.002 

3.633 
2, 41 
0.035 

*A i s  the pooled mean age. 
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Table 10. Means and standard dev ia t i ons  o f  age est imates f o r  t h e  1981 
female o f f sho re  spot ted  do lph in  subsample. Age est imates are  
broken down by age group (G1=<4.0; 4.0<62<12.0; 12.0<63), 
reader ( 2 )  and c y c l e  as a repe'ated measure w i t h i n  reader. 

A N A L Y S I S  O F  V A R I A N C E  
C e l l  Means and Standard Dev ia t ions  
Var iab le  . . AGEBEST 

Fac tor  Code Mean Std. Dev. N 95 Percent Conf. I n t e r v a l  

AGE GROUP 

READER 
CYCLE 

CYCLE 
CYCLE 

READER 

CYCLE 

CYCLE 
CYCLE 

GROUP 
READER 

CYCLE 

CYCLE 
CYCLE 

READER 

CYCLE 

CYCLE 

CYCLE 
GROUP 

READER 

CYCLE 

CYCLE 
CYCLE 

READER 

CYCLE 

CYCLE 
CYCLE 

1 
1 
1 

2 
3 

2 
1 

2 
3 

2 

1 
1 

2 
3 

2 

1 
2 

3 

3 

1 
1 

2 
3 

2 
1 

2 
3 

2.30833 

2.30833 
2.35000 

1.24350 

1.25369 
1.26023 

12 

12 
12 

1.51825 

1.51178 
1.54929 

3.09841 

3.10489 
3.15071 

2.35833 

2.44167 
2.44167 

1.29647 

1.26954 
1.29857 

12 

12 
12 

1.53460 

1.63504 
1.61659 

3.18207 

3.24830 
3.26674 

7.83333 

7.63333 

7.83333 

2.96808 

2.78046 
3.05700 

15 

15 
15 

6.18966 

6.09357 
6.14042 

9.47700 

9.17310 
9.52624 

7.90000 

7.44000 

7.54667 

2.68568 

2.27056 

2.76583 

15 

15 

15 

6.41272 

6.18261 
6.01500 

9.38728 

8.69739 

9.07833 

17.45911 

17.32952 
18.02665 

19.70588 

19.82353 
20.73529 

4.36985 

4.85071 
5.26818 

17 

17 
17 

21.95265 

22.31754 
23.44394 

20.11765 

19.23529 
19.05882 

5.67761 

4.29432 
4.42254 

17 
17 
17 

17.19849 
17.02736 
16.78497 

23.03681 
21.44323 
21.33268 

9.93098 11.89326 FOR ENTIRE SAMPLE 10.91212 8.09623 264 
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