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Afndract: We assessed sourves of varistion in e use of tooth cementum |;l}'vrs to determine ape h}' conypuing
vonnts in pronelar toath sections o known ages of 20 sea atters {Evhydra utris), Three readers examined
vach smnple 3 times, and the 3 readings of cach sample were averaged by reader to provide the mean eslimated
e The e (SED of the known age sample was 5.2 vears {107 and the 3 mean estimated ages were 7.0}
V1AL A L uned, 44 7050 The propurtions of estinutes acenrate to within £ 1 vear were 025, 055, and
163 und Lo within =2 sears (h3, 080, and 1.70), b\' reailer
Vers errar were (0240 (! Lin and 0.5, Ervors as Llrht- as 7. B, und 3 VEMS WeTe mle g readers. In tew

The proportions of samples estimated with =3

instiices did alt readers nniformly provide either aceurate ferror <1 vrl or inaccurale terror =1 ve) connts,
I most cases (853101 or 2 of the readers provided aconrate cotnts. Coelfictents ol determination (B2} hetween
knewere apes wd mewn estinuted ages were 081, 087, and 087, by reader. The vesales of this study sngeoest
that cernentun favers within sen otter premolur teeth likely are deposited anmnally and can be nsed for ape
estinon. However, oriteria used in mterprelm;_\ lmt‘r\ dplmrt-'nl]\ varied lJ\ rt‘d(lm uf_umund“\ resultmfr in
Lirge errors, which were nob consistent ameong m.tdon. While large errors were evident for some individoal
otters. there were no differences between the known and estimated age-class distributions generated by each
veacder. Lintil UOCTITCY il baes ilnpr()\'vd\ ;11)[)[1(::1ti(m of this deing tt‘vhniqnv should be Hmited to sumplt- Shees
of al leust 67 individuals within g classes of =1 VEUr
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The ability to accuralely estimate age has
broad .1pphcahtm in research and management
of long-lived nummals. Acenrate detenmination
of individual age is fundamental to esthnating ac-
enrately age structure in populations as well as
age-specific measures of reproduction, growth,
or survival. The use of cemertum depaosits in the
teeth of muninals as an indication of age has

beconie routine (Gmie and Jensen 1979, Faney

1980. Perrin and Myrick 1980}, Apparcnt laver-

il']g of cementumn is a consequence Of intra-an-

nual (seasomal) variation in growth {Klevesal
1980} resnlting in a density gradient in annual
(lep()€|t|(m Variation in the dl‘stl]l(.,tl()l’l of cemen-
tum deposits aceurs amnong and within species,
and nay resnlt from inter-aonual variation in
growth cansed by euvironmental (e.g., tempera-
ture or daylight] or physiological (reproduction,
estivation or nutrition) factors. Thereforc, accu-
racy in assigning ages to individuals based on ce-
mentinn depasits can vary both among and with-
in species. For example, based on individuals of
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known age among some carnivores, accuracy es-
timates (proportion of estimates without error)
range from 0.88 in black bears (Ursus american-
us; Mclaughlin ct al. 1990}, 0.54 in grey sels
(Halichoerus grypus; Mansficld 1991}, 0.60 in
grey wolves {Canis hupus; Goodwin and Ballurd
1985), to 0.32-0.43 for polar bears (Ursus arctos;
Hensel and Sorensen 1980},

Over the past 20 years, layers in sea otter teeth
have been used to develop age-specific popula-
tion data, as well as individual life history data.
However, little verification that these lavers rep-
resent annuli has cceurred. Assnmed stability in
annual environmental and nutritional  factors
were responsible for the lack of annual growth
layers found in sca otter teeth (Kenyon 1969}
However, following development of staining pro-
cedures, Schneider (1973), concluded that all sea
otter teeth display cementumn layering, although
some are more regular and distinet than others.
Furthermore, he found 7 annuli o a single cap-
tive sea otter known to he 7 vears of age, imply-
ing the dcposits may represcnt annuli. Assuming,
cementum dep()sits 1'L:prcscnted annuli in sea ot-
ter premolars, Carshelis (1984) developed a
method for estimating age, using wmorphological
features such as head color, length, weight, and
tooth wear, Comparing cemenium counts to es-
timated or known ages of 10 sca otters from Cal-
iformia, Pietz et al. (1588} concluded that the ac-
enracy of the technique us an indicator of age
for sea otters was similar to other species. A neo-
natal line in the dentine and enamecl was iden-
tified from Russian sea otters, and cstimated ages
of juveniles were obtained by counting daily lay-
ers subscquent to the neenatal Jine (Ryzanov and
Klevezal' 1991). They also suggested the first ce-
mentum layer’s position, relative to the root tip,
could be used to determine if deposition oc-
curred during the first or second winter of life.
Buscd on the assumption that age estimates from
tooth sections are accurate, several authors have
recently provided age-specific survival and repro-
ductive data for sea otters based on the use of
cementum layers to ostimate age (Garshelis et
al. 1984, Siniff and Ralls 1991, Bodkin et al
1993, Jameson and Johnson 1993},

Despite the increasing use of cementurn de-
posits as annuli and the need to validate any age
estimating technique with known age samples
{Dapson 1980}, the accuracy of cementum lavers
for estimating age has not been tested for sea
otters beyond that deseribed above, During the
past 2 decades, large numbers ol sea otters in
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California and Alaska have been captured,
marked, and released. Over tiine, many mem-
bers of this sample were either recaptured or
their carcasses recovered. From these recovered
animals, a first premolar was extracted and ar-
chived, providing a tooth from an aninal of
known age. In this paper we examine for the first
time the decuracy and precision of using ceme-
tum layers te estimate sea otter age by compar-
ing kuown ages to estimated ages based on pre-
molar tooth samples. We deseribe accuracy by
comparing the mean estimated ages of each of
3 readers to the known ages. We evaluate pre-
cision by comparing mean estimated ages be-
tween replicated tooth samples within reader 17i-
nally, we compare the age distributions gener-
ated by cach reader to the known age dlistribm-
tion and recommendations  for
application of the ageing method and future re-
search to improve accuracy.,

This work was supported by the Caifornia
Department of Fish and Gane, U.S. Fish and
Wildlife Service, and U.S. Ceological Snrvev.
Esslinger managed and facilitated the study de-
sign. B. Ballachey, A. Dorofl, M. Fedorko, B,
Hardy, B. Hatficld, K. Modla, 120 Monson, and
F. Wendell contributed to the marking and re-
covery of specimens. S. Arthur, L. Holland-Bar
tels, P Pictz, M. Udevitz and 1 anonvmous re-
viewer reviewed the manuscript,

METHODS

In Cualifornia and Alaska, dependent (<6
months of age) and juvenile sea otters cstimated
to be <1 year old, based on weight, were marked
with uniquely numbered/eolored plastic  tags
{Temple Original Cattle Euar Tag, Temple. Tex.:
on their rear flippers. One or more vestigial first
premolar tecth were removed from recaptured
otters or from beach-cast carcasses of those ot-
ters marked at =1 year of age. Teeth woere air-
dried following tissue removal and stored in pa-
per or glass containers. Each tooth was decalei-
fied in IN hwdrochloric acid, and sectioned lon-
gitudinally at 14 pm with a rotany micratome
{Am. Optical Model 820). Four scctions were
tuken at or near the midline from each tootl
Sections from 1 or 2 teeth (8§ sections) were
mounted on a single glass slide, stained with
Giemsa solution {Ricca 3250-16; Stone ot al.
1975}, and coverslipped. Counts of comentum
depaosits were made through a variable power
(20-160%} djssecting microseope uncler trans-
mitted }ight or with a Leitz (:Umpmmd THiCTO-

provide
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scope at 60-250X. We calculated the expected
number of cementum deposits (known age) by
estimating a birthdate {based on weight and de-
pendency status of sea otter at capture) and an
annual cementum deposition date of 1 March
(Hyzam(lv and Klevezal’ 1991).

We examined premolars from 20 known age
sea otters, aged 0-14 years. Twelve (0.60) were
dependent at the time of first capture (<X0.3 yr;
Jamesen and Johnson 1993). The mean weight
and standard error (SK) of dependent otters was
6.8 kg (SE = (.93). The mean weight and SE of
the remaining 8 independent ofters was 13.0 kg,
(SE = 095) indicating an age of <1 year. The
sumiple consisted of 11 fernales and 9 males, 5
of which were from Alaska and {5 from Califor-
[lln:l,

Three readers experienced in reading sea otter
tooth sections independently counted the num-
ber of cementun deposits in our sutnple. Fach
tooth sample provided 48 sections that were ex-
amined, from which one estimate of the age was
made. In addition. 14 of the 20} teeth were rep-
resented by a second premolar tooth from the
same animal, that provided 4-8 replicate tooth
sections, so that our study consisted of 20 inde-
pendent premolars and a sample of 14 replicate
premolars. The sample was read 3 times by each
reader. All readings were conducted mdepen-
dently, without knowledge of the known age of
the sample, results of other readers, ar their own
previous results. Following each reading, the
complete sample was renuinbered randomly to
reduce potential recognition bias. Data collected
for cuch tooth during each reading inctuded the
estimated age (based on the no. of cementum
layers), a certuinty code, and a histology code.
The certainty code reflected the reader’s level of
certainty in the estimate, based on the distinc-
tiveness and continuity of the layers within and
among tooth sections and the estimated age of
the animal: A (high confidence in reading): B
{moderate): C {low}. The histology code reflect-
ed the condition of the tooth sections: A (nor
mal), B {broken), or  {abnhormal).

Accuracy was calenlated as the proportion of
mean estimated ages with =<1 vear differences
trom the known age, for each reader (n = 20).
Precision was estimated within reader by com-
paring mean counts of tooth sections from a dif-
lerent premolar from the same animal (n = 14),

The distributions of mean estimated ages and
of known ages for the sample of 20 teeth did not
meet the assumption of normality. Therefore,
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comparisons among and within reader, as well as
comparisons with known ages were analyzed
with a Friedman randomized block analysis of
variunce on ranks with tooth sample as the block
(1-way repeated measure ANOVA). Multiple
comparison procedures (Dunnett’s method comn-
paring estimated age against known age; or Stu-
dent-Newman-Keuls method comparing be-
tween readers) were used to isolate the gronp or
groups that differed from the rest. The Fried-
man randomized block ANOVA (or the Mann-
Whitney rank-sum test when only 2 classes were
present) was used to test for differences in errors
{the difference between estimated and known
age) within reader, by histology code, reliabilitv
index, and sex of the otter. Linear regression and
the standard errur of the estimate of i for a fixed
x (8,,) was used to quantify the association be-
tween cstimated and known age within reader.
The ¢ stutistic was used to test for differences in
regression coefficients between readers and ex-
pected intercepts of zero and slopes of 1. The
estimated and known age class distributions of
the samples were compared with Chi-square
analysis,

Faired #-tests were used to compare estimated
ages of the 14 replicate tooth samples, within
reader. Friedman randomized block ANOVA on
ranks was used to compare the 2 median esti-
mated ages from the 14 replicate tooth sample
readings to the median known age. All data were
tested for normality and equality of variance be-
fore analysis. Significance for all tests was as-
signed a priori at =0.05. All statistical analyses
and tests of significance used SigmaStat statisti-
cal software (Jandel Scientific, San Rafael,
Calif.).

RESULTS

The actual mean age of our otters was 5.1
years, while the mean ages (SE) estimated by the
3 readers were 7.0 (1.0), 5.9 (1.2), and 4.4 (0.8}
for readers 1, 2, and 3. Median age estimates
among readers differed significantly (x2 = 28.3,
2 df, P < 0.0001), with no two readers being
similar (Student-Newman-Keuls multiple com-
parison procedure, P < 0.05). In addition, the
median estimated ages differed significantly from
known age among readers (x2 = 30.6, 3 df, ¥ <
0.0001}, with reader 1 differing from the known
age (Dunnetts method, ¢ = 4.94, 1 df, P < 0.03)
but not readers 2 or 3 {q° = 1.74 and 1.90). Be-
cause of this difference ameng readers, we made
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Fig. 1. Accuracy of estimated ages, by reader, for a sample

of 20 sea otters whose ages are known to =1 year,

all subsequent comparisons by individual reader
with known ages.

Mcean errors greater than 3 years woere uncom-
mon: 020, 0.10, and 0.05 of the estinates for
readers 1, 20 and 3 (Fig. 1), Proportions of csti-
males with errors =2 years were 0.63. 0.80, and
0.70 . The proportions of mean estinades with
errors = | vear (our definition of accurate} were
(.25, 0.55. und 0.65 for the 3 readers.
no siguificant relation between either the cer-
tuinty or histology code and the mean error, tor
any reader (P = 0,13, 0.60, and (.31, for readers
L, 2, and 3). There was alse no significant relation
hetween the mean error of anv reader and the
sex of the sea otter being .J.gt'd (P = 076, 0.52
e L34 for readers 1. 2, and 3).

The relation between estimated age and
known age differed slightly among readers, sug-
gesting individual bisses in counting cementinm
lavers (Fig. 2). The estimates of reader 1 were
U()[mbtent]\’ grealer than the known age, and the
i intercept of the regression line was significantly
dilferent than zero (+ = 2.95. 19 df, P < 0.01).
Reader 2 closely approxiniated known age in the
YOUNZET ages, t(—'nd.mg, to slightly overestimate as
age increased. Reader 3 closely approximated
known ages in the yvounger age classes but con-
sistently wnderestimated age, as age increased.

There was
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Fig. 2. Plots of mean estimated ages against known ages.
Ninety-five percent prediction interval, coefficient of determi-
nation, and standard error of the estimate, by reader{. . ... .
expacted line, assumes no eror). intercept of reader 1 signif-
icantly different than Q. Slope of reader 3 significantly different
than 1.

The slope of the regression line of reader 3 sig-
nificantly differed from 1 (¢ = —3.23, 19 di, P
<101}, Coeffivients of determination (R} Tor
known age {independent variable} regressed
against mean estimated age (dependent variable}
ranged from 0.81 to 0.87 {'I"ig 2}

Mwdmun (mean) errors in ape estiinates
woere: reader 1= +7.0 years [+ 1.9). reader 2 =
+5.7 vears (+(0.8), and reader 3 = —4.3 YOurs
{— U,r), In 17 of 20 saniples. the mean estimate
ol age differed from the known age by =1.0 year,
for at least one reader (Fig. 3). Reader 1 provid-
times: reader 2, 8
times: and reader 3, 12 times, For 7 samples, 2
readers shared estimates that were equally close
to the known age. In 3 of the 20 samples no
rcader obtained an acenrate estinate (error =1
)"I‘) andd Tor those 3 estimates meun errors range(l
from 1.3 to 3.7 years. When known ages were
regressed against the cstimated age with the low-
est ertor among readers, the coefficient of de-
termination was high (R? = 0.7, SE = 0.73}.

Although we found differences in each rewd-
ers abi]it}-' to cstimate age accurately, those dif-

ed the hest mean reading 7
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Fig. 3. Comparison of differences between estimated and
known ages of 20 sea otter premolar tooth samples, by reader.
Bars represent +1 SE from the mean.

ferences did not bias the distribution of estimat-
ed versus known age classes. We partitioned the
data into 3 (02, 39, 10-17 vr) age classes that
are commenly used in age-specific analyses (Fig
4]. Chi-square values were 117 (2 df, P = 0.38),
GO0 (2 df P = LOOY. and 0.78 {2 df. P = 0.68)
lor readers 1, 2, and 3. The mediaon munber of
obserations por cell was 7 (range 2-9).

T meet the seeond ohjective of this study, we
examined consisteney of estimates within rcadoer
by comparing mean estimated ages between 14
paired tooth samples exumined independently.
The actual mean age of these 14 replicate sam-
ples was 9.1 years (SE = 0.82), compared to 5.1
vears {SE = 0499) lor the sumple of 20, Mean
estimated ages ranged [rom 6.7 to 10.1 vears (Ta-
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Fig. 4. Distribution of known and estimated sea otter age
classes by reader,

ble 1). No statistical differences were detected
between the mean cstimated age of the first and
second replicate readings within observer (Tuble
1; reader 1, paired ¢+ = —0.45, 13 df, P = 0.66;
reader 2, 1 = 0.11, 13 df, P = 0.68; reader 3, ¢
=038, 13df. 7 = 0.71). In 11 of the 14 repli-

Table 1. Mean estimated ages for replicate tooth samples, by reader and assignment of “best” reading (lowest error} to reader:
“a" indicates reader(s) achieving most accurate reading of first replicate and “b" indicates reader(s) achieving most accurate
reading of second replicate (column means and SE at bottom of table).

Meun estirnated ages [n reader

“lest reader™

Knienam

e T Lk T 2h Ju b 1 2 3
3 7.5 3] 7.3 3.3 3 2 ab
5 3.7 53 3.7 4.7 23 L.7 ab b
6 g 113 8.3 7.3 6.7 5] ab
7 b 8 7T T 3 3 ab
o] 28 o 5T BT i 7.7 ab
g 8.3 9 TV 8.3 6.3 6 ab

10 10.3 11.3 11.3 11 10 10 ab

10 10 1633 0.7 11.7 8.3 9 ah

10 1.3 9.3 10.7 127 73 i b S

L1 110} 13.7 11 123 6.7 73 ab

12 11 10.7 16.3 15.3 3.3 L a,b

12 107 123 11.7 137 3.3 5.7 b a

12 1.3 10.7 9.3 87 6.7 a7 ab

14 15.3 13.7 13 11 11 10 b a
4.1 10,1 10 11 g6 6.7 6.2 Mean
08 0.4 0.6 09 0.8 07 0.7 SE
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cated teeth the best (lowest error} mean esti-
mated age was provided hy the same reader for
hoth readings (Table 1). In one of the 14 repli-
cate samples, the best reading of one of the other
readers equaled one of the best readers 2 esti-
mates.

While we found the median age estimates of
readers 2 uned 3 accurately reflected the true age
of the sample of 20 otters in the firsl component
of this study. this pattern did not hold in our
replicale {l.ltasf'l of 14, Median age estimates
provided by readers 1 and 2 did not ditter from
actnal age (rf'adm' 1, =20, 2df. P = 037,
reader 2. 7 = 4.68, 2 df P = .09}, but did for
reader 3 (x7 — 114, 2 df. P = 0.003, Fricdman
rundoniized block ANOVA on runks),

DISCUSSION

Our data suggest that the dilferences in esti-
mates among readers was a result ol differing
criteria nsed by each reader. Acenrate readings
{error =1 yr) were provided by all readers for
relatively few suriples (0.20; Fig. 3). In most in-
stances (0.63) 1 or 2 readers provided accurate
ages, and rarcly did no reader (0.15) provide an
accurate estimate, Reader 1 apparently consid-
ered some lines of deposilion as distinct annuli
that readers 2 and 3 considered as components
ol a single annuli or “complex annuli.” Reader 3
tended to underesthoate ages, likely by consid-
ering 2 depositional lavers as a single anmli. Two
periods in the sea otter’s life occasionally ap-
peared to result in indistinet cementum de ‘posi-
tion. The first in the developmental period, ages
(-3, the second in aged animals, =10 vears old.
While the criteria used by any single reader 1may
nat apply equally to all animals in onr sa.mp](—‘
those eriteria used by all readers, when appro-
priately  applied will provide estimates  close
(=<1.0 yr) to known ages in most {0.85) instances.
Analyses comparing the most accurate {lowest
error) of the 3 readers” estimates to known ages
suggests an upper limit Lo accuracy may be about
.85 {R? = 0.497).

The ugr(—?em(—?nt between replicate readings in
our study {Table: 1) suggest that criteria used in
counting deposits were applied consistently with-
in reader. This was demonstrated by the same
reader providing the most accurate rg.admg__'s in
11 of the 14 replicate tooth samples. This con-
sistent application of ¢riteria also was evidenced
by comparing the results of the 2 components of
this study. In the scenracy component where the
mean known age = 3.1 yeurs, reader | signifi-

Bodkin et ol
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cantly overestimated the known ages, while read-

er s mem estimate did not differ from the
known age. In the precision component where
the mean known age = 9.1 vears, counts made
by reacder 3 were significantly lower than the
known ages, while reader 1’s mean age was not
different from the known age. These compari-
sons demonstrate hiases of these readers (Fig. 2)
and their consistent :J.pplicution in estiinating
age. A similar pattern of consistency within read-
er was demonstrated by Ficte et al. (1988}, in-
dependent of accuracy,

The extent to which the actual age of indiviel-
uals in our sample is known varies because of a
number of sea atter life history characteristics.
Most of our sample (0.60) consisted of depen-
dent pups at initial marking so potential error in
our age at recupture or recovery should be <3
months. The weights of independent otters at
initial marking ranged from 8.2 to 173 ke, and
include the average weiglt at weaning for Culi-
fornia sea otters (<13.6 ke Ricdman et al. 1994},
Therefore, we recognize a potential source of er-
ror of up to 1 year in 0.40 of our “known” ages
of otters independent at initial caprure hecause
of individual, inter-armual, and spatial variation
in dependency periods and estimated weaning
weights. In addition, we were able to comt only
cenentum deposits in discrete whole numbers,
while we recopnize that age is u continuous var-
able, as sca otters are boru throughout the year
(Kenyon 1969). Because of these potential
sources of error in assigning initial “known” ages,
we consider counts of cementum deposits that
differ by less thun 1 vear to be accurate. Our
estimate of accuracy (0 25-0.65) in this ageing
tet.hmque is 511[]]]4]‘ to estinates of aveuracy
from other camivores (0.32-0.88). A 1:1 relation
fwithout crrort between the estimated number
of cementumn deposits and known age has not
been described for any long-lived species.

The accuracy of age estimates based on ce-
mentum layers depends on how strongly cemen-
tum dep(}.sltl()n is influenced seasonally. The pro-
vess of cementim deposition may be related to
one or mwre factors, including environmental
conditious, resource availability, physiology, or
helavior (Law 1952, Grue and Jensen 1979, Kle-
vesal” 1980}, These {octors likely vary on time
and spatial scales, as well as among individuals,
resulting in differences in the amount and timing
of cementum depaosition. Such variation in the
depasition process may lead to somne of the dif-
ferences we observed among otters {i.c., 46 and
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45; Fig. 31 Our observations suggest deposition
muay e maost variable in the early vears of growth
anel development and again as an animal be-
comes aged,

Protocels used when counting cementum de-
posits in sea otter teeth may be improved, Par-
ticular attention should be made in defining the
criteria used 1o ussign annuli to deposits made
during the developmental vears and in the old-
est ages. None of the readers in this experiment
had u catalog of known age sea otter premolar
tooth sections from which to develop ageing eri-
tevia, The known age tooth sarples nequired
during this study can provide a valuable tool in
inrther developing and refining the protocols
nsed to define and count cementum deposits in
the premolar teeth of sea otters, Although de-
velopment of the method muyv he possible with
the aid of the smuples used in this study and
additional readers, further testing of the readers
used in this study will reqguire additional known
age specimens from wild sea otter populations
that arc diffienlt to obtain,

Accuracy of the method currently may be
suilitble lor estimating age class distributions, or
useful in estinating age specific demographic
variables such as growth, survival or reproduc-
tive rates, hased on relatively large sample sizes
within age gronpings. I our test, with experi-
cneed. although untested readers, 6.-7 sea otters
per age class closely approximated the known
LY distribution. However, until improvement
in the accuracy of the technigque can be den-
onstruted, age esthmates of individual sea otters
with cementnm deposits patentially  contain
large crrors and shonld he nsed with cantion.
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