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A Comparison of Whole and Thin-Sectioned Otolith Aging Techniques
and Validation of Annuli for Arctic Grayling

Abstract
Inlbflnadon on age and gfo$th is es\enlial for the conserlation and mrnagement offish species. Age is often estimaied using the
banding structure in orolrths. but the technique used c.rn influence the estimate. especially in slow-gfolving, long-lived species.
Counts ofiranslucent bands ft{)Ill both whole rnd thin-sectioned Afctic grayling('l hrndl16 arcti.ur) otoliths from ihe Kutaruk
Ri!cr. Alaska. gale \inrilar age estimates. r\ge estiJnater from whole otoliths rlere less variable. particularly forolder age groups.
and wcr c much casicr 1o prcparc and rcad ihar thin scction s. Conrparison ol gro$ th of indj\'idual taggcd iish io a \on Bcrl alanlly
gro\llh model releal.d thal thc lransluccnl ings arc truc annuli. This approach 1() validalion ma) bc mon usclirl in noahem
latitudes $here other techniques are inpracticrl. Our nud] sho$s that wholc oblilhs pro!ide a 1an. reliable. cost etlecti\e
techniquc lbr agc cslim,rtion o1 this long li\cd. slolv growing ll\h spccics common !o rhc Nor(h,{ncrican Arclic.

lntroduction

Arctic -qrayling, Tltyrnallus ardictrs lPallus), are
widely distributed in the Arctic. often dominat
ing l ish comrnunities in streanrs and lakes (Tack
l 0 7 l .  C r r i e r  r l .  l g g 2 r .  T h c l  a r c . l o u  g r o u i n g .
Iong-lived, and late-rnaturing, especially in the
nofthemmost populations (Reed 196,1, Beauchamp
1982, Norlhcote 1995). Information about agc
at naturity. longevitl,, andlength at age is essential
for the maragement and conservation of the
species.

Age of t ishes is typically estimlted by ceunt-
ing bands in such hard pafis as scales, fin rays,
and sagittal otoliths, but both the hllrd pan exam-
ined and the aging method used can .yield dilfer-
ent age estimates. Otoliths are considered the most
accurate bony structurcs tbr cstimaling ages of
slow growing, long lived species because they arc
less susceptible to resorbtion c()mpared to more
mctabolically active pans (Beamish and McFarlane
1983). Lateral views of whole Arctic grayling
otoliths yielded band counts which were nore
closely correlated with llsh size than u,ere band
counts from scales. f in rays. whole and sectioned
vertebrae, and rvhc,le and sectioned opercula (Yole
1975, Sikstrom l983, Menitt and Fleming l99l ).
Cross-sections of otoliths havc bcen advocated
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tbr longJived, slou-grou,ing species because dif:
fercntiating closely spaced bands near the out-
side edge ofan otolith can be difficult using whole
otoliths. This occurs most often when the annual
growth increment is small and tish have large
otoliths (as is typical of older fish) and leads to
an underestimate of the true age of thc fish. For
example, Power ( 1978) fbund that lateral views
of whole otoliths yieldcd undcrcstinrates of age
of Atctic whitefish (Coregtntrs cltrpeufonnis) by
up to 20 years when compared to otoliths cross
sectioned using the 'broken and burned' method.
Barber and McFarlane (1987) and Kristoffersen
and Klemetsen (1991) found that broken and
bumed otolith sections gave higher ages than sur-
facc-cxamincd wholc otoliths for some stocks of
Arctic char (Salvelintrs alpinus). Thin scctions,
in which a cross-section is sliced from the otolith
and examined microscopically. have given higher
estimates ofages than have whole otoliths orbroken
and burned sections tbr some species (Casselnan
1983). Meniu and Fleming (l991) lbund that
whole otoliths ofArctic grayling produced higher
estimates of age than did broken and burned
otoliths. but they did not examine thin sectioned
otolitbs.

An additional problem in estjmating the age
offish using hard palts is knowing the frequcncy
of f irrnration of the bands. Translucent bands on
otoliths ofArctic grayling are assumed to repre-
sent annuli (Sikstrom 1983). but this assulrption
has not been tested because many of the valida-
tion methods are impractical at extreme northcrn



lrt i tudes. One approach that has bccn used ln
some species where other approaches cannot be
used is to develop avon Berlalanlly growth model
assuming the transluccnt bands are annuli and to
detcnniDe if the model produces growth param
eters (e. g.. nrean asymptotic length. L.) that are
rcalistic (Casselman l987. DeVries and Fric 1996.
Burnham Curtis and Bronte 1996). This nethod
can indicate the reasonablcness of the annuli as-
sumption. although it is not detlnit ive. Thc best
technique fbr estimatin-s the age of a fish is one
in rvhich the frequency oftirrmation of the band
ing structure in the hard pafi has been validated.

Our obiectives in Lhis study were to: l) com-
pi:re age estimates for Arctic grayling using pol-
ishecl rvhole otoliths and otdith thin-scctions. and
2) validate tbrmation of ololith annuli by cou-
pling the von Bertalanffy growth model $ith
growth of individual tagged tish. We provide an
aJternale approach to validating annuli fonnation
which may be usetirl in high latitudes where other
techn jques are impractical.

Methods

F sh  Co l  ec t lon

Arctic grayling were collected from a reach of
the upper Kuparuk River near whcre it crosses
the Dalton Highwal'on thc North Slope ofAlaska
(68'N. 149'W: Figure l). As part of a long-term
study of the population dynamics of Arctic gray
ling begun in 1985. f ish havc been collected, anes-
thetizcd (MS 222). weighed (tl g). measured (f).1
cm total length (TL)), tagged (Floy FD-68B T-
bu anchor tags). and rcleased into thc Kuparuk
River(Figure l). During July-August 1986 1992
we seined, measurcd and fioze 531 fish. Later,
sex of each specimen was determined. and both
sagiftal otoliths u ere removcd and stored dry in
envelopes.

Ag ing  Techn ique Compar ison

Age estimates from \\, hole and thin-sections should
differ n.rost in larger, older fish (Casselman 1987):
therefbre, sub-adult and adult l lsh 21.5 to ,13.6
cm TL (26 males.20 females) werc used to com
pare techniques. One otolith from each tlsh *'as
rcad whole and the other was thin-sectioned. The
distal surt 'acc ofeach whole otolitb was polishcd
for 3 to 5 sec using.100-grade wet-dry sandpaper
and a drop of clove oil which nlilde the translu-

cent bands more distinct (DeVries and Frie 19961.
Thin-scctions (about 0.l8 mln thick) were made
by embedding unpolishcd. whole otoliths in black
wu on a cardboard backing and cutting them trans-
versely through thc sulcus acusticus on the dor-
sal-ventral axis rvith a diamond saw (Secor ct al.
1992, Alrneida and Sheehan 1997). Exploratory
work revealed that this sectiou (Figure 2a) had
the most distinct translucent bands.

Opaque and translucent band pairs in each of
two preparations were couDted twice on separate
occasions by two readers. Readcrs had no knowl-
edge oftheir previous readings, the otherreader's
results, or the total length of the fish. Polishcd
whole and thin-sectioned otoliths wcre placed on
ablack background (proximal-side dorln for whole
ok)liths) and wefted with liquid dish soap or a
50/50 glycerin/*ater solution to enhance the tans
lucent bands. The otoliths $ere then observed
through a microscopc at magnifications of lOX
to 50X with reflected light. Neither reader had
previous experience reading otoliths. so thcy wcre
trained at the National Marine Fisheries Service
Age and Growth Lab (Woods Hole, MA) at the
stafi of this project.

Age wts estinated by assumiDg that each
opaque and translucent band pair reprcsented one
year: the opaque bands result from fast, sumner
growth and translucent bands from slo\\,, winter
growth (Sikstrom 1981, Jearld 1983, Secor ct al.
1992). A translucent band that generally tbllowed
the ovcrall shape ofthe otolith was considered to
be an annulus. [f a translucent band appeared
f l in t .  r  e ry  naror r .  <phenrer r l  JnJ  J i \ .  r  ' n l inu , ,u \ .
it was considered a "chcck," meaning a false an
nulus that was not counted (Figure 2b). An in-
complete opaque band at the edge of an otolith
was assigned a "+," which reprcscnted incom-
plete summcrgrowth. Readingsof polishedwhole
otoliths rvere generally done on thc do$al and
ventral lobcs (Figure 2b). where translucent bands
uere usually easiest b identity. For the thin-sec
tions, counts werc done along the sulcus. where
the translucent bands were best-defined (Figure
2b). Thin sections were often turned ovcr and
counted on the other side. particularly when the
thin-sections had relatively large numbers of an-
nu l i .

Repeated measures ANOVA was used to dc-
termine if there rvas any signilicant difference in
age bet\i,een rcaders or techniques. The age esti-
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Figure L \'lap offie study afea in the uppef Kuparuk River watershed. Fish rvere capturcd near where the haul road crosses the
Kuparuk Ri!er.

mate (by method) was the repeated nteasure and
reader the main e1lect (Statvie* .1.5. Abacus Con-
cepts 1992). To examine the variabil ity in age
cstimate by mcthod. we plottcd standard devia-
tlon against age and used a t-test to dctermine if
sttrndiLrd devialions dillered betu,een methods. The
mean and standard deviation from tbur readings
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(two readers, two reads per method) were com-
puted fbr each otolith for each method.

Validation

A von Bertalanffy growth model was fitted to
length-aCage data with the equation: L, = L* ( I -
erL'\r) where L, is the total length (cm) at age
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Figurc 2.  a)  Diagmn ofanArcdc grayl ing otol i rh.  The anors indicate rhe crc\s secdon uscd tbr th in-sect ioning (nol i lhs in th is

srud,-. b) Phorographs ofdre larer.i surlacc ofapolished whole otolith (lcil and corresponding thin secdon (righl)
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t (years), L- is thc asyorprotic tottrl length, k is
the growlh coefficient. and tr is the hypothetical
age of otolith fomation using a nonlinear curvc
tltt ing package (SAS 1985). In developing this
model, we assumcd that ffansluccnt bands were
tormed annually. Polished whole otoliths were
used to estimatc the age of 193 males. 166 fe-
malcs and 76 immature tish (a 25 cm TL). Im-
nature fish were used in both nale (n = 269) and
temale (n = 2,12) growth curves.

We assessed thc validity ofassuming that trans-
lucent bands are annuli by comparing length data
from ta-s-qed and recaptured fish to the predic
tions ofthe von Bertalanffy growth model. Data
frorn tagged fish wcre of two types: l) adultf ish
that had bcen caught at least twice and were killed
to determine their age at-final-capture and
backcalculated age at previous-capture. and 2)
juvenile fish that had been tagged at a small size
rvhere initial age could be well-estinrated and werc
later recaptured several times. Fish uscd for the
validation werc not used to develop the von
Bertalanffy growth model. A toral of 50 adulr
fish (22 females and 28 malcs) were used ro de-
terminc the ilge at final-capture (based on whole
otoliths). Age-at-previous capture was back-
calculated by subtracting the number of years
between prevrous capture and final capture fiom
the age at-finnl-capture. A total of ll females
and 24 males werc tagged as juvcniles and re-
captured over a period of7 years. Initial age was
estimated using whole otoliths tiom flsh of the
same sizc fiom the samc year-class and subse-
quent ages estimated by adding years-at-large since
initial capture. The length data 1i)r both age-at-
tinal capture and the age-at-previous caplure u'ere
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then compared to the lel]gth at-age predictions
of the von Beftalanffy growth model using the
95% confidence lirnits ofpredicted lcngths (Draper
and Smith 1981). If the tmnslucenr bands are
annuh, we expect less than 5% of the lcngth-at
age data fiom the tagged tish to lie ourside the
95% confidence limits.

Results

Technique Comparison

Whole and thin sectioned otolilhs gave the same
age estimates, but age estimates from thin-sec
tions were more variable than those liom whole
otoliths. We tbund no difi'erence in the estimated
age of a fish by method or by readeq indicating
that both methods ga\€ similff age estimates (Table
l ) .  \ \e  r l : r  lbund nu  d i f le rence in  i rpe  e{ t ima le :
by technique between males and f'emales (F= 0.52,
p=0.66) .  Age er t in ra le \  f rum th in - :cc t i , ,n \  uerc
morg variable at every age. and variation increased
more rapidly with age tbr thin-sections than for
whole otoliths (Figure 3). The mean standa.rd

TAtsLE | . Results of a repcated neasures ANOVA relaring
ertimated age to reader (lirst or second) and rech-
nqLle (thin scctiolred or \\,holc) otoliths facbrs.
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deviatiol lbr thin-sectioned otdiths age estimates
(0.92) was signil icantly higher 1n=r16. t=3.11,
p<0.001) than the mean standard deviation tirr
whole otolith age estimates (0.51). The higher
variation in thin-section age estimates rcsultcd
tiom difficulty interpreting the banding stmcture,
not from dilTerences between readers. Thin-sec-
tions had taint rings, especially near thc outcr cdgcs.
confusing discontinuities. and the flrst annulus
was often diff icult to discern. Readers lelt inter-
preting ings on the thin sections required more
judgment decisions than did interprcting rings on
whole otoliths.

Annu iVa da t ion

Thc ron Bertalanffy growth nodel exhibited the
classic asynptote at older ages, and estimates of
L. were similar to the largest fish measured fbr
both sexes. Fish were 5 to 43.6 cn TL and from
0 to 22 years old. The largest lemale was 40.7
cm TL and I 1 years of age. while the oldest fe-
male (22 ycars) was only 36 cm TL. The largest
male was,13.6 cm TL and 1 1 years old. while the
oldest nrrle (22 years) was ,12.6 cm TL. The pa
ramctcrs (1 95 7c confidence limits) of the von
Bcnalan[ growth model equations rl'ere: female
- L*= 31.9 (31 .2 38.4). k = 0.27 (0.26 - 0.28).

i=  
-0 .4  ( -0 .5  -  0 .2 ) . f  =0 .96 :male  L-=41.6

( ,10 .9- .12 . ,1 ) .k=0.22  (0 .21  -0 .23) . t i=  0 .5  (  0 .7
- -0.3). rr = 0.98. The gro$,th equations indicate
th i r l  mr le \  tL*  -  - l  |  .6  im r  ru reh  l  l l rger  n ta r i
nrum size than do ttmales (L- = 37.9) but grow
more slowly (Figure ,la & b).

Only 2.67o of the I 87 observations of length-
at-age from tagged lish rvere outside the 957c
conlldence interval for the predicted length-at-
age (Figure ,1). Adult hsh used lbr otolith age
estimates $ere typical ol fish from the Kuparuk
Ri rc r  l lemr le r :  u re .  14 . -  r  m TL.  ran !e  27 .5  t , '
37.I cm TL; males: ave. 36.6 cm TL. rtnge 27.5
to 39.8 cm TL). These fish were approximately
8 - 9 ycars old: the oldest fish was 13 years old
and the youngest b ckcalculated age was 6 ycars.
Timc between previous capture and llnal capture
of tagged lish ranged from 1 to 5 years: 2,1 fish
were recaptured atter I year. 16 affer 2 years, ll
al'ter 3 years, I after,l years and 1 atier 5 years.
For females, no length at finafcapture and only
I lcngth-at-previous capture fell outside the 957o
confidence interval (Figure :1a). Onc obscrvtr-
tion is less than the 2.2 observations (5c/r, of 11
observations) expectcd to l ic outside the 95%

confidence limit. For males, no length at final
capturc and 2 length-at-previous-captures lt l l
outside the 95% confidence interval (Figure.lb).
Approximately 3 observations are expected to Iie
outside the 957o confldence limits (2.8:5% of
-56). In all cases, the length at age estimates fbr
both final-capture and previous-capture were well
within the rarge ofthe data used to consffuct the
von Benalanffy growth n0de1.

The length-at-age and the growth pattem of
fish tagged asjuveniles also closely followed the
von Bertalanffy growth model (Figure .le & tl.
For both nales and fernales, the averrge init ial
size at tagging was 2;l cm TL with an cstirnated
age of4 years. Fish were at large lbr between J
and 7 years belween initial and final capture and
were recaptured 3 to 6 times. Final size ranged
from 33 to.+0 cm TL and final age ranged trom 6
- l2 years. Of the 38 estimates of length-at-age
for females and:{9 estimates for nales, only two
length-at-age observations (onc malc, one fcmale)
Iie outside the 95Tr conlldence interval. Overall,
growth curlcs for individual f ish l ie within thc
95'l, ' , contldence interval, although one or two
individuals apparently grew much taster at younger
ages thaD expected based on the von Bertalanffy
growth nodel.

Discussion

Cross sections (broken and burned or thin sec
tions.) ofoklliths. rather than whole otoliths, havc
heen irLl\ i rrled l i 'r aBinB l,,nB-li! cd- \1,  ̂r -Er. 'u inE
fishes (Power 1978: Beamish 1979a, 1979b: Barber
and McFarlane 1987: Kristoilersen and Klemetsen
l99l). Worthington et al. (1995), however sug-
gested using aging methods that are uncompli-
cated and cost effective, so long as the methods
providc rcliablc data. Our study. l ikc thosc ol
Baker and Timmons ( 1991 ) and Burnham-Curtis
and Bronte ( 1996), denonstrates that tor some
species whole otoliths need only be polished to
produce age estimates similar to and more pre-
c i \e  thJn  e \ l i rn . r le )  L le r i reL l  l r !m . r \ ' \ \ - \ec l iun)
even in a long lived. slorv growing species. Thin
sectioning did not yield dif l 'erent agcs nor did it
improve the precision of age estimates compared
to those froor whole otoliths. Thin-sections had
very faint dngs. especially near the outer edges,
a sonetimes indistinguishable first annulus. and
confusing d iscontin uit ies. In addition, they were
time consuming to prepare, fragile and difficult
to store. Similar difficultics wcrc rcpofted tirr'
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broken and burnedArctic -qrayling otoliths (Meritt
andFleming l99l). Werecommend the usc of whole
otoliths for estimating age ofArctic grayling as the)'
were much casier to prepare and read than thin-
\eclion. Jnd lrr ' \ iJctl the ' lnte a[:< e.timaler.

The comparison between tagged fish growth
and the von Bertalanffy growth model prcdictions
indicate that the ffanslucent bands rcpresent an-
nuli. The lcngth-at age data 1br virtually all
(97.3%) adult andjuvcnile l lsh l ie within the 95%
confidence interval, and thc pattern ofindividual
fish growth over time is consistenl with the von
Beftalanlfy growth model. The strongest evidcncc
is the conlbrmation of size at age of the juvenile
fishcs to the model because these fish are rapidl)'
growing and the contidence limits are narrow.
Adult grayling growth is asymptotic as predicted,
but confidence limits in this region ofthe growth
curve are large. This analysis allowcd us to tbl
low the growth of individual f ish from'1 yeats
old until they rvcre 12 yeals old. We fbllou,ed
them through the rapid growth phase and inb the
asymptotic growth phase where detection of an-
nuli becomes problematic. By coupl ing j uvenile
growth with an anaiysis of adult growth we were
able to validate fonnation of annuli over the agc
range of 3 to 13 years. Detcrnrining the timing
lnd frequeni;, rl 'r,t l lrth i ncremenl ltrrrrrt ion u'inr.:
knorvn age fish and marking otoliths is the most
definit ivc method of validation (Getl 'en 1992.
DeVries and Frie 1996), but the application of
chemicals to mark otoliths in rvild fish popula
tions is currently resLricted by the United States
Food and Drug Administration. Until this kind
of infbrnation is availablc for Arctic grayling.
our analysis indicates that the assunption of an-
nular formation ol translucent bands in Arctic
grayling otoliths is reasonable.

Testing the von Beftalanffy grcwth modelbased
on the assumption of annual rin-e ti)rmation and
using tagged tish providcs an alternative method
for validating otoliths in fish populations at high
latitudes and lemote areas where othcr methods
are not feasible. Incremental edge analysis, in which
fish are captured year-round 10 analyze the de
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velopment of translucent and opaque bands on
otoliths (Beamish and McFarlane 1983), is not pos-
sible because Arctic wate$ ale often inaccessible
tiom Nevember to May. Analysis of the changes
ir length-trequency distributions ovcrtime (McNew
and Summefelt 1978, Weatherley and Gin 1987)
does not work wcll because as the year classes age,
the length distributjon of individual cohorts over-
lap and bccome indistinct. IdeDtifying individual
age cohorls becomcs inpossible for older fish.
Gauldie ( 1990) suggestcd that in some temperate
and tropical lish species, weightvnries widcly within
a year and the banding strxcture ofotoliths may be
linked to gains in weight rather than length. This
night lin.Lit the uselulness of the von Bertalanffy
growth model based on length as a validation method
jn sonre fish populations. ln Arctic grayling. as
in many northern latitude species (e.9., Fechhclm
et al. 1995), growth in length and weight show a
strong positive conelation (rr = 0.96), and their
rapid growth in thc summer (up to 80 g and L5
cmTL) lbllowed by no growth over winter is ideal
fin thc production of distiDct annual bands on
otoliths (Jearld 1983, Secor et al. 1992, Dcegan
andPeterson 1992). Thus, northern fish have ideal
growth characteristics lbrusing the von Bertalanlly
growth model linked to tagged fish growth to
validate the btrnding structure of otoliths.
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