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Abstract
Ages de le rmined i iom - .ca les .  o to l i ths ,  dorsa l  f in  rays ,  and pecrora l  f in  ra rs  0 f  a  sample  o f  Ye l lou- . rone Lake ru r rh roar  r rou t
( .So lno  c la r l i )  re re  cor rpared.  

' l  
hc  lour  s t ruc lu res  y ie lded s imi la r  p rec is ion  t ro t {een separare  read ings  b)  a  s ing le  observer .

D is f f .pa .c ics  in  age de tenn ina t ioD.  be t {een scd ie i  dnd the  orher  s ru . tu res  sere  ohscr l td .  0 lo l i ths  tended ro  } ie ld  o ldcr  aaes
than sca les ,  whereas  I in  ra ls  lendd to  y ie ld  ages  s imi la r  to  o r  los f r  than lhose based on  sca les .  The use o f  sca lcs  mar  lead
to  an  ag ing  b ias  rhar  resu l rs  f rom rh t  la i lu re  o f  some f i sh  to  fo rn  sca les  dur ing  thc i r  l i r . r  \ .a r  o1  l i te .

Introduction

The use of scales to age f ish bcgan in the late
l9th-century and is now widel l  appl jed for ag-
ing cutthroat trout, Saimo clorAl. Scales have
bcen used to age cutthroat trout from Yellow-
stone Lake, Ycl lorystone NationaJ Park, since
rnanagement of the lake i !as init iated in the late
1940 ' s  (Laakso  and  Cope  I956 ,  Bu l k l e1  l 96 l ,
Benson and Bulklev 1963), but f ishery biologists
have not been satisl ied with the precision of
estimates based on scale readings. This studv rvas
init iated in an attcmpt to f ind a more satisfac-
tory method fot age assessment.

Recent rcscarch ha-. indicated that othcr
structures mar providc morc precise estrmators
of age anong slow-growin6;, soft-ra1ed, frcsh-
u a t p r  l i - h . s .  B e r a u : e  l l r e  m o - l  p r o m i r i n g . t f u . -
l u r r j  ap l , e rn  d  ru  b "  o to l i t h -  and  f i r r  r a r  scc t i un . .
we selected them for assessmcnt and comparison
w i th  sca les  i n  t h i s  s tud1 .

Otol i lhs have heen used to estimatr thc age
of brook trout, Saltel inus /onrlnal is (Reimers
l9?9); Arct ic grarl ing, T htmallus arct iczs (Sik-
stronr 1983); lake {hitefish, Corsgonus cLupeafur
rnls (Barnes and Power l9B4); round whitef ish,
Prosctpium cyLindraceun (Jessop 1982); cisco or
lake herring, Coregonus artedii (Morin l9B0); and
longnose sucker, C at o st o nus c at()st o mus (T r jp p
and l lcCart 197.X). In general,  fer dif ferenccs
between ages determined from scales and frorn
otol i ths havc been observed among voung f ish,
but est imates based on otol i ths ere consistentlv
older lhan those based on scales for older f ish.

Fin ray sections have been used to age brown
Lror\t, Salmo trutta (Burnet 1969); Arctic gravling
(Sikstron l9B3); lake whitef ish (Mil ls and
Beamish l9B0); and rvhite sucker, Cdroirom&s
comrne r s o ni (MacCrimmon 1979). Like otol i ths,
f in rar sections havc tcnded to vield older age
estinlates than scalcs among older f ish. Burnet
(1969) found that t$o observers correctly read
scales from only 6 of 29 known'age bronn rrour,
nhp r ' a .  Bu rne l  co r re ' " t l \  r . r J  f i n  r a r  - ee t i nn :

from al l  of 22 knorvn-age brown trout.

0n the basis of the results of previous studles
with otol i ths, dorsal f in ray sections, and pectoral
f in ra.t- sccl ions, we selected these structures to
determine i f  they nould yicld better precision
than scales in aging Yellovstone Lake cutthroat
trout. We assessed lhe prccision of age estlmates
between independent readings of the samc struc-
turc bv one observer, as well  as the precision of
age estimates among the four structures bascd
on age dctcrminations derived fron readings b,v
three observers.

Methods

Cutthroat trout were obtained during the annual
gi l l -nett ing assessment of Yel lowstone Lake f ish
stocks b) the U.S. Fish and Wildl i fe Scrvice, on
Scptember 18, 1984. Scales, dorsal fins, and right
pectoral f ins were removed in the f ield, stored
in individual lv coded envelopes, and returned to
the laboratorl  for prcparation and aging. Scales
rrerc scraped with a knife from above the lateral
l ine near the dorsal f in. Fins were cut at the base
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with surgical scissors. Otol i ths were removed
through the roof of the mouth, after gills and the
isthmus had been removed to expose the ventral
surface of the cranium. The otol i ths were re-
moved with forceps, and placed in individual
glass vials containing ?0% ethanol

Scale preparation closely fol lowed the pro.
cedure of Hagenbuck (19?0). A tet mount of
several scales 1!as made on a microscope sl ide
and one scale showing clear annuli  was photo-
graphed. Dorsal and pectoral fins were embedded
in epoxy and sectioned (0.7-0.9 mm thick) rvi th
a microstructural cutting saw. Cross sechons nere
mounted on a microscope sl ide with Permount,
one to two drops of xylene, and a cover sl ip; then
examined under a dissecting microscope. Otoliths
were placed in anise oi l  for four to six weeks
(Reimers 1979). Cleared otol i ths were placed on
microscope sl ides vith a drop of toluene to re'
move the anise oi l  residue, and were examined
under a dissecting microscope, ut i l iz ing ref lected
l ight (Mosher and Eckles 1954).

Annuli  on scales were idcnti f ied according to
the techniques of Lux (19?l).  We rel ied on only
the presence of discontinuous or broken circul i
to identi fy annular marks. When otol i ths were
observed, layers making up spring and summer
growth appeared as rvhite, opaque bands, and
layers laid down during fal l  and winter appeared
as dark, translucent bands (Lux 1971), Similar
zonation patterns 1{ere observed on f in-ra} 'sec-
t ions. The f irst annulus was dif f icult  to identi fv
in many f in-ray sections.

Two independent age determinations (the
reader did not know the results of the previous
reading) rvere made on each structure by one
technician who had been trained in annulus iden-
t i f i , " a l i on .  l o  de te rm ine  l hc  p rec i s i on  among
readings by one observer.

One reading of each structure was conducted
independently by each of two addit ional techni-
cians, The f irst reading by the three technicians
was used as the estimate of f ish age. When trvo
or three of the readings agreed, this value was
accepted as the correct age. When no two read-
ings agreed, the median value was accepted as
the age.

Results were analyzed by determining the
percenl agrcement among independent readings
of a structure by one technician, as rvel l  as among
age determinations l lhen dif ferent structures

were used. Chi 'square analrsis was used to deter-
mine signif icant trends. The "Index of Average
Percent Error" (AEI%) of Beamish and Fournier
( l aB l )  ! 1a .  . ompu tpd  f L ' r  a l l  compar i snn . .

Results

Fleader Agreement

Percent agreement of age determination between
tuo independent readings ranged from 5l % with
otol i ths to 72% with pcctoral f in rays (Table 1).
The AEI% ranged from l5% for scales to 33%
for otol i ths. Precision between readings was the
poorest for otol i ths and the best for scales and
pectoral f in rays.

A comparison of the number of agreements
and disagreements among the four srrucrures,
made  by  us ing  a  2  x  4  Ch i - squa rc  con t i ngency
table, yielded a significant difference in the ratio
o f  ag reemen ts  l "  d i . ag reemen l .  (Ch i rqu r r c  -

12.557, df - 3, p < 0.01). When the same com-
parison was rnade without otol i ths, no signif icant
dif ference in the rat io of agreements to dis-
agreements was observed. These results indicated
that the agreement between f irst and second
readings 1!as similar among the structures, ex-
cept for otol i ths which produced a higher level
of disagreement.

Age determinations based on the two in"
dependent readings dif fered by as much as three
years (Tablc l) .  Age determinations dif fered by
one \eat in 26yo of the pectoral f in ray readings,
and  i n  35 ro  o l  t be  o to l i t h  r ead inqs .

Compar sons of Age Determinatlons

Agreement betwcen age determinations f ias
lorvest (51%) for the comparisons between oto-
l i ths and f in ray sections and highest (56%)be-
trveen scales and al l  three of the other srrucrures
(Table 2). A 2 x 6 Chi-square contingencr test of
t he  number  o f  ag reemen ls  an rJ  d i sag reemen ts  i n
age determination among the six comparisons of
structures indicated no signif icant dif ference
among the structures. This test indicated that no
two structures -vielded a higher level of aging
precision than any of the others.

The  4E I%. .ompu te l i  f o r  t he  - i \  compr r i . uns
of aging precision among the four structures
(Table 2), ranged from 22% for scales and pec-
toral f in ray sections to 28% for otol i ths and pec-
toral f in ray sections.
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TABLE L  Resu l ts  o f  tno  independen l  age de terminat ions  by  a  t ra ined techn ic ian  us ing  fb i r r  d i f fe ren t  s t ruc lu .es  f rod  Ye l low-
none Lake cu t th roa t  t rou t .

Structure Sample A E I % dPercent d isagreerrcnt  by
different nunbers of years

0 n e Two

Scales
0tol i ths
Dorsal tin rays

l 5
33
l9

2 6 2 0
3 5  1 0 3
2 9 2 2
2 6 t 1

72
5 l
68
72

n0
107
r08
108

aSee ter t  for  explanat ion.

TABLE 2.  Percent  agreenent between age dete.ninat ions based on four d i f ferenr st ructures l iom Yel lo{srone Lake cutrhfonl
rour.  The index of  arerage percent  ero.  (AEI%) i !  in  parentheses.

S t r u r t r r .  C " m p a r . d

Orol i ths Dorsat  Fin Rars

0tol i lhs
Dorsal f;n rays

s6 (26)
56 (21)
s6 (22)

sr (27)
sl (28) s4 (23)

Bias in age determination among the four
structures was indicated (Figure l) .  When scales
were compared to the other structures, scales
tended to _vield lower ages than otol i ths (f igure
la), to have about the same aging bias as dorsal
fin ravs (Figure lb), and to vield higher ages than
pectoral f in rays (Figure lc). Otol i ths tended to
yield higher age determinations than either dor-
sal f in rays or pectoral f in rays (Figure ld, e).
When  do rsa l  f i n  r a1  age  de le rm ina t i on !  we re
compared to those of pectoral f in rays, i t  was
observed that dorsal f in rays tended to yield
higher age determinations (Figure 1f l .

Discussion

The results of this study disagreed with recent
literature indicating that the use ofscales for ag.
ing slow-growing fishes may be a less desirable
choice than otoliths or f in ray sections. Dif-
ferences in the life span of Yellowstone Lake cut-
throat trout compared rvith that of f ish in other
stocks that were studied may contribute to the
disagreernent. The Yellovstone Lake cutthroat
trout in our sample were from one to six years
old. Samples used in other studies included fish
with a l ife span more than twice that of
Yellowstone Lake cutthroat trout. Differences in
age determinations tended to appear among fish

older than six years in the other studies (Beamish
and Harvey 1969, Beamish and Chihon 1977,
Power 1978, Sikstrom 1983, Barnes and Power
l9B4).

Discrcpancies in age determinations betrveen
scales and other structurcs may be part ly due to
the frequent fai lure of Yel lowstone Lake cut-
throat trout to grow large enough to form scales
during their f i rst year of l i fe (Laakso 1955). The
only structure to show a trend toward older age
determination was the otol i th. Fin rays tended
to vield age determinations similar to, or less
than, those given by scales. This tendcncy may
be due to the difficulty in identifying the first
annulus in f in ray cross sections (Beamish 1973).

Otol i ths tended to vield older age determina-
t ions than sections of ei lher pectoral or dorsal
f in rays. This tendency may be further evidence
that the f irst annulus !!as not being identi f ied
on many of the f in ray cross sections.

The results of this study indicated that ag-
ing precision was not high lr i th any structure
studied, and otol i th and f in ray cross sections did
no t  \ ; e l d  bp t t e r  p re r " i . i on  i n  age  Jp t c rm ina t i ons
of Yel lowstone Lake cutthroat trout than scales.
However, the data indicated that the use of
otol i ths may reduce some aginp; bias that occurs
rvhen using only scales. Age estimates may be
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Figure L Conpar isons ofage deterninat ions based on scdles,  orohhs,  donal  t in rays.  and pcctor l l  f in .ars for  Yel lo{stone

Lal ie cut lhroar rout .  Points ar .  indi ! idual  f ish ercept  where indicated hr  a number.  Points on diagonal  l inc indicare

compar isons rvhere assigncd agc!  Lv both structures sere ident ical .
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more accurate i f  scales and otol i ths are used in
combination. When the techniques described are
used, otol i ths are casy to rcmove from f ish in the
field and to prepare and read in the laboratory.
We bel ieve that the use of both scales and
otol i ths for aging Ycl lowstone Lake cutthroat
trout should be considcred.

Beamish and McFarlanc (1983) cautioned
fisher-v workers to val idate age and gro$th
. l ud i c !  h )  us ing  mark - r c .a l l u r c  p \pe r imen l s  n r
assessment of known-age f ish from a populat ion.
Such a val idation has not beerr done on Yel-
lowstone Lake cutthroat trout and would be dif-
f icult  because both the lake and the populat ion
are large. They suggested that i f  val idation
studies are not possible, f ish should be aged by
several methods, and the possibi l i ty oI errors in
age estimates be considered. Our study provided
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a basis for suggesting that the use of one or two
add i t i ona l  me thods  f o r  de te rm in ing  t he  age  o f
cutthroat trout would improve aging techniques
currentl ]  used at Yel lowstone Lake.
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