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Fifteen populations of lake whitefish (Coregonus cb~~pec@rmh.r;r were sampled to cornpare 
the fin-ray and scale aging techniques. There was good agreement between aging methods in 
fast growing populations, b ~ ~ a  us~~a l ly  fin-ray ages were larger than scale ages in slow-growing 
pop~alations. The validity of each aging method was tested by comparing fin-ray and scale 
ages taken from three populations of whitefish when rnarked and when recaptured at least 
1 yr later. When growth was rapid, recaptured fish formed annular marks on both fin-rays and 
scales. When growth was slower, annular marks were distinguished or1 fin-ray sections more 
often than on scales of recaptured fish. &%'heal growth was extremely poor, annular marks on 
scales of recaptured fislf were rarely distinguishable, but still recognizable on the majczriny of 
fin-ray sections. When fin-r:iy ages were consistently larger than scale ages for a given popula- 
tion, fin-ray based estimates of annual survival were higher and growth slower than correspoiad- 
ing scale agc based estimates. In general, the fin-ray method was more reliable than the scale 
rnethod of aging lake whitefish. 
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MILLS, K. H., AND R. J. REAMISBI. 1980. Comparison of fin-ray and fcale age determillation5 for 
lake whitetiah (Corc~gonus c~keip~aformlsj and their implications for estimates of growth 
and annual rurvival. Cam. J. Fish. Aquat. Sci. 34:  534-544. 

Dans le but de cornparer Hes rayons de nageoire et les kcailles dans la diterminatioa~ de 
1'2ge, 15 populations dr grands cor6gones   core go nu.^ clzipecrfornaisj ont kt6 6chaaltillonnPes. 
Les de~rx mkthodes s'accordent tsien chez les populations 2i croissance rapide mais, chez les 
pop~alakions h croissance lente: les 2ges determin6s par Ics rayons de nageoire sont plus ClevCs 
clue les Bges scalaires. Nous avons vkrifi6 la validit6 de chaque rndthode en ci~a-nparant l'rige par 
les rayons de nageoire et les kcailles pr6levks sur trois populations de grands cor.6gones marques 
et recaptures au moins une annke plus tarci. Quand ia croissancc est rapide, les poissons re- 
capt~rres portent des marques annulaires B la fois sur les rayons de nageoire et sur les kcailles. 
Quand la croissance est plus lente, les marques annulaires apparaissene sur les coupes de 
rayons de nageoire plus souvent que sur les 6cailIcs des poissons recapturbs. Avec croissance 
tr2s Israte, les marques annulaires sur les kcailles des poissorns recapturgs sont B peine distin~ctes, 
mais peiavent encore &re reconnaissables sur la ma.]oritk des coupes de rayons dc nageoire. 
Quand les 2ges determinks par les rayons de i~ageoire sont ulniment supkieurs aux Ages scalaires 
dans une population donnGe, les estimations de Ia survie annuelle fogurndkes sur les rayons de 
nageoire sont plus klevkes et la croissance plus lente qu'avec les estimations correspondantes 
fond6es sur les 6cailles. En genkral, les rayons de nageoire sont plus iiables que les Ccailles pour 
dkterminer B'gge du grand coregone. 

Received December '7, 1978 
Accepted June 8, 1979 

Requ le '7 dicembre 1978 
Accept6 le 8 juin 19766 

THE purpose of  this study was t o  compare  the scale errors on estimates of growth ansf annual survivaI. 
and fin-ray methods of age detcrrni~aatisn for lake Scales a re  the  traditional s t r ~ ~ c t u r e s  used for  aging 
whitefish (C'orego~lnis cltipcnforrnts) , examine the  lake avhitefish and n ~ o s t  o ther  frcslzwater teleosts (Ever- 
validity of each method in  w l ~ o l c  lake n~itrk-recapture ha r t  et a]. 1945)1, but tests of' the method's validity are  
experiments, and discuss some consequences o f  aging conflicting. V a n  Oosten (1 923) and Hogman ( 1968) 
Printed in Canada (J546 1 ) held lake whitefish under  artificial conditions to de- 
TrnprimC aaa Canada (55441) termine whether annuli  were formed yearly on scdes .  

C
an

. J
. F

is
h.

 A
qu

at
. S

ci
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.n
rc

re
se

ar
ch

pr
es

s.
co

m
 b

y 
N

at
ur

al
 R

es
ou

rc
es

 C
an

ad
a 

on
 0

5/
02

/1
1

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



MILLS AND BEAMISH: LAKE WHITEFISH AGE DETERMHNATIQN 535 

Van Oosten co~ i Id  identify annuli or1 scales f rom white- 
fish held under constant co~sditions in aquarium$, and 
Hogrnarm found two distinguishable markc; formed on  
scales of fish held in hatchery pools. Netk ( 1  955) com- 
pared scale ages of lakc whitefish a t  release with thow 
at recapture 1 yr  later in a whole lake study and foarnd 
most fish formed one annuluq. but fe l t  that older. slower 
growing irmcii! iduals might be underaged. Sycll ( 197 1 ) 
con~parec1 scale ages from Swedi5h coregonids with 
known ages and found freq~ment underaging in many 
popallatioras. Crowding of annuli. failure of annulus for- 
mation, resorption o r  difficulties in interpretation of 
scales are widespread for  in vivo populations (see 
Cxla~mder ( 1974) for  :a review). 

T h e  scale method ha? rarely  beet^ compared with 
other methods crf aging. Notable exceptions arc Aass 
(1972)  who compared otolith and scale ages using the 
cisco Corc~gonu r cslb~ila, Beamish and Harvey ( 1 969) 
who compared fin-ray and scale ages using the white 
sucker (Cntcr\tottlus ccp~a~mersor~i), and Power (1978)  
who compared scale and otolith rages Cor lake whitefish. 
'411 three studies showed that evhen diflerences between 
aging methods occurred, scale sigcs were us~lally lower 
than corresponding ages deterr-a~ined by the alternative 
me t l~od .  

Alternatives to scale aging are  available for ra~csst 
species, bu t  generally researclsers have resorted to thew 
only when scale aging was very dificialt. Deelder and 
iVillianlsee ( 1933) ~ h o w e d  that f in - ray  were acceptable 
alternative9 to scales for many European species. 
Cuerrier (1 95 1 ) showed fin-ray aging was feasible for  
lake whitefish and thi5 aging method was chosen as 
an alternative for thi3 study. 

Age cnmpssition data are necessary for calculrmting 
many popallation lsaran~sters.  but  rarely are error5 in 
ages considered a serioi15 source of  bias. T h e  argument 
frequentlv u5ed ic that error, would aflect only a small 
portio11 of a 56irnple, generally old ir~divida~als ~~ l -a i ch  
make up  only a sn~a l l  part of the population (Le Cren 
1974). 

Materials and Me&hods 
Lake whitefish were collectec8 from I Canadian lakes 

using gill nets in all lakes. Trap nets were also used in 
1,226 (Lake 226). Sevcn lakes were located within the 
ExperirnentaI Lakcs Area. Ontario. The other eight were 
located across central and nortl~nestern Canada. Two 
lakes, L226 and E302, were divided into halves using vinyl 
walls for u~hole Bake experiments in eart~ophication 
(Schindler and Fee 1973). I-akss were selccted t o  repre- 
sent wide rangcs of 5 ~ r f i ~ e  area, mlaximurn depth, and 
geographical locatioli (Table 1 ). Only South Bav, Mani- 
to~alin Island. was sampled in Eakc Hur.on. In other Bakes 
largcr than 8,000 km2 whitefish were gathered from more 
than one locatiora. 

After- fish were weighed, fork length recorded. and sex 
determined uhere possible, at least three scales and two 
fin-rays were rennoved from each fish. Scales were taken 
frorn either the first o r  second row above the lrateral line 
beneath the posterior portion of the dorsal fin (Johnson 

TABLE 1. Location, whitefish sample s i ~ e ,  2nd some physical 
characteristics of the study lakes. 

Surface Maximuna 
area depth Sample 

Lake Location (km2) (m) size 

Bell 
Clay 
Dezadeash 
E I A :  122 

226 
259 
302 
305 
3 I 0  
468 

Great Slave 
Huron 
Opeongo 
Southera1 Indian 
Winnipeg 

1976; Healey 1975; Hogman 1968; and others). Fin-rays 
were clipped froin either a pelvic or pectoral fin as close 
to the base of the fin as possible. Ages determined from 
pectoral and pelvic fins fro111 the same fish do not differ 
signiticantly (K.  M. Mills unpublished data). 

'To determine whether whitefish folrnecl one annralaas per 
year on both scales and fins, fish captured in L226 and 
L302 were markcd and returned to their I-espective capture 
locations after sampling. Fish with fork lengths greater 
than 15 cm were tagged with either individually nka~lmbered 
dart oa- modified spaghetti tags (White and Beamish 1972). 
A minimum of B yr elapsed after release of marked fish 
before recaptures ucre sarnpled rigaial during routine fall 
trapnetting and gillnetting. 

Three additional scales were removed from recaptured 
fish from the sanne arca as those taken previously. and at 
least two bin-rays were removed f~omn the unclipped pelvic 
fin for use in age cleterminations, Ways were rernoved from 
n pectoral fin of fish whielz had had both pelvic fins clipped 
previously. Clipped fin-rays did not regenerate on whitefish 
larger than 22 cm and in smaller fish the regenerated rays 
were defornaed and easily recogni~able. Regenerated fin- 
rays or scales were not used for any age determinations. 
All age determinations using fan-rays or scales were made 
without reference to lengths of fi\h or previously assigned 
ages. 

Scales were read by scale readers in whatever manner 
each thouglzt appropriate. All readers had extensive prior 
experience in aging whitefish; tbo  hact routinely aged 
whitefi.;h for over 20 yr using scales. Van Oostea~ (1923, 
1929 1 established the criteria used for annulus determina- 
tion: the crowding of circuli, "cutting over" of circiali on 
the antercr-lateral fields, or both (Hell ct al. 1977: Christie 
196%; EdsalI 1960: and others). Six different readers read 
the same set of scales taken from k310 whitefish. Three 
collaborated for one set of readings; the others read the 
scales independently. Sets of scales taken from lakes other 
than L310 were aged by one o r  another of the above 
readers. The same indi\fidual read all scales taken from 
E226 and E302 whitefish for each of the 3 yr of sampling. 

Fin-rays were mounted in clear epoxy, dried, 'and set- 
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536 CAN. J. FISH. AQUAT. SCI., VQL. 37. 1980 

TABLE 2. Summary of percent agreement between pairs of 
fin-ray and scale ages for lake ~hitefish from 15 populations. 

Scale 
Scale - - Scale Fin-ray 

= Fin-ray > > 
Lake Fin-ray i- 1 yr Fin-ray Scale 

Huron 
Clay 
Winnipeg 
Bell 
122 
226 
30% 
Southern Indian 
Opeongo 
Dezadeash 
Great Slave 
259 
468 
3 lon 
305 

"The best agreement between fin-ray and scale readers. 

pearance to  those described by Beamish (1973), Beamish 
and Harvey (1969), and Scidmore (1953) for white stacker. 
Tvco inclividuals react fin-ray sections frona E3 10 fish inde- 
pendently and sets sf fin-ray sections froin other lakes 
were read by one or the other of these readers. The same 
individual read all E226 and L302 fin-ray sections. 

We chose growth cufves and annual survival estimates 
to demonstrate some effects of aging disagreeralents on 
populatioil parameters. These were calculated fsr  popula- 
tions where more than 70 whitefish were sampled. Smaller 
sample sizes resulted in aberrant growth curves and age- 
frequency distributions unsuited for catch curve analysis. 
Growth curves were constructecl from mean length at age 
data using each aging method. Survival Ras estimated by 
catch curve analysis (Robson and Chapman 1961) using 
length frequency distributions based on each aging method. 

Results 

COMPARISONS OF FIN-RAY AND SCALE AGES 

Agreement between fin-ray and scale ages was gen- 
erally poor  for  most populations (Table 2 ) .  T h e  15 
populritions coe~ld be separated into two groups based 
o n  agreement between pairs of corresponding fin-ray 
and scale ages. 

tioned with jewelers' saws using 7/0  or  8 /0  blades. In- ~h~ first group consisted of five poplllations was 
dividual sections about 0.5 mm thick were brushed clcan characterized by generally good agreement between ancl mounted on slides for age determinations lander a 
con~pound microscope. The translucent zone which ap- aging methods. Either pairs of fin-ray and scale age 
peared as clear ring completely around the agreed for n ~ o s t  individuals or  diiTerences between the 

center of individual rays under transmitted light was con- ages were rarely greater than 1 yr. Fish collected f rom 
siderecl an annulus. Fin-ray annuli were similar in ap- Clay Lake, Lake He~ron  (Fig. 1).  Lake Winnipeg, Bell 

LAKE HURON 

Fi n - Ray Age 
FIG. 1.  Comparisons of fin-ray, scale age pairs for lake whitefish from four populations. 
The I-ake Huron 'and Lake 122 plots are representative of greup I populations. The 
Dezadeash Lake and Lake 226 plots are representative of group 2 populations. See text 
for complete explanation. Numbers represent individual pairs s f  ages fallirlg in each age 
category. The diagonal line indicates comparisons where fin-ray ages : - scale ages. Com- 
parisons where scale ages > fin-ray agcs are above the line; cormlparisons where fin-ray 
ages > scale ages are below the line. 
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MILLS AND BEAMISH: LAKE WHITEFISH AGE DETERMINATION 537 

Lake, and L122 (Fig. 1 )  comprised this group. Few 
individuals from all five populations were aged olcler 
than 6 by either method of aging. 

The second group was composed of the 10 remain- 
ing populatio~as and was characleri~ed by poor agree- 
snent bet-een aging nlethods arid nlrtny comparisons 
where fin-ray ages were more than I yr greater than 
scale ages. Malay individuals were aged as 8 or older 
using fin-rays. Few were aged as old as 8 using scale 
ages. 

The poorer the agreement was between methods of 
aging in the second group, the younger the age-classes 
which showed consistent differences. In populations 
where agreement between methods was approximately 
35-SO?&, as in L226 (Fig. 1 9 ,  fin-ray ages were con- 
sistently greater than scale ages, starting at scale ages 
of 4 or 5. In poptllations where agreement was 30% 
or less, like Dezadeash Lake (Fig. 11, consistent dif- 
ferences in aging started at scale ages of 2 or  3. In- 
dividuals with greater scale ages could have fin-ray 
ages two or three times those of the corresponding 
scale ages. 

The L3 10 population sample exhibited poor agree- 
ment between methods and was well ruited for an 
examination of replieability between readers. Agree- 
ment between fin-ray readers (6 1 '% ) was better than 
agreement between any combination s f  scale readers 
(44% ) . The best agreement between any combinatio~i 
of fin-ray and scale readers was 15% and the worst 
agreement was 6%.  While the fin-ray ages of one reader 
were dightly higher than those of the second, the dif- 
ferences were much less than those between scale 
readers. The variation in age assigned a particular fish 
was sometimes large, as much as 14 yr between a fin- 
ray and a scale age. See Beamish et al. (1976) for a 
more detailed discussion of these results. 

Fish length was a poor indicator of fish age for L3 10 
whitefish, as was generally true for other populations 
in thi, second group. While the smallest individuals were 
normally younger than the largest ones, large variations 
in age within 1 cnl length groups obscured ally clear 
relationship. More variation within these length groups 
was apparent using fin-ray ages rather than scale ages 
in the L310 sample, by as much as 11 yr. but scale 
ages also varied widely, by as much as 8 yr. 

Of the 923 marked whitefish released in L226 during 
1973 and 1974, 195 were recaptured in 1974 and 1975 
for age comparisons. Of the 61 marked whitcfifh re- 
leased in L302 in 1975, 29 were recaptured for age 
comparisons in autumn 1976. Results from the two 
separate basins of 1-302 were combined because the 
wall permitted intern-nixing of fish between basins. Re- 
sults from the two basins of L226 are discussed sepa- 
rately because there was no interchange of fish between 
basins. 

Conlparisons of age at release and age at recapture 

TABLE 3. Summary of differences in age of individual white- 
fish determined ah initial marlting ( M )  to later recapture (R) 
using the fin-ray atmd scale aging techniques. The nunmber of 
ia~divictuals whose change in age (la-M) equaled the number of 
winters between marlting and recapture is indicated by *. 

No. recaptured No. recaptured 
Changc In 1 yr after release 2 yr after release 

age 
Lalie (K-M) Scales Fin-rays Scales Fin-rays 

"The age at recapture was 2 yr or less than at marking. 
bThe age at recapture was > yr or greater than at marking. 

for L226 NE showed that both aging methods were 
valid (Table 3 ) .  New annuli on both fin-rays and scales 
were very clear (Fig. 2 ) .  Whilz on the average fin-ray 
aging gave more reliable results than scale aging, no 
bias was present in the number of recapture scale ages 
which were either greater or less than that predicted 
knowing the scale age at marking. 

Comparisons of age at release and age at recapture 
showed that fin-ray aging was valid and scale aging 
questionable in L226 SW (Table 3 ) .  New annuli on 
fin-rays were very clear but new annuli on scales were 
frequently unclear or apparently absent. This was most 
pronounced in fish recaptured 2 yr after release (Fig. 3 1. 

Comparisons of age at release and recapture in L302 
showed that the fin-ray method was of questionable 
value and the scale method invalid (Table 3 ) .  New 
annuli on fin-rays were many times compressed to the 
old but were distinguishable in the majority of cases. 
New annuli on scales were rarely detected (Fig. 4) .  

Growth curves based on scale ages (Fig. 5 )  fell 
witlain the range reported for other lake whitefish popu- 
lations (Healcy 1975). Growth curves based on fin- 
ray ages could he extended to older age-groups more 
readily than those derived from scales and in many 
cases these indicated slower growth. The 11 popula- 
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CAN. J. FISH. AQUAT. SCI., V8L.  37. 1980 

FIG. 2. Scales and pelvic fin-ray sections from a L224 NE whitefish taken at marking (A, C) and recaptrare (B, D)  I yr 
later. Annuli are indicated by (-). Both scales and fin-ray sections Elere aged 3 at release m d  4 at recapture. 

tians could be divided into three groups based on cons- growth (Fig. 5 A ) .  Three of these populations (Lake 
parisoils between pairs s f  fin-ray and scale g r o ~ t h  Hurc~~s, Lake &Viranipcg, and Clay Lake) exhibited very 
curves. rapid growth sates and contained larger i~aclividuals 

The first group was made up of four pc~pulatlsr~s than other pop~alations. The 1,122 population also 
which had similar fin-ray and scale growth curves and shswerf good agreement between scalc and fin-ray 
were generaliy: located in the upper range of whitefish growth curves, but somewhat slowcr growth. 
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MILLS AND BE,daMBSH: LAKE WHHTEFHSH AGE DETERMINATION 

FIG. 3.  Scales and pelvic fin-ray sections from a 1.220 SN7 whitefish taken at marking (A, C) and recapture (B, D)  2 yr 
later. Annuli are indicated by (-). Both scales and fin-ray sections were aged 3 at release. The fin-ray sections were aged 
5 at recapture while the scales were aged 4. 

The seconc% group uas  rnac%e alp of three popralations ferences be twen growth curves due to aging methods 
whose fin-ray growth curves indicated moderately start at age: 4, the age of sexual maturity for this popula- 
slower growth than those derived from scales (Fig. 5B).  tion. Slower growth after sexrlal maturity using fin-ray 
The scale grouth curves for thesc popnIations, Southcrn agcs was a common characteristic of this group. 
Indian, k226 and L302, were generally in the nliddle The third group was made up of four populations 
range of whitcfi5h growth. The L226 population (Fig. whose fin-ray growth curves indicated much slower 
6) is representative of this group and shows that dif- growth than those derived from scales (Fig. 5 C ) .  The 
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CAN. J. FISH. AQUAT. SCI., VOE. 37, 1980 

FIG. 4. Scales and pelvic fin-ray sections from a La02 whitefish taken at marking (A, 6) and recapture (B, D)  1 yr later. 
Annuli ar-e indicated by (-). Both scales and fin-ray sections !were agcd 5 at release. The fin-ray sections were aged 6 at 
recapture while scales were aged 5. 

scale growth curves for these populations were generally population, representative of this g o ~ a p  (Fig. 6 ) ,  
in the lower ral-agc of whitefish growth. Thc Dezadcash, chowed that diflerenccs in growth curves can occur in 
Opeongo, EPBO and L468 pspralations had fin-ray fish as young as age 2, well before sexual maturity. 
curves that in~licated la-luch poorer growth than those These populatiolls were cornpoqed almost entirely of 
derived from scales with differences starting in age- small whitefish from many age-groups. Few individuds 
groups before sexual maturity. The Dezadeash Lake Iargcr than 30 ern were present, 
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MILLS AND BEAMISH: LAKE WHITEFISH AGE DETERMINATION 

FIG. 5 .  A summary of individua! comparisons between fin-say and scale age based growth curves for 1 I populations. A, 
the range of growth where fin-ray ages and scale ages resulted in very similar growth cuives; B, the range where fin-ray 
age based curves differed from scale-based c~uvcs  stalling at age 4 or 5: C. the range where fin-ray agc based curves dif- 
fered from those of scales starting at age 2 or 3 .  Dots indicate the previously reported range of whitefish growth based on 
scale ages (Healey 1975). 

A 

. 

ANNUAL SURVIVAL 

Annual survival rates calculated from our data and 
previously publislaed rates for the same population? are 
presented in Table 4 for 1 I of the populations. Our 
catch curve rates and previously published rates based 
on scale ages agree well. For four populations survival 
estimates using fin-ray ages agreed well with correspond- 
ing scale estimates. In most populations fin-ray esti- 
mates were much higher than scale estimates. I n  only 
two cases was the scale based annual survival greater 
than its fin-ray counterpart, Generally, fin-ray survival 
rates were greater than those using scales and could 
be as mucla as twice the corresponding scale estimates. 
Two mark-recapture annual survival estimates inde- 
pendent of age data are available for comparison with 

! 

3 
1111 Based an Scale Ages - . . . EJ Based on Fin-Ray Ages 

catch curve rates. Both mark-recapture estimates are 
similar to fin-ray estimates for Lake Huron and L226. 
The scale survival estimate was sinlrilar to the mark-. 
recapture estimate for Lake Huron, but well below 
the mark-recapture estinlate for L226. 

A common nlethod employed by many researchers 
to determine the level of confidence placed in a set of 
age determinations is to read the same set more than 
once, compariilg ages for individual fish and reporting 
percentage agreement between sets of ages, or reaging 
individuals where disagreements occur. Ricker ( 1975) 

$P - QEZAQEWSH LAKE 

FIG. 6. Growth curves determined from fin-ray (0) and scale ( A )  mean lengths at age 
for Dezadeash Lake ancl L226. Thc dashed lines are eye-fitted gmwth curves based on scale 
ages, the solid lines based on fin-ray ages. Brackets represent the 95% confidence limits on 
each mean fork length at age. 
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TABLE 4. Annual survival rates for 11 whitefish populations 
using catch curves based on scale and fin-ray ages ( K .  H. M. 
unpublished data). The upper group is composed of poyula- 
tlons undergoing moderate and heavy explo~tation; the lower 
group of populatiol-as undergoing light exploitation or un- 
exploited. Other independent ebt~rnrttes are presented for com- 
parison where survivorship = I - total mortality rate. 

Annual survi~lal 

Scale Fin-ray Scale 
age age literature Mark 

Lake 2 95:; +95(,1 values recapture 
- - 

Huron s17&.11 
Clay - 4 6 2  .08 
122 .49 + -05 
Winnipeg 2 f .06 

448 .27& . l O  
302 .35+ .11 
Dezadeash .44& .08 
Opeongo .49 & .07 
2% .59 -. .04 
Souther11 Indian .60 f .04 

aRudd and Cucin (1962). 
Tucin and Regier (1965). 
"avidoff et al. (1973). 
dWicker (1947), dwarf form excluded. 
eAyles ( 1976). 
'Spangler ( 1970). 
KK. H. hlills unpublished data, Jolly-Seber estimate 

averaged for 3 yr data. 

suggests that 80-90% agreement between sets is good. 
Only the results from the Lake H~aron sample, the 
fastest growing population, exhibited this level sf agrce- 
nlsnt between methods. Both Neth ( 1955) and Christie 
(1963) found close to 8CBClc agreement between sets of 
scale ages for other relatively fast-growing populations. 
For slower-growing populations, wc round agreement 
between methods or readers to be much lower. Brrt even 
if agreement between sets of age determinations is good, 
it does not constitute validity for an aging technique. 
It only indicates consistency of the readers, clarity of 
the annuli, or  both. 

Comparisons of percent ragreemea~t between sets of 
age dcterixinations can be an unreliable statistic with 
which to judge consistency between aging methods. For 
example. the L122 saanaplc showed poor agreetnent ke- 
tween aging mctkods (30% ) but rarely was the dif- 
ference between aging methods greater tl-aan I yr. More 
importantly, there was little consistcnt bias between 
agi~sg methods. The resulting growth curves and sur- 
vivorshipc using either method of aging were almost 
identical. Despite the poor agreement betwecn aging 
methods, the effect(; on pararlaeters caBcuIated from these 
ages was minimal. The L226 data showed better agree- 
ment between aging methods 447%) than the L122 
data, but a col-asistetat bias was present betwecn the two 
aging methods. Fin-ray ages were generally greater 

than scale ages (Fig. 1 ). The resulting growth curves 
and saawivorships far  L226 whitefish showed large dif- 
ferences depending on which nlethod of aging was used. 
Despite better agreement between aging methods in 
L226 than L122, there wcre great differenccs in the 
parameters calculated from the age data depending on 
which method of aging was wed. Percent agreenlent 
only assesses whether ages determined by one method 
equal those sf another, without quantifying the magni- 
tude of differences. 

Aging techniques for each population of interest 
should be validated in sitem, This certainly I s  not pos- 
sible in most cases. We suggest instead that scales and 
fin-rays be examined lor a lake whitefish populatior-m 
to determine if one method eor-msistently res~alts in 
greater ages than the other. Simple data plots like Fig. B 
are more valtartble for assessing aging accuracy than 
percent agreement between aging methods. A simple 
glance at Fig. 1 indicates whether there is a significant 
and consistent bias between the two methods, the mag- 
nitude of the bias, and at what age consistent differences 
first occur. Otoliths (Power L97'8) or some other bony 
structure might also be used. Otc~lith ages for Bake 
whitefish can agree well with fin-ray ages for some 
pcayulatior-ms (K, Machniak, personal communication, 
Department of Fisheries and Oceans, Freshwater In- 
stitute), but it is necessary to kiII fish to obtain otoliths 
and they are not as conveniently removed as a few 
fin-rays. The processes involved in deposition of scales 
are different from those of fin-rays or bone (Sirnkiss 
1974). Therefore, an alternative method of age de- 
termination also has a physiological basis. 

If consistent differences between fin-ray and scale 
ages occtar, we believe the fin-ray ages are more de- 
pendable than wale rages. The different growth regimes 
in L226 and E302, combined with the age validation 
possible it1 these lakes, provide a platlsible explanation 
for the aging disagreements found between different 
methods used for many lake populations. The pro- 
c8~1ctivity sf L226 NE is ~nuch  higher than that of 1,226 
SFV or E302 (SchindIer and Fec 1974; Fee 1980). 
Miarked whitefish grew faster in 1,226 NE (averaging 
31 rnan/yr), slower in L226 SE (16rnrn/yr), and 
slowest in L302 (1  rnm/yr). After a year of good 
growth, as in 1.226 W E ,  distinguishable annuli are 
fornled on bath scales and fin-rayc. Under conditions 
of moderate growth, as in 1,226 SW, ar-nnuli are easily 
distinguishable on fin-rays, but not on scales. When 
growth is minimal, anr-muli are rarely disting~aishablc on 
scales, and not always apparent on fin-ray sections. 
Cornbinations of yeztrs of good, nsoderate, or minimal 
growth could easily explain the large diff'crenses in 
scrlle and fin-ray ages present in many of the lake 
whitefish poptllations of Table 2. 

SOME TMPI~ICATIONS OF AGING ERRORS ON WHITEFISH 
GROWTH, SURVIVORSHIP, AND M A N A G E M E N T  

Since fin-ray ages arc correct more often than scale 
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ages, then when consistent differences occur between 
the methods, pardmeters based on fin-ray ages should 
be more reliable than those baccd on scale ages. The 
good agreement between the mark-recapture and catch 
curve survival estimates for L226 supports this (Table 
4) .  This has important i~nplications for lake whitefi~h 
management. 

Carlander (1974) has shown that overestimates of 
growth often result from aging errors. Growth of popu- 
lations in the middle and lower range of whiteficfm 
growth was overestimated using scales (Fig. 6 ) .  All 
of these pop~alations were also unexploited except that 
of Southern Indian Lake, which is only Irkhtly ex- 
ploited (Ayles 1976). All these populations contained 
large numbers of older individuals. beyond age 8, 
While our data based om fin-ray ages are not as ex- 
tensive as those based on scale ages for man)7 whitefish 
population$, it is very likely that growth rates of other 
dower-growing l,&e whitefish populations have been 
overestimated using scales. 

When scale and fin-ray ages differed markedly for a 
population, the anntmal survival based on fin-rays was 
higher than that using scales. Populations which showed 
the greatest difference between fin-ray and scale-based 
annual survival were the unexploited or lightly exploited 
populations (Table 4 ) .  All previous estimates of sur- 
vivorship for unexploited populations are from scale age 
str~xcture data (Healey 1975). It is very likely that 
these previo~ms estimates were very conservative, under- 
estimating the true rates. 

When using fin-ray ages, an inverse relationship be- 
tween growth and survivorship was apparent. Slow- 
growing populations had high survivorships. Fast-grow- 
ing populations had low survivorships. If growth and 
survivorship were calculated using scale ages, no re- 
lationship was apparent. Healey ( 1 9 9 )  a l ~  found 
little correlation between survivorship and growth in an 
extensive review of whitefish population dynamics based 
on scale ages. We believe that errors in aging whitc- 
fish using scales might have obscr~red this relationship. 

While our data show that scale age determinations 
are acceptable for nloderately or heavily exploited 
populations, and unacceptable for lightly or tanexploited 
populations, others which are in transition from re- 
latively unexploited to heavily exploited could also 
show errors drme to aging. Current nnanagcment practice 
for northern lake whitefish fisheries is to crop the popu- 
lations more intensively. Many of these populations 
exhibit relatively slow growth rate$. There is sufficient 
evidence to suggest that an increase in harvest will 
produce an increase in growth rate for lake whitefi~h 
(Healey 1975). The use of scale ages inqtcad of fin-ray 
age9 for populations such as L226 or Dezadeash 1,ake 
(Fig. 6 )  before and aftcr cropping could result in false 
conclusions about the effects of increased cropping. 
While scale ages might show an increase in length at 
age for young age-groups after increased harvest, the 
full impact on older age-classes might be lost because 

ti 
h z 
I 
C -- 

LA.. 

True Age 
FIG. 7. Some possible consequences of incorrect scale 
aging under conditions of changing exploitation: (A) 
growth curves and (B)  age at sexmul maturity. Condition 
before exploitation (a) m d  after (b) .  

larger sized, initially landeraged fish were removed (Fig. 
7 A ) .  Similarly, there is suficient evidence to suggest 
lake whitefish respond to increased cropping by a de- 
cline in age at rnatrmritjr (Healey 1975). This could also 
be obscured by error5 from scale ages (Fig. 7B) .  

If we are to have predictive management of lake 
whitefish and other fish populations, wc  must recognize 
that significant, widespread aging errors are possible 
and that these errors can introduce significant bias in 
parameters used for managemerat decisions. 

C
an

. J
. F

is
h.

 A
qu

at
. S

ci
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.n
rc

re
se

ar
ch

pr
es

s.
co

m
 b

y 
N

at
ur

al
 R

es
ou

rc
es

 C
an

ad
a 

on
 0

5/
02

/1
1

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



CAN. J. FISH. AQUAT. SCI., VOL. 37, 1980 

Acknowledgments 
We gratefully acknowledge the many people who helped 

collect fish for this study and those who read fin-ray sec- 
tions or scales. DFS M. C. Healey, K. Patalas, and D.  W. 
Schindler criticized versions of the manuscript. The Pub- 
lications Review Committee at the Freshwater lns t i t~~ te  
was particularly helpful. We benefited from many conver- 
sations with hlrs D. Barnes on aging fish by scales. 

BASS, P. 1972. Age determination and year class fluctuations of 
cisco Cor~g(9tlus ~llbula L. in the Riajsa hydroelectric reser- 
voir. Rep. Hnst. Freshwater Res. Drottningkolm 52: 5-22. 

AYLES, H. A. 1976. Lake whitefish (COYP~OFIUJ ~1~1peq%rt91i.~) 
(hfitchill) in Southern Indian Lake, Manitoba. Fish. Mar. 
Serv. Res. ISev. Tech. Rep. 640: 28 p, 

BEAMISEI, R. J. 1973. Determination of age and growth of 
populations of white sucker (Cutostolnus cotparnersot~i) 
exhibiting a wide range in size at maturity. J. Fish. Res. 
Board Can. 30: 607-616. 

BEAMISI-I, R. J., L. M. B ~ o v w ,  A N D  G. A. MCFARLANE. 1976. 
A fish and chemical study of 109 lakes in the Experimetal 
Lakes Area (ELA), northwestern Ontario, with appended 
reports on lake whitefish ageing errors and the north- 
western Ontario baitfish industry. Fish. Mar. Serv. Res. 
Dev. Tech. Rep. 607: 116 p. 

BEA~IISH, R. J., AND H. M. HAIZVEY. 1969. Age determination in 
the white sucker. J. Fish. Res. Board Can. 26: 633-638. 

BELL, G., 1'. HANFORD, AND C'. DIETZ. 1977. Dynamics of an 
exploited population of lake whitefish (Corc~gonus clup~cz- 
fbnnis). J. Fish. Res. Board Can. 34: 942-953. 

BUDD, J., AND 89. CUCIN. 1962. Exploitation of Canadian Lake 
Huron whitefish. Trans. Am. Fish. Soc. 91: 223-224. 

GARLANDER, K. D. 1974. Difficulties in ageing fish in relation to 
inland fisheries management, p. 200-206. 111 T. B. Bagenal 
[ed.] Proceedings of an international symposium of the 
ageing of fish. Gresham Press, Old Waking, Surrey. 234 p. 

CHRISFIE, W. J. 1963. 6:ffects of artificial propagation and the 
weather in recruitmcnt in the Lake Ontario whitefish 
fishery. J. Fish. Res. Board Can. 20: 597-646. 

CUC:IN, D.: AND 13. A. REGIER. 1965. Dynamics and exploita- 
tion of lake whitefish in southern Georgian Bay. J. Fish. 
Res. Board Can. 23: 221-274. 

CUERKIER, J. 1'. 1951. The use of pectoral fin-rays for deter- 
naining the age of sturgeon and other species s f  fish. Can. 
Fish-Cult. 11 : 10-18. 

DAVIDOFF, E. B., K. W. RYBICKI, AND K. H. DOAN. 1973. 
Changes in the population of lake whitefish (Coregonus 
clupenfurmb.~) in Lake Winnipeg from 1944 to 1969. J. 
Fish. Res. Board Can. 30: 1667-1682. 

DEELDER, C. L., AND J. J. WILLIA~ISEE. 8973. Age determination 
in fresh-water teleosts, based on annular structures in 
fin-rays. Aquaculturr: 1: 365-371. 

EDSALL, T. A. 1960. Age and growth of the whitefish, Core- 
gonus clidpeqfornsis, of Muiaising Bay, Lake Superior. 
Trans. Am. Fish. Soc. 89: 323-332. 

EVERMART, W. H., A. E. EIPPER, AND W. D. YOUNGS. 1975. 
Principles of fishery science. Cornell Univ. Press, New 
York, N.Y. 288 p. 

FEE, E. J. 1980. Inlportant factors for estimating annual 

phytoplankton production in the Experimental Lakes 
Area. Can. J. Fish. Aquat. Sci. 37: 513-522. 

PIEALEY, hl. C. 1975. Dyr~anaics of exp!oiteeB whitefish popula- 
tions and their management with special reference to the 
Northwest Territories. J. Fish. Res. Board Can. 32: 
427-448. 

HOGMAN, W. J. 1968. Annulus formation on scales offour 
species of coregonids reared under artificial conditions. 
J. Fish. Kes. Board Can. 25: 21 11-2122. 

JOIINSON, L. 1976. Ecology of Arctic populations of lake trout, 
Suivelinus ~ I ~ ~ w ~ o ~ c u s ~ ,  lake whitefish, Cor~gonus cbupea- 
,formis, Arctic char? S. alpbiilds, and associated species in 
unexploited lakes of the Canadiail Northwest Territories. 
J. Fish. Kes. Board Can. 33: 2459-2488. 

LE CKEN, E. D.  1074. The effects of errors in ageing in produc- 
tion studies, p. 221-224. 11.1 T. B. Bagenal [ed.]. Proceed- 
ings of an international symposium of the ageing of fish. 
Gresham Press, Old Waking, Surrey. 234 p. 

NETH, Ea. C. 1955. Assessment of a control program for con-n- 
mon whitefish (Cor~gc~nus clupeafori?~is) and round white- 
fish (Prosc~piurn quntdralstemlr) in Little Moose Lake, New 
York. M.Sc. thesis, Cornell University, Ithaca, N.Y. 
101 p. 

POWER, 6. 1978. Fish population structure in Arctics lakes. 
J. Fish. Res. Board Can. 35: 53-59. 

KICKER, W. E. 1947. Mortality rates in some little exploited 
populations of fresh water fishes. Trans. Am. Fish. Soc. 
77: 114-128. 

1975. Computation and interpretation of biological 
statistics of fish populations. Bull. Fish. Res. Board Can. 
191 : 382 p. 

R o s s o ~ ,  D. S., AND D. G. CHAPMAN. 1961. Catch curves and 
mortality rates. Trans. Am. Fish. Soc. 90: 181-189. 

SCHIPJDL~K, D. W., AND E. J. FEE. 1974. Experimental Lakes 
Area: whole-lake experiments in eutrophication. J. Fish. 
Res. Board Can. 31 : 937-953. 

Scanhtori~, W. J. 1953. Use of pectoral fin-rays to determine 
age of the white suclter. Prog. Fish-Cult. 15: 113-1 15. 

SIMKISS, K. 1974. Calcium mctabolism of fish in relation to 
ageing, p. 1-12. /m T. U. Bagenal [ed.]. HProceedings of an 
international symposium of the ageing of fish. Gresham 
Press, Old Waking, Surrey. 234 p. 

SPANGLER, G. R. 197Q. Factors of mortality in an exploited 
population of whitefish, Cclrecqollmu ciliprofon91is ((hilit- 
chill), in northern Lake Huron, p. 515-529. 111 C. C. 
Lindsey and C. S. Wood [ed.]. Biology of coregonid fishes. 
Univ. of Manitoba Press, Winnipeg, Man. 560 p. 

SYCH, R. 1971. Some considerations on the theory of age 
determination of fish from their scales - finding proofs 
of reliability. EIFAC (Eur. Inland Fish. Advis. Gomm.) 
Tech. Pap. 13: 68 p. 

VAN OOSTEN, J. 1923. The whitefishes (Cr~regonus clripea- 
fomab.~). A study of the scales of whitefishes of known 
ages. Zsologica (N.Y.) 2: 381-412. 

1929. Life history of the lake herring (Leucichthy.~ 
~ r t e d i  Le Seur) of Lake Huron as revealed by its scales, 
with a critique of the scale method. Bull. U.S. Bur. Fish. 
44 : 265-428. 

WHITE, W. J., AND R. J. BEAMISM. 1972. A simple tag suitable 
for long term marking experiments. J. Fish. Res. Board 
Can. 29: 339-341. 

C
an

. J
. F

is
h.

 A
qu

at
. S

ci
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.n
rc

re
se

ar
ch

pr
es

s.
co

m
 b

y 
N

at
ur

al
 R

es
ou

rc
es

 C
an

ad
a 

on
 0

5/
02

/1
1

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.




