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Fifteen populations of lake whitefish (Coregonus clupeaformisy were sampled to compare
the fin-ray and scale aging technigues. There was good agreement between aging methods in
fast growing populations, but usually fin-ray ages were larger than scale ages in slow-growing
populations. The validity of each aging method was tested by comparing fin-ray and scale
ages taken from three populations of whitetish when marked 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 on fin-ray sections more
often than on scales of recaptured fish. When growth was extremely poor, annular marks on
scales of recaptured fish were rarely distinguishable, but still recognizable on the majority of
fin-ray sections. When fin-ray 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 correspond-
ing scale age based estimates, In general, the fin-ray method was more reliable than the scale
method of aging lake whitefish.
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Dans le but de comparer les rayons de nageoire et les écailles dans la détermination de
I"age, 15 populations de grands corégones (Coregonus clupeaformis) ont ¢té échantillonnées.
Les deux méthodes s’accordent bien chez les populations & croissance rapide mais, chez les
populations & croissance lente, les ages déterminés par les rayons de nageoire sont plus élevés
que les ages scalaires. Nous avons vérifi¢ la validité de chaque méthode en comparant 1’dge par
les rayons de nageoire et les écailles prélevés sur trois populations de grands corégones marqués
et recapturés au moins une année plus tard. Quand la croissance est rapide, les poissons re-
capturés portent des marques annulaires & la fois sur les rayons de nageoire et sur les écailles.
Quand la croissance est plus lente, les marques annulaires apparaissent sur les coupes de
rayons de nageoire plus souvent que sur les €cailles des poissons recapturés. Avec croissance
tres lente, les marques annulaires sur les écailles des poissons recapturés sont a peine distinctes,
mais peuvent encore éire reconnaissables sur la majorité des coupes de rayons de nageoire.
Quand les Ages déterminés par les rayons de nageoire sont uniment supérieurs aux ages scalaires
dans une population donnée, les estimations de la survie annuelle fondées sur les rayons de
nageoire sont plus élevées et la croissance plus lente qu’avec les estimations correspondantes
fondées sur les écailles. En général, les rayons de nageoire sont plus fiables que les écailles pour
déterminer 1’dge du grand corégone.
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THE purpose of this study was to compare the scale
and fin-ray methods of age determination for lake
whitefish  (Coregonus clupeaformis), examine the
validity of each method in whole lake mark—recapture
experiments, and discuss some consequences of aging
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errors on estimates of growth and annual survival.
Scales are the traditional structures used for aging
lake whitefish and most other freshwater teleosts {( Ever-
hart et al. 1975}, but tests of the method’s validity are
conflicting. Van Oosten (1923) and Hogman (1968)
held lake whitefish under artificial conditions to de-
termine whether annuli were formed yearly on scales.
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Van Oosten could identify annuli on scales from white-
fish held under constant conditions in aquariums, and
Hogman found two distinguishable marks formed on
scales of fish held in hatchery pools. Neth (1955) com-
pared scale ages of lake whitefish at release with those
at recapture 1 yr later in a whole lake study and found
most fish formed one annulus, but felt that older, slower
Qrowing individuals might be underaged. Sych (1971)
ompared scale ages from Swedish coregonids with
nown ages and found frequent underaging in many
@opulutions. Crowding of annuli, failure of annulus for-
@nation, resorption or difficulties in interpretation of
cales are widespread for in vivo populations (see
“arlander (1974) for a review).
O The scale method has rarely been compared with
@ther methods of aging. Notable exceptions arc Aass
1972) who compared otolith and scale ages using the
isco Coregonus albula, Beamish and Harvey (1969)
ho compared fin-ray and scale ages using the white
sucker (Catastomus commersoni), and Power (1978)
Svho compared scale and otolith ages for luke whitefish.
‘Al three studies showed that when differences between
z‘ging methods occurred, scale ages were usually lower
Bhan corresponding ages determined by the alternative
gmethod.
O SAlternatives to scale aging are available for most
g_ cies, but generally researchers have resorted to these
@Ey when scale aging was very difficult. Deelder and
Selliamsee (1973) showed that fin-rays were acceptable
feernatives to scales for many European species.
errier (1951} showed fin-ray aging was feasible for
Odgfe whitefish and this aging method was chosen as
Siffalternative for this study.
PAge composition data are necessary for calculating
1any population parameters, but rarcly are errors in
gages considered a serious source of bias. The argument
Srequently used is that errors would affect only a small
portion of a sample, generally old individuals which
ake up only a small part of the population (Le Cren
o974},
c

Materials and Methods

‘5 Lake whitefish were collected from 15 Canadian lakes
sing gill nets in all Takes. Trap nets were also used in
§.226 (Luke 226). Seven lakes were located within the
xperimental Lakes Area, Ontario. The other eight were
gocated across central and northwestern Canada. Two
_g::kes, £226 and L302, were divided into halves using vinyl
Swalls for whole lake experiments in eutrophication
LL{Schindler and Fee 1974). Lakes were selected to repre-
Tent wide ranges of surface area, maximum depth, and
&eographical location (Table 1). Only South Bay, Mani-
Qoulin Island, was sampled in Lake Huron. In other lakes
larger than 1,000 km® whitefish were gathered from more
than one location.

After fish were weighed, fork length recorded, and sex
determined where possible, at least three scales and two
fin-rays were removed from each fish. Scales were taken
from ecither the first or second row above the lateral line
beneath the posterior portion of the dorsal fin (Johnson

Dow
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TasLE I.  Location, whitefish sample size, and some physical
characteristics of the study lakes.

Surface Maximum

area depth  Sample
Lake Location (km?) (m) size
Bell 46" N, 81" W — — 36
Clay SO0'N,93'W 30 24 111
Dezadeash 61°N,137"W 77 8 213
ELA: 122 <1 13 200
226 <1 15 410
259 i 20 43
302 49°N,93°W <1 14 76
305 <1 33 37
310 <1 20 78
468 3 25 82
Great Slave 62°N,114°W 27,195 625 62
Huron 45"N,32°W 59,596 229 164
Opeongo 457N 48°W 59 52 100
Southern Indian  57°N,99°W 2,250 37 415
Winnipeg S2N98TW 24,500 37 308

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

To determine whether whitefish formed one annulus per
year on both scales and fins, fish captured in L226 and
L302 were marked and returned to their respective capture
locations after sampling. Fish with fork lengths greater
than 15 cm were tagged with either individually numbered
dart or modified spaghetti tags (White and Beamish 1972).
A minimum of 1 yr elapsed after release of marked fish
before recaptures were sampled again during routine fall
trapnetting and gillnetting.

Three additional scales were removed from recaptured
fish from the same area as those taken previously, and at
least two fin-rays were removed from the unclipped pelvic
fin for use in age determinations. Rays were removed from
a pectoral fin of fish which had had both pelvic fins clipped
previouslty. Clipped fin-rays did not regenerate on whitefish
larger than 22 cm and in smaller fish the regenerated rays
were deformed and easily recognizable. Regenerated fin-
rays or scales were not used for any age determinations.
All age determinations using fin-rays or scales were made
without reference to lengths of fish or previously assigned
ages.

Scales were read by scale readers in whatever manner
each thought appropriate. All readers had extensive prior
expericnce in aging whitefish; two had routinely aged
whitefish for over 20 yr using scales, Van Oosten (1923,
1929 established the criteria used for annulus determina-
tion: the crowding of circuli, “cutting over” of circuli on
the antero-lateral fields, or both (Bell et al. 1977; Christie
1963; Edsall 1960; and others). Six different readers read
the same set of scales taken from L310 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 or another of the above
readers. The same individual read all scales taken from
1L.226 and L302 whitefish for each of the 3 yr of sampling.

Fin-rays were mounted in clear epoxy, dried, and sec-
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TaBLE 2. Summary of percent agreement between pairs of
fin-ray and scale ages for lake whitefish from 15 populations.

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

Huron 93 100 2 5
Clay 79 96 7 14
Winnipeg 55 88 19 26
Bell 42 72 19 39
122 30 75 18 52
226 47 60 3 50
302 41 59 1 58
Southern Indian 27 56 9 64
Opeongo 26 40 1 73
Dezadeash 23 48 1 77
Great Slave 23 60 21 56
259 18 47 1 79
468 16 29 0 84
3102 15 49 5 79
305 8 11 0 92

aThe best agreement between fin-ray and scale readers.

tioned with jewelers’ saws using 7/0 or 8/0 blades. In-
dividual sections about 0.5 mm thick were brushed clean
and mounted on slides for age determinations under a
compound microscope. The translucent zone which ap-
peared as a clear ring extending completely around the
center of individual rays under transmitted light was con-
sidered an annulus. Fin-ray annuli were similar in ap-
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pearance to those described by Beamish (1973), Beamish
and Harvey (1969), and Scidmore (1953) for white sucker.
Two individuals read fin-ray sections from L310 fish inde-
pendently and sets of fin-ray sections from other lakes
were read by one or the other of these readers. The same
individual read all 1226 and L302 fin-ray sections.

We chose growth curves and annual survival estimates
to demonstrate some effects of aging disagreements on
population parameters. These werc calculated for 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 constructed from mean length at age
data using each aging method. Survival was 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). The 15
populations could be separated into two groups based
on agreement between pairs of corresponding fin-ray
and scale ages.

The first group consisted of five populations and was
characterized by generally good agreement between
aging methods. Either pairs of fin-ray and scale age
agreed for most individuals or differences between the
ages were rarely greater than 1 yr. Fish collected from
Clay Lake, LLake Huron (Fig. 1), Lake Winnipeg, Bell
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FiG. 1.

Comparisons of fin-ray, scale age pairs for lake whitefish from four populations.

The Lake Huron and Lake 122 plots are representative of group 1 populations. The
Dezadeash Lake and Lake 226 plots are representative of group 2 populations. See text
for complete explanation. Numbers represent individual pairs of ages falling in each age

category. The diagonal line indicates comparisons where fin-ray ages ==

scale ages. Com-

parisons where scale ages > fin-ray ages are above the line; comparisons where fin-ray

ages > scale ages are below the line.

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

The second group was composed of the 10 remain-
ing populations and was characterized by poor agree-
ment between aging methods and many comparisons
where fin-ray ages were more than 1 yr greater than

Shcale ages. Many individuals were aged as 8 or older
sing fin-rays. Few were aged as old as 8 using scale
oRges.

The poorer the agreement was between methods of
Quging in the second group, the younger the age-classes

hich showed consistent differences. In populations

here agreement between methods was approximately

5-50%, as in L.226 (Fig. 1), fin-ray ages were con-
fistently greater than scale ages, starting at scale ages
gof 4 or 5. In populations where agreement was 30%

r less, like Dezadeash Lake (Fig. 1), consistent dif-

ferences in aging started at scale ages of 2 or 3. In-

ividuals with greater scale ages could have fin-ray
Sages two or three times those of the corresponding
Wscale ages.

The L310 population sample exhibited poor agree-
Oment between methods and was well suited for an
%xamination of replicability between readers. Agree-
Omént between fin-ray readers (61% ) was better than

Greement between any combination of scale readers
(@49 ). The best agreement between any combination
fin-ray and scale readers was 15% and the worst
reement was 6% . While the fin-ray ages of one reader
re slightly higher than those of the secend, the dif-
Ofgrences were much less than those between scale
Cro'ders. The variation in age assigned a particular fish
‘gs sometimes large, as much as 14 yr between a fin-
ay and a scale age. See Beamish et al. (1976) for a
Emore detailed discussion of these results.
g Fish length was a poor indicator of fish age for L310
hitefish, as was generally true for other populations
'%m this second group. While the smallest individuals were
Onormally younger than the largest ones, large variations
in age within 1 cm length groups obscured any clear
Orelationship. More variation within these length groups
was apparent using fin-ray ages rather than scale ages
Qin the L310 sample, by as much as 11 yr, but scale
;ages also varied widely, by as much as 8 yr.

B

=]
gAGE VALIDATION FOR 1226 AND L302 LAKE WHITEFISH

® Of the 923 marked whitefish released in 1.226 during
L1973 and 1974, 195 were recaptured in 1974 and 1975
Tfor age comparisons. Of the 61 marked whitefish re-
Gleased in L302 in 1975, 29 were recaptured for age
Ocomparisons in autumn 1976, Results from the two
separate basins of 1.302 were combined because the
wall permitted intermixing of fish between basins. Re-
sults from the two basins of 1226 are discussed sepa-
rately because there was no interchange of fish between
basins.
Comparisons of age at release and age at recapture

RIGHTS L
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TaBLe 3. Summary of differences in age of individual white-
fish determined at initial marking (M) to later recapture (R)
using the fin-ray and scale aging techniques. The number of
individuals whose change in age {(R—M) equaled the number of
winters between marking and recapture is indicated by *

No. recaptured No. recaptured

Change in [ yr after release 2 yr after release
age
Lake (R-M)  Scales Fin-rays Scales  Fin-rays
L226 NE —~2(<)* 2 1
—1 1
0 8 1
1 42% 68* 7 1
2 9 2 29* 37*
3P 3
L226 SW —2(<) 1 1
—1 3 1
0 13 1 6
1 34% 56* 21 2
2 5 1 3* 23%
3= 3 1
L302 —2(<) 1
-1 3
0 19 10
1 2% 18*
2
3(>)

4The age at recapture was 2 yr or less than at marking.
bThe age at recapture was 3 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). While 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).

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

Growth curves based on scale ages (Fig. 5) fell
within the range reported for other lake whitefish popu-
lations (Healey 1975). Growth curves based on fin-
ray ages could be 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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Fic. 2.

Scales and pelvic fin-ray scctions from a L1226 NE whitefish taken at marking (A, C) and recapture (B, D) 1yr

later. Annuli are indicated by (~). Both scales and fin-ray sections were aged 3 at release and 4 at recapture.

tions could be divided into three groups based on com-
parisons between pairs of fin-ray and scale growth
curves.

The first group was made up of four populations
which had similar fin-ray and scale growth curves and
were generally located in the upper range of whitefish

RIGHTS L

growth (Fig. 5A). Three of these populations (Lake
Huron, Lake Winnipeg, and Clay Lake) exhibited very
rapid growth rates and contained larger individuals
than other populations. The L122 population also
showed good agreement between scale and fin-ray
growth curves, but somewhat slower growth.
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The second group was made up of three populations
whose fin-ray growth curves indicated moderately
slower growth than those derived from scales (Fig. SB).
The scale growth curves for these populations, Southern
Indian, L226 and L302, were generally in the middle
range of whitefish growth. The 1226 population (Fig.
6) is representative of this group and shows that dif-

RIGHTS L

Scales and pelvic fin-ray sections from a 1.226 SW whitefish taken at marking (A, C) and recapture (B, D) 2 yr
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.

T
—
8
©)

ferences between growth curves due to aging methods
start at age 4, the age of sexual maturity for this popula-
tion. Slower growth after sexual maturity using fin-ray
ages was a common characteristic of this group.

The third group was made up of four populations
whose fin-ray growth curves indicated much slower
growth than those derived from scales (Fig. 5C). The
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Scales and pelvic fin-ray sections from a L1302 whitefish taken at marking (A, C) and recapture (B, D) 1 yr later.

Annuli are indicated by (-). Both scales and fin-ray sections were aged 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
in the lower range of whitefish growth. The Dezadeash,
Opeongo, L310 and L468 populations had fin-ray
curves that indicated much poorer growth than thosc
derived from scales with differences starting in age-
groups before sexual maturity. The Dezadeash Lake

i,

population, representative of this group (Fig. 6),
showed that differences in growth curves can occur in
fish as young as age 2, well before sexual maturity.
These populations were composed almost entirely of
small whitefish from many age-groups. Few individuals
larger than 30 cm were present.
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G. 5. A summary of individua! comparisons between fin-ray and scale age based growth curves for 11 populations. A,

gk Resources Canada on 05/6@KL1.ength (cm)

e based curves differed from scale-based curves starting at

e range of growth where fin-ray ages and scale ages resulted in very similar growth curves; B, the range where fin-ray

age 4 or 5; C, the range where fin-ray age based curves dif-

gred from those of scales starting at age 2 or 3. Dots indicate the previously reported range of whitefish growth based on

®ale ages (Healey 1975).
Z

>
éNNUAL SURVIVAL

Sgnnual survival rates calculated from our data and
reviously published rates for the same populations are
Bresented in Table 4 for 11 of the populations. Our
h curve rates and previously published rates based
scale ages agree well. For four populations survival
mates using fin-ray ages agreed well with correspond-

@i scale estimates. In most populations fin-ray esti-
fmgtes were much higher than scale estimates. In only
cases was the scale based annual survival greater

an its fin-ray counterpart. Generally, fin-ray survival
gates were greater than those using scales and could
as much as twice the corresponding scale estimates.
wo mark—recapture annual survival estimates inde-
'gendent of age data are available for comparison with

catch curve rates. Both mark-recapture estimates are
similar to fin-ray estimates for L.ake Huron and L226.
The scale survival estimate was similar to the mark-
recapture estimate for Lake Huron, but well below
the mark-—-recapture estimate for 1.226.

Discussion
WHITEFISH AGE DETERMINATION

A common method 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, comparing ages for individual fish and reporting
percentage agreement between sets of ages, or reaging
individuals where disagreements occur. Ricker (1975)

@]
E
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o
.é_;' 400
f 350
g 7
o E 3001
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L 2001
- 3 L 226
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¢ 2z 4 6 8 10 2 4 & ®B 260 2 4 6 8 1 12 K ® B
Age Age
F16. 6. Growth curves determined from fin-ray () and scale (A) mean lengths at age
for Dezadeash Lake and L226. The dashed lines are eye-fitted growth 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 popula-
tions undergoing moderate and heavy exploitation; the lower
group of populations undergoing light exploitation or un-
exploited. Other independent estimates are presented for com-
parison where survivorship = 1 — total mortality rate.

Annual survival

Scale Fin-ray Scale
age age literature Mark
Lake +95% +959,. values recapture

Huron A74+.110 (194,12 .073-.38P 11t
Clay .46+ .08 .48+ .08
122 494,05 .43+.06
Winnipeg .524.06 .50+ .06 .04-.50¢
468 274,10 .68+£.08
302 354011 641010
Dezadeash 44+ .08 .60+ .07
Opeongo 49+.07 .75x.05 .41-.59¢
226 59+.04 J73+.04 758
Southern Indian .60+ .04 .70+ .04 .30-.57¢

aBudd and Cucin (1962).

bCucin and Regier (1965).

cDavidoff et al. (1973).

dRicker (1947), dwarf form excluded.

eAyles (1976).

ISpangler (1970).

K. H. Mills 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 Huron sample, the
fastest growing population, exhibited this level of agree-
ment between methods. Both Neth (1955) and Christie
(1963) found close to 80% agreement between sets of
scale ages for other relatively fast-growing populations.
For slower-growing populations, we found agreement
between methods or readers to be much lower. But 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 agreement between sets of
age dcterminations can be an unrcliable statistic with
which to judge consistency between aging methods. For
example, the L122 sample showed poor agreement be-
tween aging methods (30%) but rarely was the dif-
ference between aging methods greater than 1 yr. More
importantly, there was little consistent bias between
aging methods. The resulting growth curves and sur-
vivorships using either method of aging were almost
identical. Despite the poor agreement betwecn aging
methods, the effects on parameters calculated from these
ages was minimal. The 1226 data showed better agree-
ment between aging methods (47%) than the L122
data, but a consistent bias was present between the two
aging methods. Fin-ray ages were gencrally greater

i,
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than scale ages (Fig. 1). The resulting growth curves
and survivorships for 1.226 whitefish showed large dif-
ferences depending on which method of aging was used.
Despite better agreement between aging methods in
1.226 than L122, there were great differences in the
parameters calculated from the age data depending on
which method of aging was used. Percent agreement
only assesses whether ages determined by one method
equal those of another, without quantifying the magni-
tude of differences.

Aging techniques for each population of interest
should be validated in situ. This certainly is not pos-
sible in most cases. We suggest instead that scales and
fin-rays be examined for a lake whitefish population
to determine if one method consistently results in
greater ages than the other. Simple data plots like Fig. 1
are more valuable 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 1978) or some other bony
structure might also be used. Otolith ages for lake
whitefish can agree well with fin-ray ages for some
populations {K. Machniak, personal communication,
Department of Fisheries and Oceans, Freshwater In-
stitute ), but it is necessary to kill 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 (Simkiss
1974). Therefore, an alternative method of age de-
termination also has a physiological basis.

If consistent differences between fin-ray and scale
ages occur, we believe the fin-ray ages are more de-
pendable than scale ages. The different growth regimes
in 1.226 and L302, combined with the age validation
possible in these iakes, provide a plausible explanation
for the aging disagreements found between different
methods used for many lake populations. The pro-
ductivity of L226 NE is much higher than that of 1.226
SW or L302 (Schindier and Fee 1974; Fee 1980).
Marked whitefish grew faster in 1.226 NE (averaging
31 mm/yr), slower in L1226 SE (16 mm/yr), and
slowest in 1.302 (1 mm/yr}. After a year of good
growth, as in L.226 NE, distinguishable annuli are
formed on both scales and fin-rays. Under conditions
of moderate growth, as in 1.226 SW, annuli are easily
distinguishable on fin-rays, but not on scales. When
growth is minimal, annuli are rarely distinguishable on
scales, and not always apparent on fin-ray sections.
Combinations of years of good, moderate, or minimal
growth could easily explain the large differences in
scale and fin-ray ages present in many of the lake
whitefish populations of Table 2.

SOME IMPLICATIONS OF AGING ERRORS ON WHITEFISH
GROWTH, SURVIVORSHIP, AND MANAGEMENT

Since fin-ray ages are correct more often than scale
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ages, then when consistent differences occur between
the methods, paramecters based on fin-ray ages should
be more reliable than those based on scale ages. The
good agreement between the mark—recapture and catch
curve survival estimates for 1.226 supports this (Table
4). This has important implications for lake whitefish
management.
O Carlander (1974) has shown that overestimates of
owth often result from aging errors. Growth of popu-
%ﬁons in the middle and lower range of whitefish
rowth was overestimated using scales (Fig. 6). All
of these populations were also unexploited except that
f Southern Indian Lake, which is only lightly ex-
loited (Ayles 1976). All these populations contained
rge numbers of older individuals, beyond age 8.
hile our data based on fin-ray ages are not as ex-
nsive as those based on scale ages for many whitefish
Populations, it is very likely that growth rates of other
glower-growing lake whitefish populations have been
Tboverestimated using scales.
5 When scale and fin-ray ages differed markedly for a
gopulation, the annual survival based on fin-rays was
igher than that using scales. Populations which showed
e greatest difference between fin-ray and scale-based
@nnual survival were the unexploited or lightly exploited
ehulations (Table 4). All previous estimates of sur-
%gorship for unexploited populations are from scale age
atglcture data (Healey 1975). It is very likely that
<hBse previous estimates were very conservative, under-
gimatin g the true rates.
O GWhen using fin-ray ages, an inverse relationship be-
@wpen growth and survivorship was apparent. Slow-
towing populations had high survivorships. Fast-grow-
populations had low survivorships. If growth and
urvivorship were calculated using scale ages, no re-
Fationship was apparent. Healey (1975) also found
“%ttle correlation between survivorship and growth in an
gxtensive review of whitefish population dynamics based
@n scale ages. We believe that errors in aging white-
Sish using scales might have obscured this relationship.
§ While our data show that scale age determinations
re acceptable for moderately or heavily exploited
_populations, and unacceptable for lightly or unexploited
GPopulations, others which are in transition from re-
atively unexploited to heavily exploited could also
ow errors due to aging. Current management practice
ir)lr northern lake whitefish fisheries is to crop the popu-
fations more intensively. Many of these populations
i£xhibit relatively slow growth rates. There is sufficient
~gvidence to suggest that an increase in harvest will
roduce an increase in growth rate for lake whitefish
Healey 1975). The use of scale ages instead of fin-ray
ages for populations such as L226 or Dezadeash Lake
(Fig. 6) before and after 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
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Fic. 7. Some possible consequences of incorrect scale
aging under conditions of changing exploitation: (A)
growth curves and (B) age at sexual maturity. Condition
before exploitation (a) and after (b).

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

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