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Abstract

Ages determined from seales, otoliths, dorsal fin rays, and pectoral fin rays of 4 sample of Yellowstone Lake cutthroat trout
(Sabmo clarki) were compared, The Tour structures vielded similar precision between separate readings by a single observer.
Discrepancics in age determinations between scales and the other structures were observed. Otoliths tended to yield older ages
than scales, whereas fin rays tended Lo yield ages similar to or lower than those based on scales. The use of scales may lead
to an aging bias that resulis from the failure of some fish to form scales during their {irst year of life.

introduction

The use of scales to age fish began in the late
19th-century and is now widely applied for ag-
ing cutthroat trout, Salmo clarki. Scales have
been used to age cutthroat trout from Yellow.
stone Lake, Yellowstone National Park, since
management of the lake was initiated in the late
1940°s {Laakso and Cope 1956, Bulkley 1961,
Benson and Bulkley 1963), but fishery biologists
have not been satistied with the precision of
estimates based on scale readings. This study was
initiated in an attempt to find a more satisfac-
tory method for age assessment,

Recent research has indicated that other
structures may provide more precise estimators
of age among slow-growing, soft-rayed, fresh-
water fishes. Because the most promising struc-
tures appeared to be otoliths and fin ray sections,
we selected them for assessment and comparison
with scales in this study.

Otoliths have been used to estimate the age
of brook trout, Salvelinus fontinalis (Reimers
1979); Aretic grayling, Thymallus arcticus (Sik-
strom 1983); lake whitefish, Coregonus clupeafor-
mis (Barnes and Power 1984); round whitefish,
Prosopium eylindraceum (Jessop 1982); cisco or
lake herring, Coregonus artedii (Morin 1980); and
lengnose sucker, Catostomus catostomus (Tripp
and McCart 1974). In general, few differences
between ages determined from scales and from
otoliths have been observed among voung fish,
but estimates based on otoliths were consistently
older than those based on scales for older fish.
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Fin ray sections have been used to age brown
trout, Salmo trutta (Burnet 1969); Arctic grayling
(Sikstrom 1983); lake whitefish (Mills and
Beamish 1980); and white sucker, Catostomus
commersoni (MacCrimmon 1979). Like otoliths,
fin ray sections have tended to yield older age
estimates than scales among older fish. Burnet
(1969} found that two observers eorrectly read
scales from only 6 of 29 known-age brown trout,
whereas Burnet correctly read fin ray sections
from all of 22 known-age brown trout.

On the basis of the results of previous studies
with otoliths, dorsal fin ray sections, and pectoral
fin ray sections, we selected these structures to
determine if they would vield better precision
than scales in aging Yellowstone Lake cutthroat
trout. We assessed the precision of age estimates
between independent readings of the same strue-
ture by one observer, as well as the precision of
age estimates among the four structures based
on age determinations derived from readings by
three observers.

Methods

Cutthroat trout were obtained during the annual
gill-netting assessment of Yellowstone Lake fish
stocks by the U.S. Fish and Wildlife Service, on
September 18, 1984. Scales, dorsal fins, and right
pectoral fins were removed in the field, stored
in individually coded envelopes, and returned to
the laboratory for preparation and aging. Scales
were scraped with a knife from above the lateral
line near the dorsal fin. Fins were cut at the base




with surgical secissors. Otoliths 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 otoliths were re-
moved with foreeps, and placed in individual
glass vials containing 70% ethanol.

Scale preparation closely followed the pro-
cedure of Hagenbuck (1970). A wet mount of
several scales was made on a microscope slide
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) with
a microstructural cutting saw. Cross sections were
mounted on a microscope slide with Permount,
one to two drops of xylene, and a cover slip; then
examined under a dissecting microscope. Dtoliths
were placed in anise oil for four to six weeks
{Reimers 1979). Cleared otoliths were placed on
microscope slides with a drop of toluene to re-
maove the anise o1l residue, and were examined
under a dissecting microscope, utilizing reflected
light (Mosher and Eckles 1954).

Annuli on scales were identified according 1o
the techniques of Lux (1971). We relied on only
the presence of discontinuous or broken circuli
to identify annular marks. When otoliths were
ohserved, layers making up spring and summer
growth appeared as white, opaque bands, and
layers laid down during fall and winter appeared
as dark, translucent bands (Lux 1971). Similar
zonation patterns were observed on fin-ray sec-
tions. The first annulus was difficult to identify
in many fin-ray sections.

Two independent age determinations (the
reader did not know the results of the previous
reading) were made on each structure by one
technician who had been trained in annulus iden-
tification, to determine the precision among
readings by one observer,

One reading of each structure was conducted
independently by each of two additional techni-
cians, The first reading by the three technicians
was used as the estimate of fish age. When two
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
perceni agreement among independent readings
of a structure by one technician, as well as among
age determinations when different structures

were used. Chi-square analysis was used to deter-
mine significant trends. The **Index of Average
Percent Error”” (AEL%) of Beamish and Fournier
(1981) was computed for all comparisons,

Results
Reader Agreement

Percent agreement of age determination between
two independent readings ranged from 51 % with
otoliths to 72% with pectoral fin rays (Table 1).
The AE1% ranged from 15% for scales to 33%
for otoliths. Precision between readings was the
poorest for otoliths and the best for scales and
pectoral fin rays.

A comparison of the number of agreements
and disagreements among the four structures,
made by using a 2 x 4 Chi-square contingency
table, vielded a significant difference in the ratio
of agreements to disagreements (Chi-square =
12.557, df = 3, p < 0.01}. When the same com-
parison was made without otoliths, no significant
difference in the ratio of agreements to dis-
agreements was observed. These results indicated
that the agreement between first and second
readings was similar among the structures, ex-
cept for otoliths which produced a higher level
of disagreement.

Age determinations based on the two in-
dependent readings differed by as much as three
years (Table 1). Age determinations differed by
one year in 26% of the pectoral fin ray readings,
and in 3% of the otolith readings.

Comparisons of Age Determinations

Agreement between age determinations was
lowest (51 %) for the comparisons between oto-
liths and fin ray sections and highest (56%) be-
tween scales and all three of the other structures
(Table 2). A 2 x 6 Chi-square contingency test of
the number of agreements and disagreements in
age determination among the six comparisons of
structures indicated no significant difference
among the structures. This test indicated that no
two structures yielded a higher level of aging
precision than any of the others.

The AEI%, computed for the six comparisons
of aging precision among the four structures
(Table 2), ranged from 22% for scales and pec-
toral fin ray sections to 28% for otoliths and pec-
toral fin ray sections.
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TABLE 1. Results of two independent age determinations by a trained technician using four different structures from Yellow-

stone Lake curthroar trout,

Structure Sample Percent Percent disagreement by AE1%?
different numbers of vears
size agreement One  Two  Three
Scales i10 72 26 2 0 15
Otoliths 107 5l 35 10 3 33
Dorsal fin rays 108 68 29 2 2 19
Pectoral fin rays 108 72 26 1 1 15

8See text for explanation.

TABLE 2. Percent agreement between age determinations based on four different structures from Yellowstone Lake cutthroat
trout. The index of average percent errar (AEI%) is in parentheses.

Structure Compared

Structure Scales Otoliths Dorsal Fin Rays
Otoliths 56 (26)
Dorsal fin rays 56 24) 31427
Pectaral fin rays 36 (22) 51 (28) 54 (23)

Bias in age determination among the four
structures was indicated (Figure 1). When scales
were compared to the other structures, scales
tended to yield lower ages than otoliths (figure
la), to have about the same aging bias as dorsal
fin rays (Figure 1b), and to yield higher ages than
pectoral fin rays (Figure 1¢). Otoliths tended to
yvield higher age determinations than either dor-
sal fin rays or pectoral fin rays (Figure 1d, e),
When dorsal fin ray age determinations were
compared to those of pectoral fin rays, it was
observed that dorsal fin rays tended to yield
higher age determinations (Figure 1f).

Discussion

The resuits of this study disagreed with recent
literature indicating that the use of scales for ag-
ing slow-growing fishes may be a less desirable
choice than otoliths or fin ray sections. Dif-
ferences in the life span of Yellowstone Lake cut-
throat trout compared with that of fish in other
stocks that were studied may contribute to the
disagreement. The Yellowstone Lake cutthroat
trout in our sample were from one to six years
old. Samples used in other studies included fish
with a life span more than twice that of
Yellowstone Lake cutthroat trout. Differences in
age determinations tended to appear among fish
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older than six years in the other studies (Beamish
and Harvey 1969, Beamish and Chilion 1977,
Power 1978, Sikstrom 1983, Barnes and Power
1984),

Discrepancies in age determinations between
scales and other structures may be partly due to
the frequent failure of Yellowstone Lake cut-
throat trout to grow large enough to form scales
during their first year of life (Laakso 1955). The
only structure to show a trend toward older age
determination was the otolith. Fin rays tended
to yield age determinations similar {o, or less
than, those given by scales, This tendency may
be due to the difficulty in identifyving the first
annulus in fin ray cross sections {Beamish 1973},

Otoliths tended to yield older age determina-
tions than sections of either pectoral or dorsal
fin rays. This tendency may be further evidence
that the first annulus was not being identified
on many of the fin ray cross sections.

The results of this study indicated that ag-
ing preciston was not high with any structure
studied, and otolith and fin ray cross sections did
not vield better precision in age determinations
of Yellowstone Lake cutthroat trout than scales,
However, the data indicated that the use of
otoliths may reduce some aging bias that occurs
when using only scales, Age estimates may be
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Figure 1. Comparisons of age determinations based on scales, otoliths, dorsal fin rays, and peetorul fin ravs for Yellowstone
Lake cutthreat trout. Points are individual fish except where indicated by a number. Points an diagonal linc indicate

comparisens where assigned apes by both structures were identical.
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more accurate if scales and otoliths are used in
combination. When the techniques described are
used, otoliths are casy to remove from fish in the
field and to prepare and read in the laboratory.
We believe that the use of hoth scales and
otoliths for aging Yellowstone Lake cutthroat
trout should be considered.

Beamish and McFarlane (1983) cautioned
fishery workers to validate age and growth
studies by using mark-recapture experiments or
assessment of known-age fish from a population.
Such a validation has not been done on Yel-
lowstone Lake cutthroat trout and would be dif-
ficult because both the lake and the population
are large. They suggested that if validation
studies are not possible, fish should be aged by
several methods, and the possibility of errors in
age estimates be considered. Our study provided
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a basis for suggesting that the use of one or two
additional methods for determining the age of
cutthroat trout would improve aging techniques
currently used at Yellowstone Lake.
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