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Growth Estimates from Tagged White Sturgeon Suggest That
Ages from Fin Rays Underestimate True Age in the Kootenai
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Abstract.-We used tagging data for 760 recaptured Kootenai River white sturgeon Acipenser
transmontanus that had been at large for as long as 23 years to examine the validity of ages assigned
from pectoral fin rays. Growth estimates from tagged white sturgeon in the Kootenai River indicated
that age estimates from fin rays were underestimates of the true-ages. Bias. was estimated from
growth differences between length-at-age relationships derived from fm ray ages and recaptures
of tagged fish. Growth of tagged fish was substantially less than predicted from fin ray length-at-
age curves. Age-specific lengths estimated &om fin rays cannot be achieved at the growth incre-
ments observed for tagged fish. Ages estimated from fin rays were 30-60% less than the apparent
ages from tagging data. Thus, actual ages may be 1.5-2.0 times the ages estimated from fin rays.
Apparent aging bias will result in substantial changes in population parameters estimated from
age, including growth, mortality, longevity, and year-class strength, which- will have significant
implications for efforts to preserve this endangered species and enable it to recover.

Accurate age assessments are crucial for un-
derstanding and managing long-lived species such
as sturgeon. When compounded over many years,
even small aging errors may have large effects on
estimates of growth rate; mortality rate, age of
maturation, spawning periodicity, reproductive
potential, year-class strength. and population pro-
ductivity (Archibald et al. 1983; Beamish and
McFarlane 1983; Bradford 1991; Richards et a1.
1992). These population parameters often underlie
assumptions of management models used to eval-
uate protection and recovery measures for weak
stocks of sturgeon (Kincaid 1993; Morrow et al.
1999; Secor and Waldman 1999; Pine et al. 2001)
and sustainable fishing rates for strong sturgeon
stocks (Rieman and Beamesderfer 1990; Boreman
1997; Quist et al. 2002). Risks of demographic
extinction or overfishing will be exacerbated by
erroneous assumptions biased by aging error.

Sturgeon are commonly aged by counting the
opaque and translucent banding patterns in thin
cross sections of the leading pectoral fin ray, on
the assumption that an annulus is laid down for
each year of life (Currier 1951; Kohlhorst et a1.
1980; Guenette et al. 1992; LeBreton and Beamish
2000). Fin ray sections have provided the greatest
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reader precision in evaluations of a variety of cal-
cified age structures (Brennan and Caillet 1989)
and can be removed with minimal harm to sturgeon
(Rien et aI. 1994; Collins and Smith 1996).

Although Beamish and McFarlane (1983) high-
lighted the need for validation of aging methods
in fISheries biology, validation studies for sturgeon
have been limited. Brennan and Caillet (1991) .con-
cluded that bands occurred annually based on re-
sults for oxytetracycline (OTC)-marked fin rays
for 19 white sturgeon Acipenser transmontanus at
large from I to 3 years. Rossiteret al. (1995) ob-
served a close correspondence between the number
of additional annuli and the number of years at
large for paired fin samples and OTC-marked lake
sturgeon A. fulvescens at large for 1-3 years but
also noted that the close proximity of some annular
rings could result in an underestimation of true
age if two rings are counted as one.' Sokolov and
Akimova (1977) and Sokolov and Malyutin (1978)
suggested that Siberian sturgeon A. baeri in the
Lena River may form two bands per year and thus
their ages could be overestimated. However, Rien
and Beamesderfer (1994) observed consistent un-
derestimation of years at large for impounded
white sturgeon populations in the Columbia River,
based on observations of 216 OTC-marked fish at
large for 1-4 years.

Our objective was to use tagging data for KQote-
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nai River white sturgeon at large for as long as 23
years to examine the validity of ages assigned from
pectoral fm rays and to quantify the apparent bias
in age estimates. Predicted growth increments
were estimated for each tagged fish from length-
at-age curves based on length at tagging and years
at large (von BertalanfIY's growth curve; Ricker
1975). Predicted increments were compared with
observed increments between tagging and recap-
ture to evaluate the accuracy of length-at-age re-
lationships based on fin rays.

The Kootenai River white sturgeon is an iso-
lated headwaters population that is listed as en-
dangered under the U.S. Endangered Species Act
(Duke et at. 1999; USFWS 1999). Natural re-
cruitment has failed and the population now con-
sists .of a dwindling number of adults (Paragamian
and Kruse 2001; Paragamian et at. 2001). Re-
covery measures include attempts to restore hab-
itat conditions suitable for recruitment and insti-
tuting a conservation hatchery program (Para-
gamian et at. 2001; Ireland et at. 2002a, 2002b).
Any discrepancies in age determinations could
have serious consequences for demographic stud-
ies and recovery

Methods

Mark-recapture data are available for Kootenai
River white sturgeon sampled in many unpub-
lished studies from 1978 through 2001 and on file
with the Idaho Department of Fish and Game
(IDFG; Panhandle Region, Coeur d' Alene, Ida-
ho). Individual fish were distinguished with
uniquely numbered spaghetti or passive integrat-
ed transponder (PIT) tags. Fork length (FL) was
recorded to the nearest centimeter at release and

recapture. Pectoral fin ray sections were collected
from many fish and subsequently used to estitJ..late
age using standard methods (Brennan and Caillet
1989). All fin ray sections were aged by at least
two experienced viewers. All data were stan-
dardized in a comprehensive database maintained
by the IDFG.

The validity of ages assigned from pectoral fin
rays was inferred on the basis of a comparison of
the observed growth increments from length-at-
age curves and recaptures of marked fish to de-
velop predicted lengths at age. Length-at-age
curves were fit to fm ray age data by using von
Bertalanffy's (Ricker 1975) equation and a non-

TABLE I.-Release and recapture numbers for wild white sturgeon sampled in the Kootenai River, 1977-2001.

Year and Year

catch Number
variable tagged 1978 1979 1980 1981 1982 1983 1986 1987 1989 1990 1991

1977 96 0 0 0 I I I 0 0 I I 0

1978 49 1 2 2 I 0 0 0 I I 0

1979 19 2 0 I 0 0 0 0 0 0

1980 163 18 10 0 0 0 5 4 3

1981 156 7 1 0 0 7 0 1

1982 63 0 0 0 7 1 0

1983 10 0 0 0 0 0

1984 0 0 0 0 0 0

1985 0 0 0 0 0 0

1986 2 0 0 0 0

1987 10 1 0 0

1988 0 0 0 0

1989 208 23 6

1990 100 3

1991 43
1992 44
1993 81
1994 133
1995 178
1996 105
1997 60
1998 69
1999 39
2000 50
2001 26
Total 1,704 0 1 4 21 20 2 0 0 22 30 13

Total catch 49 20 167 177 83 12 2 10 230 130 56

% Tagged 0 5 2 12 24 17 0 0 10 23 23

a Recaptmed more than once.



linear curve-fitting routine. Predicted annual
growth increments of tagged individuals were cal-
culated as the difference between length at release
after tagging and lengths after recapture, divided
by years at large.

Length-at-age curves were derived from tagging
data with a modification of the method of Fabens

(1965). Growth increment data were fitted to a von
Bertalanffy growth curve reformulated in terms of
size increments versus size at tagging and period
at large, namely,

M = (L..,-Ldl - e -leI)

where t is time of tagging, T is the number of years
betwee):1 tagging and recapture, I1L is the increase
in length between release and recapture (L'+T -
LJ, L", is the von Bertalanffy length at infinity, and
k is the von Bertalanffy growth rate coefficient.
We estimated L", and k by using a linear regression
of growth increment versus length where the slope
was equal to e-Ie- 1 and the x-intercept was L",
(Gulland 1983; Haddon 2001). To standardize data
for various periods at large, we annualized the
growth increment (I1LIT) and expressed length as
the median between tagging and recapture ([L'+T

+ L,]/2). Since this method does not provide an
independent estimate of the hypothetical age at
which fish would have been zero length (to), found
in the von Bertlanffy equation, we used the est-
imate based on the fm ray regression for both
length-at-age curves.

Bias in age estimated from fin rays was quan-
tified by using comparisons of observed length-at-
age curves from fm rays and tagging data. Age (t)
for fish of any given size (L,) was estimated by
another reformulation of the von Bertalanffy equa-
tion (Kirkwood 1983):

t = to-log.,[(l-LIL,.,)/k]

The apparent average age was estimated \Vith pa-
rameters derived from tagging data. Apparent ages
were compared with corresponding average ages
for fish of the same length as based on fm ray data
growth curves. The apparent bias in the fm ray
aging method was expressed as the difference in
actual versus predicted age relative to the actual
age.

Results
Of the total of 1,704 Kootenai River white stur-

geon that were marked from 1977 through 2001
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TABLE I.-Extended.

Yearand Year
catch

variable 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 Total AverageIndividuals'
1977 0 0 1 0 0 0 1 0 1 0 8 0.3 6.3
1978 0 0 2 0 0 0 0 1 0 0 11 1.0 16.3
1979 0 0 0 0 0 0 0 0 0 0 3 0.7 15.8
1980 1 2 3 4 7 4 4 1 2 1 69 2.0 23.9
1981 1 0 7 2 2 1 2 2 2 1 36 1.2 14.7
1982 0 3 3 3 1 7 4 3 4 3 39 3.3 23.9
1983 0 1 1 1 0 0 0 0 0 0 3 1.7 30.0
1984 0 0 0 0 0 0 0 0 0 0 0 5.9 0.0
1985 0 0 0 0 0 0 0 0 0 0 0 6.3 0.0
1986 0 0 1 0 0 0 0 0 0 0 1 3.3 50.0

1 0 1 0 1 1 0 0 1 0 6 4.3 40.0
1987 0 0 0 0 0 0 0 0 0 0 0 7.7 0.0
1988 6 13 18 28 14 15 15 17 10 12 177 7.1 46.6
1989 7 6 8 11 9 12 10 5 6 10 87 7.9 45.0
1990 2 2 6 4 2 4 2 3 6 1 32 7.4 41.9
1991 1 3 4 3 1 1 3 3 1 20 5.1 31.8
1992 4 12 6 3 8 3 9 2 47 7.3 37.0
1993 11 12 2 13 7 10 6 61 6.6 32.3
1994 18 10 21 14 16 9 88 8.2 33.7
1995 7 8 8 10 7 40 7.6 24.8
1996
1997 7 2 5 5 19 7.9 25.0
1998 1 4 2 7 3.4 10.1
1999 2 4 6 7.7 12.8
2000 0 0 0.0 0.0
2001 0 0.0 0.0
Total 18 28 58 80 75 67 96 70 91 64 760 27.1
Total catch, 62 110 193 258 180 127 165 109 141 90 3,271
% Tagged 29 25 30 31 42 53 58 64 65 71 23
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Predicted growth increment
FIGURE 1.-Comparison of the growth increments of Kootenai River white sturgeon observed between tagging

and recapture with the average growth increments predicted by the length-at-age relationship derived fi'om fin ray
aging. The predicted increments were based on length at tagging and the number of years at large.

and at large for up to 23 years, we examined the
length and age records of the 760 that were re-
captured (Table 1). Some Kootenai River white
sturgeon were recaptured as much as six times each
during this period. Individual recaptures by year
of tagging were as great as 50010and averaged 27%.

The growth of the tagged fish (n = 737; 23
records were not usable) was substantially less
than the increments predicted by length-at-age re-
lationships derived fi'om fm ray ages (Figure 1).
Observed growth rates fell well below a 45° line,
indicating a discrepancy between observed and
predicted growth increments.

Growth rates of tagged fish averaged 2.76, 1.47,
and 0.57 cm per year for small, medium, and large
white sturgeon (Figure 2). In contrast, the annual
growth increments of the same size-classes pre-
dicted fi'om the fin ray age-at-length function were
3.8-4.9, 3.2-3.7, and 1.3-3.1 cm per year, re-
spectively. Differences between fm ray aging and
tagging estimates were reflected in plots of length
versus age (Figure 3) and of growth increment

versus fork length (Figure 4). Growth curves;md
annual growth increments were substantially less
for the mark-recapture method than for the fin ray
method.

Ages estimated fi'om fm rays were 30-60% less
than apparent ages fi'om tagging data, the size of
the estimated error increasing with age (Figure 5),
These errors correspond to apparent ages that were
1.5-2.0 times the ages estimated fi'om fm rays.

Discussion

Length-at-age functions such as that of von Ber-
talanffy infer growth rates fi'om age data. We in-
ferred age fi'om growth rate data and attributed all
differences between fin ray and tagged fish growth
to errors in fm ray aging. Age-specific lengths es-
timated fi'om fin rays cannot be achieved at the
growth increments observed for tagged fish. This
discrepancy suggests that ages assigned fi'om fin
rays are substantial underestimates for Kootenai
River sturgeon.
This approach assumed that the growth rates of
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FIGURE 2.-0bserved growth increments of tagged Kootenai River white sturgeon relative to years at large, by
length-class (circles =~115 em, open triangles = 166-160 ern, and gray triangles ~160 em).

Kootenai River white sturgeon did not change sub-
stantially over time. Length-at-age estimates re-
flect the growth conditions that preceded those rep-
resented. by tagging estimates. Aging bias would
be less than our estimates if recent growth rates
were less than historic rates. However, no temporal
changes in growth rate are apparent for length-at-

300

age data from fin rays (Young 2002), despite
changes in Kootenai River water temperature and
productivity associated with upstream reservoir
construction and control of industrial effluents

(Woods 1982; Knudson 1994; Snyder and Min-

shall 1995; Paragamian et at. 2001). Young (2092)
concluded that the complex series of biotic and
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Figure 4. - Average annual growth increment versus median fork length between tagging and recapture of
KootenaiRiver white sturgeoncollectedtTom1978to 2001. The correspondinglength-at-agerelationshipderived
fromfin ray samplesis includedfor comparison.

abiotic interactions associated with the decline of

Kootenai River white sturgeon has not been ex-
pressed in slower growth rates. In addition, C.
Spence (Rare and Threatened Fisheries Biologist,
British Columbia Ministry of Water, Land, and Air
Protection) examined the Fulton condition factor

FIGURE 5.-Relatiooshipbetween ages estimatedfium
fin rays and those fium tagging data, with the c0rre-
sponding age-specific errors (difference divided by 1Iue
age).

of Kootenai River white sturgeon, captured in
Kootenay Lake, during pre- and postfertilization
of Kootenay Lake and could find no difference
between the two periods.

Our approach to estimating aging error also as-
sumed no compounding effects of the different ap-
proaches used to derive length at age. Fin ray sam-
ples provide direct estimates of length at age. Fa-
bens' method describes individual growth based
on tagging data but does not explicitly predict av-
erage length at a given age (Sainsbury 1980; Fran-
cis 1995). Several authors caution that von Ber-
ta1anffy parameters generated from size-at-age
data have been given different interpretations tTom
those generated from tagging data because the
curves are being fitted by using very different re-
sidual error structures (Kirkwood 1983; Maller and
deBoer 1988; Francis 1995; Haddon 2001). The
estimation of Le tends to be biased upwards from
tagging data with a corresponding decrease in the
k parameter (Haddon 2001). However, our analysis
uses parameter estimates to describe growth in-
crements and does not explicitly compare growth
function parameters. Bias in indi vidual Laoand k
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is overcome by considering parameter estimates
jointly (Sainsbury 1980).

Apparently, aging problems of fm rays are not
unique to the Kootenai River white sturgeon pop-
ulation but may also occur in other white sturgeon
populations and" sturgeon species (Sokolov and
Akimova 1977; Sokolov and Malyutin 1978; Rien
and Beamesderfer 1994). Slow growth rates of this
isolated headwater population may magnify prob-
lems. Beamesderfer (1993) reported much poorer

-condition factors for Kootenai River white stur-
geon than for other populations in Idaho, Wash-
ington, Oregon, California, and British Columbia.
On the basis of fin ray length-at-age estimates,
Kootenai River white sturgeon average 110 cm FL
at age 20. In contrast, white sturgeon in lower
Columbia River populations average 120-140 cm
FL at age 20 (Beamesderfer et a1. 1995). Popu-
lation growth differences might account for the
discreparicy between Kootenai River white stur-
geon. where fin ray ages were underestimates, and
Sacramento-San Joaquin River white sturgeon,
where Brennan and CaiUet (1991) reported OTC
results consistent with annual banding.

Accurate assessments of status and population
dynamics are crucial for the preservation and re-
covery of Kootenai River white sturgeon. and er-
rors in population parameter estimation may have
serious implications. The aging bias of fin rays
translates into biases in other population param-
eters estimated from age. Kootenai River white
sturgeon live longer, suffer less annual mortality,
grow more slowly, and mature later than previ-
ously thought. The effects of these interacting
changes on population dynamics are complex. On
the one hand, fish live longer and mortality rates
may be less than previously thought. However,
growth is much slower and maturation probably
occurs at older ages.

Comparisons of growth rates estimated from an-
atomical structures and tagging data are an indirect
but useful method of validating age estimates
where fish of known ages are not available. This
approach differs from the conventional mark-
recapture age validation approach, which involves
comparison of ages from hard parts removed at
tagging and recapture or use of fluorochrome la-
bels such as OTC (Beamish and McFarlane 1983).
Other alternatives, including microelemental anal-
ysis, may not be appropriate for sturgeon because
of their unique cartilaginous physiology (Veinott
and Evans 1999). Although our use of a growth
inferential validation method identified the poten-
tial for significant biases in fin ray age estimates,

this conclusion should be corroborated with fur-
ther studies of fin ray aging for fish of known ages.
Collection of a second fm ray sample from marked
fish that were aged previously is one alternative
for the near term. An OTC marking program is
another alternative. Future collection of fin rays of
known-age hatchery fish released from the hatch-
ery as juveniles (Ireland et at. 2002b) and indi-
vidually marked with PIT tags will help resolve
aging questions over the long term.
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