
Migration and life history alternatives in a
high latitude species, the broad whitefish,
Coregonus nasus Pallas

Un resumen en español se incluye detrás del texto principal de este artı́culo.

Introduction

In environments with highly patchy resources in
time and space, such as the Arctic and Antarctic,
many species are migratory (Power 1997). The
evolution of migration can be interpreted in terms
of a balance between benefits and costs (Stearns
1992). Migration confers advantage for better
spawning habitat, better feeding opportunities,
and/or finding refuge from inclement conditions
(Myers 1949; Northcote 1978). However, a migra-
tory lifestyle has costs, such as energy expenditure
to migrate and additional mortality, especially in
juveniles (Gross 1987). Most important, the ener-
getic cost of migration must be expended by the
individual before the reward is gained. Life his-
tory traits or behaviours that reduce the cost of
migration will be advantageous in a migratory
species (Gross 1987).

Roff (1988, 1992) suggests that the relative
energetic cost of migration decreases with increas-
ing fish size (length). Larger conspecifics have
greater swimming endurance (Weihs and Webb
1983; Videler 1993). For example, in the Amer-
ican shad (Alosa sapidissima), smaller fish suffer
from a greater somatic tissue depletion and higher
post-migration mortality than larger fish (Glebe
and Leggett 1981). Because there is usually a
direct trade-off between growth and reproductive
effort, larger size at maturity must be achieved by
delaying the onset of first sexual maturation (Roff
1992). All surplus energy is then channelled into
growth. Even for indeterminate growers such as
fish, this principle applies, as the greatest growth
occurs before sexual maturity (Popov 1975). Con-
sequently, migratory populations will delay sex-
ual maturity by having a longer juvenile growth
period and consequently be larger at first repro-
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Abstract – We examined the expected changes in the life history
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conclusively linked to age-at-maturity or growth-rate differences.
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duction than non-migratory populations. As well,
to offset the loss in fitness due to delaying matur-
ity, the longer period of juvenile mortality, and
the higher rate of mortality associated with migra-
tion, migratory fish should have higher age-spe-
cific fecundity (Roff 1992). In contrast, non-
migratory fish do not have their reproductive
success so closely tied to maximizing adult size.
As a result, earlier age-at-maturity and smaller
size are selected (Williams 1966; Synder and Din-
gle 1990; Stearns 1992). Inter and intraspecific
comparisons in temperate zone species have
shown that migratory fishes are characterized
by larger size-at-age, delayed maturity and higher
fecundity compared to non-migratory fish
(between species: Hutchings and Morris 1985;
Roff 1988, 1992; within species: Gresswell &
Varley 1988; Taylor 1992; Blair et al. 1993;
Gresswell et al. 1994).

Many Arctic species have both non-migratory
and migratory populations apparently similar to
those observed in temperate fish (McPhail and

Lindsey 1970). For example, anadromous, pota-
modromous, and riverine populations of broad
whitefish, Coregonus nasus, and inconnu, Steno-
dus leucichthys, have been recorded in Siberia and
in the Yukon and Mackenzie rivers of North
America (Berg 1965; Reist and Bond 1988). How-
ever, even though many Arctic fish are character-
ized by 2 or more migratory ecotypes empirical
evidence is lacking that their vital rates conform
to the pattern above. Except for Arctic charr
(Tallman et al. 1996), there have been no studies
of the patterns of vital rates in migratory ecotypes
of Arctic species (Fig. 1).

In the Mackenzie River system, anadromous
populations of broad whitefish have been con-
firmed in the Arctic Red, Peel, and Mackenzie
rivers (Chang-Kue and Jessop 1997; Tallman and
Reist 1997). Potamodromous populations occur
in various large permanent lakes separated frozm
the Mackenzie River, such as Campbell, Travail-
lant, and Andre lakes (Chudobiak 1995). We
examine the life history characteristics of an

Fig. 1. The lower Mackenzie River, Arctic Red River, Travaillant Lake and major communities and physical features.
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anadromous population of broad whitefish from
Arctic Red River and compare them to those of a
potamodromous population from Travaillant
Lake. We predict that the Arctic Red River
population should mature later, have greater
size-at-age, and higher fecundity than the Tra-
vaillant Lake population. Chudobiak et al. (2002)
demonstrated that these populations are morpho-
logically distinct from each other. According to
Chudobiak (1995) the Travaillant population is
able to complete spawning, rearing, and over-
wintering within the Travaillant system while
the anadromous population spawns in the Arctic
Red River but uses the Mackenzie River delta for
over-wintering and lakes on the Tuktoyaktuk
Peninsula for rearing.

Materials and methods

StudyArea and Populations

The Arctic Red River is a major tributary of the
lower Mackenzie River (Fig. 1). It originates in
the Mackenzie Mountains, where it is a clear,
swiftly flowing mountain river, but becomes tur-
bid and more convoluted as it passes through the
lowlands. It enters the Mackenzie River near the
town of Tsiigehtchic, where it is slow moving and
turbid. Average discharge during 1992 and 1993
was 151.5m3 s�1, and surface water temperatures
ranged from 0.5 8C in winter to a maximum of
approximately 20 8C in late July (Environment
Canada 1993–1994).

Broad whitefish spawn in the Arctic Red River
at Weldon Creek, about 160 miles upriver from
the mouth (‘Gwich’in Dene traditional knowl-
edge; Tallman, unpublished data). The minimum
total distance that Arctic Red River anadromous
broad whitefish migrate from their over-wintering
grounds to spawning beds is 350–450 km. First-
time spawners, arriving from rearing grounds on
the Tuktoyaktuk Peninsula, migrate considerably
farther (Chang-Kue and Jessop 1997).

Travaillant Lake is a deep, almost perfectly
round lake about 10 km in diameter (Chudobiak
1995 and Fig. 1). The lake water is clear but
stained with tannins from the surrounding spruce
forest.

Broad whitefish from Travaillant Lake spawn
in two locations, in the outlet of Travaillant Lake
above Andre Lake to the south and in a major
inlet to Travaillant Lake, directly to the north
(Gabe Andre, Tsiigehtchic Gwich’in elder pers.
comm. and Chudobiak 1995). The Travaillant
Lake whitefish therefore migrate between 5 and
12 km to their spawning grounds.

Sampling

Sampling was conducted from the beginning of
June up to and including the first week of
December in 1993. To increase the sample size
for fecundity estimates a small number of addi-
tional females were obtained from Travaillant
Lake in 1996.

Floating gillnets used to sample were 25, 30 and
60m long, 6m deep and of five mesh-size patterns:
140mm stretch mesh (25m long); 102, 89 and
76mm (three panels� 10m long); 63.5, 51 and
38mm (three panels� 10m); 102, 89, 76, 63.5, 51
and 38 mm (6 panels� 10m); 114mm (25m).
Samples were taken from the littoral zones of
Travaillant and Andre lakes and from river
eddies of the Arctic Red and Travaillant rivers.
Sets were kept overnight and between 8 and 24 h
duration. Gillnets were set perpendicular to the
shoreline. When two gillnets were used, they were
set in a parallel direction to each other. The
second net was set one gillnet length further into
the river and at least 100m upstream relative to
the first net to reduce interference between the two
nets.

The following biological data and samples were
collected from individual fish for determination of
life history characteristics: fork length (�1 mm),
total weight (�1 g), gonad weight (�1 g), aging
structures (scales, pectoral fin rays, and otoliths),
sex and stage of maturity (Bond and Erickson
1985).

Ovaries of all mature females were preserved in
5% formalin for fecundity estimates. Ages of
broad whitefish were determined from two read-
ings of otoliths, prepared using the break-and-
burn method (Chilton and Beamish 1982). An
ageing comparison suggests that otoliths can be
read more accurately and require the less prepara-
tion time than fin rays or scales (J. Babaluk, and
R. Wastle, Freshwater Institute, pers. comm.).

To improve the data for the younger age groups
we used the Biological Intercept Model method
proposed by Campana (1990) to perform back-
calculations on otoliths of the anadromous popu-
lation. The Biological Intercept Model was sug-
gested by Campana (1990) as a method to
circumvent the effect observed where slower
growing fish have proportionately larger otoliths.
In this way, we were able to add 277 more samples
of fork length between the ages of 1 and 7. For
details and further assessment of the methodology
refer to Secor and Dean (1992).

Broad whitefish may not spawn annually, and
therefore, there is no simple criterion for identify-
ing age-at-maturity. We calculated the age-at-
maturity as the age at which the ratio of mature
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to nonmature individuals equalled 50% (Morin
et al. 1982). However, because the Arctic Red
River is used for spawning only, the juveniles were
poorly represented in our samples of the anadro-
mous population. By combining data from a
similar study in 1992 with the 1993 data we were
able to calculate age-at-maturity.

Fecundity was determined for 18 broad white-
fish from the Arctic Red River and 25 broad
whitefish from Travaillant Lake. The samples
were evenly distributed to cover more than
95% of the variation in adult length in each
population. Eggs were separated from the ovarian
connective material using Gilson’s Solution fol-
lowed by rinsing the ovaries under tap water and
then manually removing the tissue. Cleaned eggs
were placed on trays and air dried for a minimum
of 2 weeks (Healey 1978). For each fish, a sub-
sample of 1000 eggs was weighed to the nearest
0.001 g. Fecundity was calculated by dividing the
total weight of the eggs by the weight of the
subsample, then multiplying by 1000. Gonad
weight was taken to the nearest 0.01 g.

Statistical Analysis

Size-at-age plots for both populations indicated
that broad whitefish did not grow much after
sexual maturity. The residual plots from a pre-
liminary analysis of size-at-age for each popula-
tion by simple linear regression indicated that a
quadratic model would be more appropriate. As
well, rearing experiments showed that broad
whitefish were only a few (< 3mm) millimetres
at hatching. Thus, we used a quadratic model
without an intercept. To determine whether the
two populations differed in their growth patterns
we used dummy variable regression (Neter et al.
1983) to compare the quadratic functions for
each. The model was:

Yi ¼ b0 þ b1xi1 þ b2x
2
i1 þ b3Xi þ b4xi1Xi

þ b5x
2
i1X

2
i þ "i

where Xi is the age of fish i in years, X the
arithmetic mean of Xi, xi¼Xi�X ; Yi the
expected fork length of fish i in mm, Xi¼ 1, if
potamodromous population or 0 otherwise, b0¼0,
b1 the linear effect of age coefficient for the
anadromous population, b2 the quadratic effect
of age coefficient for the anadromous population,
b3¼ 0, b4 the additional effect of the potamodro-
mous population on the linear effect of age,
b5¼ the additional effect of the potamodromous
population on the quadratic effect of age coeffi-
cient, ei¼ the unknown true error in the regression

model. This is essentially analysis of covariance
(ANCOVA) in quadratic form. We expressed the
independent variable as a deviation from the
mean as a way of reducing the effect of multi-
collinearity (Neter et al. 1983).

We used the methodology of DeMaster (1978)
to obtain age-at-maturity for statistical compar-
isons between stocks. The average age of sexual
maturity was then calculated as:

X ¼
Xw
x¼0

ðxÞPðxÞ

where x is the age, X the average age of sexual
maturity, P(x) the estimated probability of first
ovulating at age x, and w is the maximum age in
the sample. The variance for X is

vðXÞ ¼
Xw
x¼0

f ðxÞð1 � f ðxÞÞ
nx � 1

þ w2f ðwÞð1 � f ðwÞÞ
nðwÞ � 1

The main assumption associated with this esti-
mate is that all of the f(x)’s are independent of
each other. This assumption was met because
individuals were collected and not returned to
the population (DeMaster 1978).

The 95% confidence interval can be approxi-
mated by

95%CI¼�1.96(v(X))1/2

where x is the age, and X is the average age in
years (Demaster 1978).

The choice to use parametric linear models to
describe and compare size-at-age among popula-
tions was based on a desire to compare these
groups using statistics with known probabilities
of type 2 error. A problem with this approach is
that it is difficult to attribute a biological signifi-
cance to the quadratic-age parameter. An alter-
native might be to use the Von-Bertalanffy
equation (see below) which has more statistical
problems due to correlated parameters but is
more easily understood by biologists.

The Von-Bertalanffy growth factor (VBGF) is
expressed as follows:

Lt¼L1(1 � exp(�K(t� t0)));

where t is the age, Lt the length at age, L1 the
asymptotic length, K the body growth coefficient,
and t0 is the theoretical age at which L is zero
(Ricker 1975).

Standard nonlinear optimization techniques of
curve fitting were used to estimate the coefficients
and their associated standard error (Cerrato 1990).

The nonlinear formulation of the VBGF means
that a general linear model could not be used for
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ANCOVA. Instead, an analysis of the residual sum
of squares (ARSS) was employed to compare
VBGF among the two populations (Rao 1986,
Chen et al. 1992).

Procedures for the ARSS were: (1) residual sum
of squares (RSS) and associated degree of free-
dom (d.f.) of the VBGF were calculated for each
sample (2) the resultant RSS and d.f. of each
sample were added to yield summed RSS and
d.f. (3) data of all samples were pooled to calculate
the RSS and d.f. of a total VBGF, and (4) the F-
statistic was calculated as:

F ¼
ðRSSp � RSSsÞ=ðd:f :Rssp

� d:f:Rsss
Þ

RSSs=d:f:Rsss

¼ ðRSSp � RSSsÞ=3ðK�1Þ
RSSs=ðN � 3KÞ

where: RSSp, RSS of each VBGF fitted by pooled
growth data; RSSs, sum of RSS of each VBGF
fitted to growth data for each sample; N, total
sample size, K, number of samples in the compar-
ison. To test whether there was a difference
between the samples, the calculated F-value was
compared with an F, with d.f.s of 3(K� 1)
(numerator) and N� 3K (denominator).

In addition, we calculated the Von Bertallanffy
parameters using weight instead of length so that
we could compare the populations using Pauly’s
(1979 in Moreau 1987) index of growth perfor-
mance. Pauly (1979) proposed the growth rate at
the inflection point of the weight growth curve
could be used as a standard for comparison of
growth performance of different fishes. In a
weight growth curve, the slope of the inflecion
point is given by:

dW

dt

� �
max

¼ 4

9

� �
� 10P; where

P ¼ log10K þ log10W1

Moreau (1987) argued that the growth curves of
different fishes cannot be directly compared
because the curves themselves are produced by
growth rates that are constantly changing with
time and size. The value of P is directly related to
(dW/dt)max and therefore can be used to compare
the growth performance of fishes with different
values of asymptotic size.

Simple linear regression equations relating
fecundity to length and to age and gonad weight
to total weight were determined using the PROC
GLM procedure in SAS. For each regression, a
goodness-of-fit test (R2) was calculated. For the
comparison between the populations of the rela-
tionship between gonad weight and body weight

we used the gonad weights of ‘ripe’ females only
(Bond and Erickson 1985) so as to avoid addi-
tional effects due to seasonal changes in gonad
weight. We used ANCOVA to compare the fecund-
ity at age and fecundity at length between the
populations.

Results

Growth appeared to be similar among the popu-
lations with little increase in size after age 6
(Fig. 2). The quadratic equation fitted for fork
length at age for the anadromous population was:
Fork length¼ 87.5� age� 3.40� age2 compared
to Fork length ¼70.1� age� 2.13� age2 for the
potamodromous population. Both equations
were highly significant (P< 0.001). The residual
plots suggested that the models were appropriate.

However, ANCOVA indicated that there was a
significant effect of population (anadromous or
potamodromous) in the relationship between
fork length and age (P¼ 0.001). The length-
and weight-based VBGFs were significantly dif-
ferent (P< 0.0001, anadromous: L1 ¼521.03,
t0¼� 0.8655, K¼ 0.26, N¼ 603; potamodro-
mous: L1¼ 501.36, t0¼ 0.220, K¼ 0.36, N¼
149; W1¼ 1981.02, t0¼ 2.010, K¼ 0.52, N¼
393; potamodromous: W1¼ 1939.71, t0¼ 1.629,
K¼ 0.27, N¼ 204) and the direction indicated
the maximum size (length or weight) was greater
in the anadromouspopulation.Aswell the index of
growth performance was greater in the anadro-
mous population (3.01, anadromous vs. 2.72,
potamodromous). We conclude that there was a
difference in growth pattern between anadromous
and potamodromous broad whitefish.

The higher coefficient of age of the anadromous
stock suggests that it grows more rapidly in the
early ages than the potamodromous stock. Con-
versely, the high negative coefficient with the
quadratic term suggests that in the later years

Fig. 2. Fork length (mm) plotted against age (years) for the
anadromous (Nþ 62) and potamodromous (N¼ 151) popula-
tion.
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of life, growth slows down more rapidly in the
anadromous population. Thus, the anadromous
population appears to invest heavily in growth
initially to attain a size that migrates efficiently.
Subsequent to the onset of sexual maturity,
energy attained by the anadromous type is
heavily invested in reproduction at the expense
of growth.

The length-based VBGFs are interesting
because the estimated maximum size, L1, shows
the anadromous population being about 4% lar-
ger than the potamodromous. The lower t0 of the
anadromous population along with the higher L1
suggests that the growth is more rapid than in the
potamodromous (Moreau 1987). Although the
lines would not be considered significantly differ-
ent the parameter values are consistent with the
results from the analysis using linear models.

The index of growth performance shows that
the anadromous stock was much higher than the
potamodromous, especially considering that it is
on a log scale. Broad whitefish fall in the same
range as average-sized commercial marine species
(Pauly 1979). The difference in P among these two
populations is as great as the maximum observed
within species (described by Pauly 1979).

Age-at-first-maturity for the anadromous
population was 5.67 years while the age-at-matur-
ity for potamodromous population was 5.00 years
using Morin et al.’s (1982) method. Using
DeMaster’s (1978) method the 95% CIs were
5.74–5.75 for the anadromous and 5.02–5.98 for
the potamodromous population. These values
overlap and, given the low representation of juve-
niles at the anadromous stock site, are probably
close to equal. However, the difference in the
means was in the direction predicted.

The youngest mature broad whitefish pre-
viously reported ranged from age 7–10 years
(Kogl 1972; DeGraaf and Machniak 1977; Bond
1982; Bond and Erickson 1985, 1993; Reist and
Bond 1988). All of the above estimates are reports
of the minimum age observed rather than the
estimated age when 50% of the population
becomes mature. Our estimates of age-at-matur-
ity for the anadromous population are consider-
ably lower than those reported for coastal surveys
of broad whitefish. To some extent this may be
explained in that our result is biased downward
because early maturing fish will migrate from the
coast to the spawning ground while juveniles
(immature fish) in the same age group generally
will not. This would mean that within the transi-
tional age groups adults would be disproportio-
nately represented in Arctic Red River collections.
In any case there is no indication from the litera-
ture that is contrary to our finding that the ana-

dromous population has a higher age-at-maturity
than the potamodromous.

Using the age-at-maturity estimate and the
quadratic growth functions for each population
we obtained values of 387 and 297mm length-at-
first-maturation for the anadromous and pota-
modromous stocks, respectively. Thus, the size-
at-first maturity appears to be about 30% greater
in the anadromous population.

Of 399 adult fish sampled during the months of
June to September from the Arctic Red River and
Mackenzie River downstream, 31 (8%) were ‘rest-
ing’ meaning they were not going to spawn in that
year. Only 25 of 273 fish (9%) sampled from
Travaillant, Andre and Campbell Lake popula-
tions were resting. The high incidence of repeat
year spawning (over 90%) could be due to a low
probability of post-spawning mortality. Several
lines of evidence suggest that post-spawning mor-
tality is relatively low. Chang-Kue and Jessop
(1997) using radio-telemetry found that all broad
whitefish that migrated to the spawning grounds
remained mobile well after the expected date of
spawning, generally completing a migration back
to the over-wintering grounds. Treble and Tall-
man (1997) estimated the instantaneous mortality
rate, Z, as 0.32 or an annual mortality from
fishing and natural causes of 27% in the broad
whitefish exploratory fishery. Their estimates of
fishing mortality varied from about 8–20% and
thus natural mortality from spawning, over-win-
tering, predation, parasites, disease and other
factors would be 7–19% per year. Simulations
by Thera (1998) also suggest that post-spawning
mortality would be between 5 and 10%. Finally,
the number of age groups in each population with
fish 20–30 years of age not uncommon suggests
that natural mortality factors are probably low.
Thus, broad whitefish appear to spawn quite
regularly and population and fecundity estimates
comparisons can be made without adjustment for
differences in spawning frequency.

Fecundity varied from 13 823 to 51 333 in the
potamodromous stock and 18 375–69 007 in the
anadromous stock. In each population fecundity
apparently declined with age (Fig. 3). However,
the simple liner regression of fecundity on age
was not significant in either case (anadromous:
P¼ 0.08, R2¼ 0.18; potamodromous: P¼ 0.97,
R2< 0.01). Fecundity increasedwith fork length in
the anadromous population (P¼ 0.0001, R2¼
0.58) but not in the potamodromous population
(P¼ 0.102, R2 ¼0.11) although there was some
appearance of a trend (Fig. 4). The equations
were: Fecundity (number of eggs) ¼� 297 985þ
710 Length (mm) for the anadromous population;
Fecundity (number of eggs) ¼�19 843þ 98.7
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Length (mm) for the potamodromous popu
lation

Residual plots indicated that the models were
appropriate.

The anadromous stock showed higher fecund-
ity at age and by length than the potamodromous
population (Figs 3 and 4) (ANCOVA, P< 0.001 in
both cases). When age and length effects were
considered simultaneously the effect of popula-
tion (P< 0.001) and length (P¼ 0.02) were sig-
nificant but age was not (P¼ 0.42).

The fecundity observed for the anadromous
stock (mean¼ 45 027 eggs, SD¼ 14 803) has a
similar range to other published values. DeGraaf
and Machniak (1977) recorded fecundity esti-
mates ranging from 26 922 to 65 798 eggs per
female with a mean of 39 721 eggs per female
for lower Mackenzie River stocks. Prasalov
(1989) recorded a range of about 26 000–81 000
eggs per female for anadromous stocks in the Ob
River, Siberia. Thera (1998), using Prasalov’s
data, found a significant relationship between
distance migrated and fecundity in anadromous
broad whitefish. Thera’s (1998) function predicted

that the mean fecundity of an anadromous stock
migrating the same distance as the one sampled
here should be 44 447 eggs per female.

Gonad weight was positively correlated with
round weight in both populations (Fig. 5). The
best fit equation for the relationship in the ana-
dromous population was:

gonadweight¼ � 4.1þ 0.198 � roundweight

The equation was highly significant and explained
75% of the variation in the data (P< 0.001; R2

¼0.75). For the potamodromous population the
best fit equation was:

gonadweight¼ � 64þ 0.199 � roundweight

The equation was also highly significant but only
explained about 50% of the variation in the data
(P¼ 0.001;R2 ¼0.48). ANCOVA with round weight
as covariate showed that the anadromous had a
higher reproductive investment per body weight
than the potamodromous (P¼ 0.008).

The age structure of the two populations dif-
fered in that the potamodromous population was
dominated by age 16 individuals (Fig. 6). Overall,

Fig. 3. Comparison of fecundity (eggs/female) at age (years)
among the anadromous and potamodromous population.

Fig. 4. Comparison of fecundity (eggs/female) at fork length
(mm) among the anadromous and potamodromous population.

Fig. 5. Comparison of gonad weight (g) against round weight (g)
between anadromous and potamodromous population.

Fig. 6. Age frequency of anadromous (Arctic Red River) (upper
panel) and potamodromous (Travaillant Lake) (lower panel)
populations.
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the potamodromous population had more juve-
niles in evidence but the maximum age was
similar.

Anadromous broad whitefish had significantly
higher fecundity and they invested a greater
amount of energy into the gonad, as we predicted.
As well, anadromous broad whitefish had a dif-
ferent growth pattern than potamodromous
broad whitefish and the parameter values were
in a direction expected from life history theory
(see below). Although by standard measures the
age at 50% maturity was greater in the anadro-
mous population, we were unable to demonstrate
conclusively that anadromous broad whitefish
mature significantly later than the potamodro-
mous broad whitefish. The longevity appeared
to be similar between the populations.

Discussion

Life history theory predicts that migratory fishes
should delay reproduction, be larger at first repro-
duction, and have higher fecundities than non-
migrants (Roff 1988, 1992; Synder and Dingle
1990). We tested this hypothesis by comparing
vital rates of anadromous and potamodromous
broad whitefish from the lower Mackenzie River
drainage. Fecundity of anadromous whitefish was
substantially higher than in the potamodromous.
There was a different pattern of growth between
the anadromous and potamodromous popula-
tions that followed predictions from theory. As
well, age-at-maturity pattern was in the expected
direction. The lack of statistically conclusive dif-
ferences in the age-at-maturity may reflect a con-
siderable amount of stabilizing selection acting on
the phenotypes of conspecifics. Divergence in life
history traits is probably somewhat constrained
within a ‘broad whitefish universe’ which would
not allow unlimited divergence in fitness-related
traits. In addition, separation has probably been
relatively recent in geological terms since the
entire area was under ice less than 10 000 years
ago (Pielou 1992, Powell 1994).

Life history comparisons of anadromous and
potamodromous fish have demonstrated a larger
size at age of maturity, delayed maturity, and a
higher fecundity in the migratory group (Gross
1987). The relationships of age and size at matur-
ity and migration are clear even at an intuitive
level – larger fish can migrate greater distances
more efficiently. However, the connection be-
tween migration and increased fecundity is not
as clear. It is well known in fish that absolute
fecundity is positively correlated with fish length
(Wooton 1990). If in this case, interpopulation
differences in fecundity were a function only of

length, then one might expect that in comparing
fish of the same size the anadromous population
might have lower fecundity due to migration’s
energetic demands. Clearly, this is not the case;
anadromous fish produced more eggs from
gonads that were a greater proportion of the body
weight suggesting that increased fecundity was
selected for in the anadromous population, inde-
pendent of size. In turn the large energy invest-
ment into reproduction could be responsible for
the greater reduction in growth in later life in the
anadromous population. The increased repro-
ductive effort does not appear to substantially
decrease lifespan although the maximum age of
anadromous fish was lower than that of the pota-
modromous population.

Initially, we proposed that the energetic costs of
adult migration would drive the life history to
include later maturity and, cascading from this
change, greater age-specific growth and fecundity.
While the pattern of differences bears this out,
differences in age-at-maturity and growth are not
statistically significant. In contrast, fecundity dif-
ferences are substantial. As an alternative to
Roff’s (1988) hypothesis of cascading effects on
the life history due to the migratory costs on the
adults, perhaps in this case the cost of migration is
felt mainly in reduced juvenile survival. Fecundity
has been substantially altered to offset this cost
while age-at-maturity and growth are affected to a
lesser degree. Such a conclusion would fit with
Chudobiak et al. (2002) who found that there was
little specific change among these two populations
in the external morphology normally associated
with long-distance swimming.

While the patterns of variation observed seem
to fit comfortably into a framework of life history
trade-offs there are some concerns with the
results. First, this study has a major limitation
in that it examines only two populations directly.
Therefore the confounding effect of the environ-
ment on the findings cannot be discounted with-
out replication of populations. Lobon-Cervia
et al. (1997) demonstrated that fecundity varia-
tions within species could be the result of site-
specific environmental factors. Slow-growing
brown trout, Salmo trutta, from low-food energy
sites spawned less and had fewer, larger eggs than
hose faster growing fish from high-food energy
sites. These results suggest an alternative possibi-
lity that the early slow growth of the potadro-
mous population might result in a correlated
response of lower fecundity. Recent laboratory
rearing experiments where the effect of the envir-
onment was made constant showed that early
growth is greater in the anadromous population
(Tallman 2002) but one must be guarded when
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making conclusions about other life history
traits.

Secondly, the differences between the potamo-
dromous and anadromous populations appear to
be more subtle than found between similar pairs
within temperate species such as sockeye salmon.
In particular, there is not as large a difference in
growth or age-at-maturity. Several factors may be
responsible. First, the theory may not be valid for
the Arctic. The Arctic has often been supposed to
impose unique constraints on the life history of
fishes (Johnson 1980). However, Arctic charr,
another Arctic species, has large differences
between potamodromous and anadromous popu-
lations along predicted lines (Tallman et al. 1996).
Iteroparity vs. semelparity is also ruled out as
charr and Atlantic salmon are iteroparous while
sockeye salmon is semelparous. Two other pos-
sibilities are more attractive. First, the coregonids
have a different ecological position from the more
salmon-like fishes where this occurs. Perhaps
minimum size and age-at-maturity constraints
prevent the development of a dwarfed potamo-
dromous population in whitefish without its
becoming another species altogether. Secondly,
divergence between the two types is at an earlier
phase than other groups. This could account for a
lesser degree of alteration. Thus, we would con-
clude that the principle investigated holds for high
latitude species as well as temperate ones.

Resumen

1. Examinamos los cambios esperados en las trayectorias
biológicas de una especie artica, Coregonus nasus entre dos
poblaciones de la región inferior del rio Mackenzie: una
población anadroma con migración reproductiva de 350–
450 km y una población potamodra con migración reducida
de unos 5–12 km. Basados en la teorı́a biológica predecimos
que la población anadroma tendrı́a mayor crecimiento,
mayor edad en la primera madurez y mayor inversión
reproductiva.
2. En los estadios iniciales de la vida, la población anadroma
tuvo mayor crecimiento que la potamodra pero posterior-
mente fue menor. Tanto la edad en la primera madurez como
la inversion reproductiva fueron mayores en la poblacion
anadroma. La fecunidad fue mayor en la poblacion migra-
toria pero no estuvo relacionada ni con la edad en la primera
madurez ni con diferencias en la tasas de crecimeinto. Con-
cluimos en que en la región templada, C. Nasus no sigue de
forma conclusiva el patrón de variación observado entre las
poblaciones migratorias y las relativamente sedentarias.
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