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Age Determination of Arctic Charr (Salvelinus alpinus)
from Surface and Cross Section of Otoliths Related

to Otolith Growth
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Abstract

Ages, determined from otolith rostrum by lateral view and from cross sections of burned otoliths of two
sympatric Arctic charr (Salvelinus alpinus) morphs from Bear Island (74°30'N), were compared. The cross
section method is recommended for old fish from stunted populations, especially if the otoliths are unclear.
In charr older than 10 years from the slow growing morph, otolith sections gave significantly higher ages
than the lateral otolith views. However, the underestimations of ages, using lateral views, were small com-
pared to other studies of Arctic freshwater fishes and marine fish species. The correspondence to fish length
growth is stronger for otolith rostrum growth than for growth in otolith thickness. Despite this, annual
rostrum growth seems to be higher than otolith thickness growth throughout the whole lifespan. There-
fore, allometric otolith growth is probably not the reason for higher cross sectional ages. A better uncovering
of the innermost zones by the cross section method and the better comrast obtained by this method is as-
sumed to be the explanation. The analysis indicate that age itself, by some endogenous biological rhythm,
affects otolith size. A direct linear relationship between otolith thickness and age opens the possibility of

age estimation based on otolith measurements.

Introduction

By use of cross sections of otoliths for age deter-
mination, as compared to age determined from
the otoliths external surface, significantly higher
ages for old individuals are obtained for many
fish species (Macer 1968, Blacker 1974, Power
1978, Beamish 1979 a, b, Chilton and Beamish
1982, Barber and McFarlane 1987, Beamish and
McFarlane 1987, Fujiwara and Flankin 1988).
This is explained by allometric otolith growth.
In old fish with a stagnant length growth, otolith
depositions occurs predominantly on the internal
surface (sulcus acusticus side). Therefore lateral
views will not reveal all growth zones.

Using otolith cross sections Power (1978) re-
corded ages close to 60 years in Arctic populations
of whitefish (Coregonus clupeaformis). Compar-
ing these results with those obtained from lateral
otolith views, Power documented underestima-
tions of age of up to 20 years in old fish. Fie hypo-

thesised that similar aging error might occur in
data from other Arctic populations of freshwater
fishes, and that this could have significant impact
on estimats of growth and mortality.

Arctic charr (S. alpinus) is the most abundant
species in the European Arctic. Age of Arctic
charr is usually determined by lateral views of the
otolith. By this method one might expect under-
estimations of age in Arctic populations of the
species, compared to age determined from cross
sections of otoliths. The aim of the present study
was to test this hypothesis and to examine how
otolith growth affects age determination.

Material and methods

In 1978 Arctic charr was captured by gillnets in
Lake Ellasjoen at Bear Island (74°30'N) between
Spitzbergen and Norway. Ellasjoen is a subpolar,



Age Determination ofArctic Charr (Salvelinus alpinus) 99

cold monomictic lake (Klemetsen at al. 1985).
Arctic charr is the only fish species present. The
charr is segregated into two morphs, in the fol-
lowing referred to as lower and upper mode charr.
The two morphs differ in growth rate, size and
age at maturity, longevity, spawning colouration,
morphology, number of gill rakers and pyloric
caecum, sex ratios and fecundity, but cannot be
seperated by frequencies of Est-2 alleles (Kle-
metsen et al. 1985). Generally, fork lengths were
<20 cm for ripe lower mode charr and >30 cm
for ripe upper mode charr.

Age determination

The whole material (n=1,312) was first aged
using a lateral view of the otoliths external sur-
face (Figs. | and 2). The otoliths were viewed
immersed in glycerol, on a black substratum,
using a binocuar microscope (magnification 6-
50 times) and reflected light. The otoliths were
clear, especially in young and upper mode charr,
and age was determined without any further
preparation.

The number of zones varied along different
axes in the surface. Usually, it was easiest to iden-
tify the zones along the rostrum (Figs. | and 2),
and in old fish the rostrum gave the highest age
(Kristoffersen 1982). This is in accordance with
the results of Nordeng (1961). Consequently, the
rostrum was used for age determination from
the lateral surface. These ages are later referred
to as lateral ages.

From lateral age-, length- and maturity dis-

DORSAL

SULCUS ACUSTICUS

Fig. 1. Sketch of charr otolith showing position of the sec-
tion and terminology used.

Fig. 2. Otolith of 17 year old upper mode charr. Lateral view
of external surface (above) and cross section.

tributions (Kristoffersen 1982), and the other
criteria which differ between the two morhps
(c.f. above), samples of lower mode charr and
upper mode charr were selected for more detailed
analysis of age and otolith growth. Separating the
two morphs was possible, however, only above
a minimum age (Kristoffersen 1982). For both
morphs, 10 fishes from each year class were se-
lected at random. If a year class contained less than
10 fishes, all fishes were included in the sample.

Totals of 102 lower mode charrs older than
5 years (lateral age) and 116 upper mode charrs
older than 9 years (lateral age) were aged from
otolith cross sections. Otolith rostrum length
and otolith thickness were measured in 84 lower
mode charrs and 130 upper mode charrs. The
discrepancy between numbers aged and numbers
measured in lower mode charr is due to damage
of some otoliths and in some cases to problems
connected with exact identificaton of the centre
and rostrum peak on the photographs (c.f. Mea-
surements). In upper mode charr these problems
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were less, and there was usually sufficient mate-
rial to supplement the sample if necessary. In
order to obtain as good data as possible for the
regression analysis, the upper mode charr sample
was extended with two more year classes (8 and
9) when doing the measurements.

Slightly modified, the technique of Power
(1978) and Christensen (1964) was used for age
determination from otolith cross section. The
otoliths were placed on a hot plate and burned
brown in 20-40 seconds. They were then dropped
into 96 % ethanol for about two minutes and
broken through the nucleus, along the dorso-
ventral axis (Figs. 1 and 2). The halves were sup-
ported in dark plasticine and studied as described
for whole otoliths.

The zones.were easiest to identify in the inter-
nal ventral part of the section (Figs. ! and 2), and
in old fish this part showed the highest age. This is
in accordance with the results of Beamish (19793)
for Pacific hake (Merluccius productus). Con-
sequently cross sectional ages were determined
from the internal ventral part.

Only distinct hyalin zones were interpreted as
annuli. Sometimes both lateral surface and cross
section showed some very narrow and less con-
tinuous hyalin bands. These were interpreted as
checks (not true annuli). Such interpretation of
zones by reference to certain master images is an
important part of age determination (Sych 1971,
1974). This gave a varying degree of uncertainty
in the age determinations (Kristoffersen 1982),
and also an amplitude of deviation in repeated
agings by the same method. Only when cross
sectional ages were significantly higher than lat-
eral ages, were the cross sectional ages preferred
in further analysis. The Wilcoxon signed-rank
test with correction for ties (Lehmann 1975) was
used to test for differences between the two aging
methods.

Precision in the age determinations was tested
by repeated aging by the same method. The within-
method agreement was reasonably good (Kristof-
fersen 1982). Even for the cross section method,
where the precision was lowest, agreement was
within +/-1 year for 84.1 % of the otoliths, and
there was no statistically significant difference
between repeated agings.

Measurements

The lateral surfaces of the otoliths were photo-
graphed through a binocular microscope by a
Wild MPS 20 Semiphotomat camera and polaroid
3,000 ASA black/white positive film. Magnifica-
tion was 23.2 times for lower mode charr otoliths
and 15.8 times for upper mode charr otoliths.
Otolith rostrum length (distance between centre
and rostrum peak) was measured on the pictures
to the nearest 0.1 mm. Thickness (maximum ex-
ternal-internal distance) was measured to the
nearest 0.01 mm directly on the otolith using a
micrometer (Fig. 1).

Measurement error was studied by making 10
independent measurements of otoliths of different
size. Relative error was of the same magnitude
for rostrum length and thickness, within the range
of 0.76-0.85 % (Kristoffersen 1982). The mea-
surements were, therefore, considered a reason-
ably good expression of biological variation.
Correlation and regression analysis follows the
methods of Sokal and Rohlf (1969).

Results
Age determination
Lower mode charr

In the sample of lower mode charr, ages varied
between 6 and 18 years according to the lateral
aging method, and between 5 and 24 years accord-
ing to the cross section aging method (Fig. 3). The
two methods gave the same results in 53.9 % of
the sample. The cross section method gave a
higher age for 37.3 % and a lower age for 8.8 %
of the fish. The cross sectional ages were signifi-
cantly higher than the lateral ages when the whole
group was tested (Vs=4.48, p<< 0.001). Ac-
cepting cross sectional ages as true ages for lower
mode charr (c.f. Material and methods, and Dis-
cussion), the frequency and size of deviations
increased with increasing age (Fig. 4). Charr
younger than 10 years did not show significantly
higher cross sectional ages (Vs=—0.38, p=0.648).
In the age group 10-13 years, and for charr older
than 13 years the cross section method gave sig-
nificantly higher age than the lateral method
(Vs=2.57, p=0.005 and Vs=4.28, p«0.001).
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Fig. 3. Comparison of lateral age and cross section age for lower (left) and upper mode charr.

Upper mode charr

In the sample of upper mode charr, ages varied
between 10 and 25 years according to the lateral
method, and between 9 and 28 years according
to the cross section method (Fig. 3). The two
methods gave identical results in 61.2 % of the
sample. The cross section method gave a higher
age for 16.4 % and a lower age for 22.4 % of the
fish. The cross sectional ages were not signifi-
cantly higher than the lateral ages when the whole
group was tested (Vs=-0.83, p=0.797). The de-
viations increased with increasing age (Figs. 3 and
4), but even for old upper mode charr (age groups
14-17 years and >17 years) the age differences
were not significant (Vs=0.17, p=0.433 and
Vs=-1.18, p=0.881). Neither did mature fish
(n=36) have significantly higher cross sectional
ages (Vs=0.00, p =0.500).

Otolith growth

The relationship of fish length to age was cur-
vilinear for both lower and upper mode charr.

However, In-transformation gave a linear relation-
ship for both morphs (Fig. 5). The two variables
were significantly correlated, and linear regres-
sion analysis (Table 1) and comparation of regres-
sion coefficients was possible. The coefficient of
regression was significantly higher for upper
mode charr than for lower mode charr (t=12.34,
P << 0.005).

The relationship of otolith rostrum length to
age was also curvilinear in both morphs, as was
fish length to age, and In-transformation gave a
linear relationship (Fig. 5, Table I).The coeffi-
cient of regression was significantly higher for
upper mode charr than for lower mode charr
(t=8.11, p << 0.005).

The relationship of otolith thickness to age
showed direct linearity for both morphs (Fig. 5,
Table 1). The coefficient of regression was signi-
ficantly higher for upper mode charr than for
lower mode charr (t=4.47, p <0.005).

Unlike otolith thickness, annual growth of
otolith rostrum obviously decreased in old charr,
as did annual fish length growth. Annual rostrum
growth was, nevertheless, higher than annual
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Fig. 4. Deviation in age determination from the lateral to the cross section method in different age groups of lower (left) and

upper mode charr.

growth in thickness throughout the whole life-
span. Estimation according to the equations of
regression (Table 1) gave similar annual growth
in thickness and rostrum at age 23.3 years for
lower mode charr and at a theoretical age of 42.9
years for upper mode charr.

There was a linear relationship between otolith
rostrum length and fish length, and between oto-
lith thickness and fish length (Fig. 6, Table 1).
Although rostrum length followed the fish length
growth pattern, the coefficient of regression for
the relationship between rostrum length and fish

length was significantly higher for lower mode
charr than for upper mode charr (t=2.79, p<0.05).
The relationship, otolith thickness/fish length,
showed even more distinct differences between
the two morphs. Corresponding test of size of re-
gression coefficients gave t=3.17 and p< 0.005.

Discussion

For upper mode charr there were no significant
differences between ages determined from cross
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Fig. 5. Relationship of fish length (fork length), otolith rostrum length and otolith thickness to age for lower (left) and upper
mode charr.-------- =regression line (c.f. Table 1).
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Table 1. Correlation and regression analysis of different relationships for lower mode charr (LMC)
and upper mode charr (UMC). Fl=fork length (cm, mm where *), Rl=otolith rostrum length
(mm), Th = otolith thickness (mm), In=natural logarithm, A =age (years), r=coefficient of corre-
lation, t=test size and p = propability of significance.

Correlation
Relationship Charr Regression line
morph r t P
Fork length/age LMC 0.63 9.25 «0.001 FI = 546 4 4.67InA
umcC 0.89 3047 «0.001 FI =--15.30 4-18.62 InA
Rostrum length/age LMC 0.58 8.14 «0.001 Rl = 0.7574 0.468 InA

uMC 0.88 28.61 «0.001 Rl = -0.3934 1.205 InA

Otolith thickness/age LMC 0.83 17.81 «0.001 Th= 0.5544 0.020 A
uMC 0.93 40.18 «0.001 Th= 0.5544 0.028 A

Rostrum length/ LMC 0.75 13.63 «0.001 Rl = 0.4984 0.0082 FI*
fork length umcC 0.86 25.85 «0.001 Rl = 0.8734 0.0056 FI*
Otolith thickness/ LMC 0.74 13.01 «0.001 Th= 0.3474 0.0026 FI*
fork length uMC 0.88 28.74 «0.001 Th= 0.3674 O=>8g
300;'
275, Lower mode charr Upper mode charr
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Fig. 6. Relationship of otolith rostrum length and otolith thickness to fish length (fork length) in lower (left) and upper mode
charr.-------- =regression line (c.f. Table 1).
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sections of otoliths and ages determined by lat-
eral otolith views. In contrast, the cross section
method gave significantly higher ages than the
lateral method for old lower mode charr. How-
ever, the underestimation of lateral age was small
compared to the aging error reported for Arctic
charr from Alaskan and Canadian waters (Barber
and McFarlane 1987), Arctic populations of white-
fish (C. clupeaformis) (Power 1978) and for some
marine species (Beamish 19794a, b, Chilton and
Beamish 1982, Beamish and McFarlane 1987, Fuji-
wara and Hankin 1988). The cross section method
should, nevertheless, be used for old fish in stunted
populations of Arctic charr, especially if the oto-
liths are unclear.

Power (1978) gives no information about which
part of the otolith he used for lateral age deter-
mination. Barber and McFarlane (1987) deter-
mined lateral otolith age of old Arctic charr from
what they misleadingly call “the otolith’s dorsal
surface”. Based on their figures, this corresponds
to the posterior otolith half (Fig. 1).

In our study, otolith rostrum was used for
lateral age determination. This is probably the
reason for the small discrepancy between lateral
and cross sectional age. Lateral aging from ros-
trum also minimizes the error in growth and
mortality rates, suggested by Power (1978) and
supported by Barber and McFarlane (1987).

A limited validation of the age determinations
was made possible due to a biological tag. In lat-
eral view of otoliths of growing fish of inter-
mediate age, an unusual narrow opaque zone ap-
peared with three hyalin zones, two “normal”
opaque zones and one not yet complete opaque
zone outside. This unusual narrow opaque zone
was probably deposited the summer 1975, when
the air temperatures at Bear Island were extremly
low (Kristoffersen 1982). Based on this assump-
tion, it was confirmed for most intermediate old
fish, that the outermost zones, interpreted as
annuli by the lateral method, were true annuli.
Corresponding validation of lateral age of old
fish was not possible. Nor was it possible to
identify the special features of the 1975 summer
zone in the otolith cross section.

In a lateral view of clear otoliths at least the
first 5-6 annuli could be identified along the

dorso-ventral axis, where the otoliths grow very
slowly. By gradually tilting broken otoliths, to
obtain latero-transverse views, it could be con-
firmed that the inner zones corresponded in lat-
eral surface and section. This correspondence was
seen both in burned and unburned otoliths, con-
firming that also the section shows an annual
formation of zones. The cross sectional ages can,
therefore, be accepted as true ages. For some
marine species the validity of cross sectional age
has also been proven by mark-recapture studies
(Beamish and Chilton 1982, Beamish et al. 1983,
Beamish and McFarlane 1987).

Cessation of otolith growth in length and height
(posterior - anterior and dorso - ventral axes in
Fig. 1) for old fish while the otolith continues to
grow in thickness, is the usual explanation for
higher age estimations from otolith cross sec-
tions as compared to lateral surface of otoliths
(Macer 1968, Blacker 1974, Power 1978, Beamish
1979 a, Chilton and Beamish 1982, Barber and
McFarlane 1987, Beamish and McFarlane 1987,
Fujiwara and Hankin 1988). In spite of this, it
does not appear to have been demonstrated that
annual otolith growth in old fish is greater in the
cross section than in the lateral dimension used
for age determination.

With a few exceptions, (Beamish 1979a, Boeh-
lert 1985, Fujiwara and Hankin 1988), age de-
terminations have not been accompanied by oto-
lith measurements. Often, the conclusion that
lateral otolith age is underestimated in old fish
because of the above mentioned allometric oto-
lith growth, is based merely on appearence of
zones in photographs of the otolith sections
(Macer 1968, Blacker 1974, Power 1978, Beamish
and McFarlane 1987, Barber and McFarlane 1987).
This is valid only if lateral ages are determined
along the dorso-ventral dimension (Fig. 1), re-
presented in the cross section photographs. How-
ever, in a lateral view, the zones are easiest to
identify along an otolith axis having rapid growth.
In most species, and obviously in salmomds, this
is not the dorso-ventral dimension.

Our study demonstrates that annual rostrum
growth was higher than annual growth in otolith
thickness throughout the whole lifespan for upper
mode charr. Annual growth in otolith thickness



106  Knut Kristofjersen arid Anders Klemetsen

could approach annual rostrum growth only in
the oldest lower mode charr. However, the mea-
surements of otolith thickness include growth in
two directions from the nucleus, and only depo-
sition on the internal surface (sulcus acusticus
side) affects cross sectional age. Although exter-
nal depositions are small (Fig. 2), the measure-
ments indicate that annual deposition on the in-
ternal surface is less than annual rostrum deposi-
tion also for old lower mode charr. Allometric
otolith growth does probably not, therefore, ex-
plain the higher cross sectional ages.

Clearness of the otoliths and uncertainty of the
age determinations was studied by Kristoffersen
(1982). It was the unclear otoliths, often with a
high degree of uncertainty when using the lateral
method, that had the highest discrepancy between
lateral and cross sectional ages. A better uncov-
ering of the innermost zones in unclear otoliths
when using the cross section method, and a bet-
ter contrast by this method, is probably the reason
for the higher cross sectional ages in lower mode
charr. The better contrast was especially useful
in the outer part of the otoliths of old mature
lower mode charr. In the lateral view a hyalin
tinge of this part of the otoliths made it difficult
to identify the zones. In upper mode charr, how-
ever, the otoliths were so clear that all zones were
identified also by the lateral method.

Uncoupling of somatic and otolith growth
rate occurs in fishes under certain circumstances
(Marshall and Parker 1982, Mosegaard 1986,
Mosegaard et al. 1988, Secor and Dean 1989,
Wright et al. 1990). Nevertheless, it is generally
accepted that fish length growth, or at least some
factor correlated to this, affects otolith growth.
The present study supports this, and also that
the strength of the correspondence to fish length
growth differs in different parts of the otolith.

The correspondence is stronger between otolith
rostrum growth and fish length growth than be-
tween otolith thickness growth and fish length
growth. However, even the rostrum lenght/fish
length relationship differs between two charr
morphs having different length growth. This may
reflect that the otolith size/fish size relationship
depend on fish growth rate and metabolic mod-
ifiers (Mosegaard 1986, Mosegaard et al. 1988,

Secor and Dean 1989, Wright et al. 1990). But it
may also indicate that age itself, by some endogen-
ous biological rhythm, affects otolith size, as is
earlier suggested based on studies of daily growth
zones in otoliths (Mugiya et al. 1981, Radtke and
Dean 1982, Campana and Nielson 1985, Secor and
Dean 1989). Attention is, therefore, nessessary
in back calculating fish length from otolith di-
mensions.

The age effect on otolith size seems strongest
for otolith thickness. The direct linear relation-
ship between otolith thickness and age is in ac-
cordence with the results of Fujiwara and Hankin
(1988) for sablefish [Anopolopoma fimbria). The
especially good fit of this relationship for upper
mode charr (Fig. 5, Table 1) also demonstrates
the posibility of age estimation based on otolith
measurements. Further work on aging, based on
measurements of otoliths and other hard struc-
tures, such as that of Boehlert (1985) using mul-
tiple regression models, may replace subjective
aging criteria (Sych 1971, 1974) by objective ones.
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Rheotactic Behaviour of two Stocks of Landlocked Arctic Char
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Abstract

The rheotactic behaviour of two-year-old Arctic char from Lakes Visjon and Hornavan was studied during
the period February-June in circular stream tanks with infrared photocells. During the first four months of
the experiment, upstream movements accounted for 50 % or less of the swimming activity of Lake Visjon
char, i.e. most of the swimming activity was directed downstream. In June, however, upstream movements
became dominant. The Hornavan char on the other hand, oriented their swimming downstream during
most of the experiment but particularly in June. A gradual increase in water temperature played an impor-
tant role in stimulating these rheotactic responses. Season had an effect on rheotactic behaviour, i.e. the fish
response to a rise in temperature increased between February and May. The results also indicated a stronger
rheotactic response to increasing temperature in fish fed reduced rations than in fish fed surplus rations.
The upstream movements in Lake Visjon char recorded in this laboratory study agree with field observations
indicating that this population undertakes upstream exploratory migrations during periods of increasing

water temperature in spring.

Introduction

The existence of distinct migration periods in
salmonids is well documented. Juveniles of ana-
dromous populations are known to undertake
seaward migrations during spring and early sum-
mer (reviews in Northcote 1978, Randall et al.
1987). Also freshwater dwelling salmonids leave
rearing areas for feeding in another habitat. Gray-
ling (Thymallus thymallus), brown trout (Salmo
trutta), rainbow trout (Oncorhynchus mykiss),
cutthroat trout (Oncorhynchus clarki), Arctic char
(Salvelinus alpinus) and brook char (Salvelinus
fontmalis), are known to shift between rearing
areas in streams and feeding habitats in lakes
(Gustafson 1949, Stuart 1957, Northcote 1962,
Raleigh and Chapman 1971, Johnson 1980, Power
1980).

As in anadromous salmonids, the migratory
pattern of freshwater salmonids may vary between
populations of the same species, even within the
same geographic area. For example, intraspecific
differences in migratory behaviour have been
documented between inlet and outlet spawning
populations of several salmonid species, with fry/

juveniles in the outlet stream inclined to swim
upstream and vice versa for those in the inlet
(Raleigh 1967, Raleigh and Chapman 1971, Bran-
non 1972, Kelso and Northcote 1981, Kaya 1989).
Thus, the migratory behaviour of such popula-
tions appears to reflect genetically and environ-
mentally influenced responses to water current
(Arnold 1974, Kelso et al. 1981, Kaya 1989).

Previous field studies have documented exten-
sive upstream migrations in the landlocked Arctic
char population of Lake Visjon, an oligotrophic
lake in northwest Sweden (Né&slund 1990, 1991).
The period of migration was restricted to about
two weeks in May-June in connection with spring
floods. Creeks with higher water temperature
were preferred over colder creeks. First time mi-
grants were two- or three-year-old juveniles with
lower condition factor than lake resident char of
the same age. Upstream migrations in juvenile
Arctic char during spring have been documented
previously (Craig and Poulin 1975, Johnson 1980),
in sharp contrast to the downstream migrations
normally observed in anadromous stocks during
this time of the year (cf. Johnson 1980).

The research reported here was designed to
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determine whether the migratory behaviour of
Lake Visjon char is also expressed under experi-
mental conditions in circular stream channel
tanks, in which case it could be considered geneti-
cally influenced. Effects of season, water tempera-
ture and food supply on the species’ migratory
behaviour were also tested. Furthermore, Lake
Visjon char were compared with a behaviourally
contrasting char population, the Hornavan char.
It is a landlocked stock that is known to behave
like anadromous char, i.e. change over to a nega-
tive rheotaxis during spring (Schmitz 1991).

Material and methods

Lake Visjon is a small (2 km2), shallow (max depth
3 m) lake situated in a subarctic area in the north-
west part of Sweden (see Naslund 1990 for de-
scription). Visjon char are insectivorous and
spawn in the lake during early September. Arctic
char eggs from 25 females were fertilized with
sperm from 8 males from Lake Visjon on 10 Sep-
tember 1985 and transported immediately to the
Fisheries Research Station at Kélarne (63°00'N,
16°05'E) in central Sweden.

Lake Hornavan is a large (about 500 kmz2), deep
(max depth 122 m) lake in north Sweden. Horn-
avan char are fast growing and become pisci-
vorous. Spawning takes place in the lake in Sep-
tember-October. Fertilized eggs from the Hor-
navan stock were collected from a brood stock
available at the Department of Aquaculture,
Swedish University of Agricultural Sciences.
These eggs represented second generation hatch-
ery stock.

After hatching in April 1986, the juveniles were
raised in ordinary rearing tanks (IxI m) under
ambient (Lake Ansjon, Kélarne) temperature con-
ditions. The fish were fed conventional dry pellet
food (EWOS) in surplus until December 1987.
At the start of the experiment, in January 1988,
two groups of each stock, each consisting of 70
individuals, were formed and placed in individual
tanks. The initial mean sizes of the Visjon char
(205 g and 25.8 cm) and the Flornavan char (237 g
and 24.9 cm) were about the same. One group of
each stock was fed surplus rations of dry food in

PRINTER

Figure 1. Circular stream tank with infrared photocells.

accordance with the manufacturers’ (EWOS) re-
commendation, while the other was fed reduced
rations of dry food, representing about 50 % of
the recommended ration.

Swimming direction was measured in circular
(1 m diameter) stream tanks (Fig. 1). The tanks
received a continuous flow of natural water (3 !
miml). E-heim pumps created a current of 0.5 m
s“l near the bottom in the narrow part of each
tank (Fig. 1). Fish passages were recorded by a
double set up of infrared photocells (Visolux).
Upstream and downstream movements were re-
gistered on separate channels on a time printer
(Elmeg), recording the numbers of passages per
hour (see Eriksson and Lundqvist 1982).

The experiment was run with representatives
of the four groups of fish (Visjon and Hornavan
fed surplus and reduced rations) from 1 February
to 30 June 1988 under natural light conditions.
Each month was divided into two experimental
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TEMP °C

Acclimation
Natural temperature
Increased temperature

MAR MAY

TIME OF YEAR

periods, consisting of 5 days of acclimation and
10 days of recording. Six fish were used in each
of four stream tanks (one tank for each group).
The fish were replaced at the start of each 15 day
period. During the first period (days 1-15) each
month, the experiment was run under natural
temperature conditions (Fig. 2). During the se-
cond period (days 16-30 of each month) the tem-
perature was gradually increased, a total of 4_5°C
after the 5 day acclimation period (Fig. 2). Due to
high natural temperatures, no artificial increase
in temperature could be arranged during the se-
cond period in June. In addition, because of a
photocell failure, observations during 16—30 June
on Flornavan char fed reduced rations could not
be completed.

Results

For Visjon char fed surplus rations and kept
under natural temperature conditions, a shift
over to predominantly upstream movements was
recorded in the first part of June (Fig. 3a). The
proportion of upstream movements during this

Figure 2. Temperature condi-
tions in the circular stream
tanks. Temperature was in-
creased during days 20-30 each
month, except inJune.

period was significantly higher than for the pre-
ceding months (p<0.05, Analysis of variance).
For fish kept under increasing temperature, a
similar shift was observed in May, again with sig-
nificantly more upstream movements than for
previous months (p<0.05, Analysis of variance).
For Hornavan char fed surplus rations the direc-
tion of the swimming activity under natural tem-
perature conditions was mainly oriented down-
stream, although it varied considerably (Fig. 3b).
The proportion of downstream movements was
significantly higher in the increased temperature
group than in the natural temperature group
during all months except February (p<0.05,
Analysis of variance).

Visjon char fed reduced rations mainly swam
downstream during the period February-May
under natural temperature conditions (Fig. 3c¢).
By contrast, in both experimental periods in June,
upstream movements were predominant and dif-
fered significantly from the preceding four months
(p<0.05, Analysis of variance). In low ration
Visjon char an artificial rise in temperature tended
to induce a shift towards upstream movements
as early as April.
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Figure 3. Swimming direction in Arctic char, February-June
1987, given as relative proportion of upstream passages
(mean+2 S.E. for 10 day periods), a - Visjon char, surplus
ration, b - Hornavan char, surplus ration, ¢ - Visjon char,
reduced ration, d - Hornavan char, reduced ration.

In Hornavan char fed reduced rations, upstream
movements accounted for 40-55 % of all passages
during the experiment (Fig. 3d). In contrast to
Lake Visjon char, low ration Hornavan char
tended to increase their proportion of down-
stream movements if kept under increasing tem-
perature (Fig. 3d). The difference between the
increased temperature and natural temperature
groups was significant during February, March
and May (p<0.05, Analysis of variance).
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Figure 4. Effects of temperature on swimming direction in
Visjon and Hornavan char, February-May 1987. Percentage
of passages directed upstream (mean for 10 days) during a
period of increasing temperature minus the corresponding
percentage (mean for 10 days) under natural temperature
conditions within the same month.

To illustrate the effects of a temperature in-
crease, the differences in swimming response be-
tween fish subjected to an artificial increase in
temperature and fish kept under a natural tem-
perture regime during the same month was cal-
culated (Fig. 4). Visjon char responded to an in-
crease in temperature by increasing their relative
proportion of upstream movements, whereas
Hornavan char responded in the opposite way.
With the exception of March for Visjon char and
April for Hornavan char, the respective response
was more pronounced in fish fed reduced rations
(Fig. 4). :

The differential effects of increasing the water
temperature are also reflected in the regression
analysis (Table 1 A). A significant positive corre-
lation between temperature and the percentage of
movements directed upstream was recorded for
Visjon char, whereas the correlation was signifi-
cant and negative for Hornavan char. With the
exception of Hornavan char fed surplus rations
(p=0.08), these correlations were also significant
for the separate experimental groups. The regres-
sion results also support the existence of a sea-
sonal trend in rheotactic behaviour (Table IB).
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Table 1. (A) Relation between temperature and percentage of
movements directed upstream on a daily basis for Visjon and
Hornavan Arctic char. Movements recorded under natural
temperature conditions (February-June) and increasing tem-
perature (February-May) for 10 days each month. Data
pooled for both experimental groups of respective stock.

(B) Relation between season (day number) and percentage of
movements directed upstream on a daily basis for Visjon and
Hornavan Arctic char. Movements recorded during periods
of increasing temperature during February-May for 10 days
each month. Data pooled for both experimental groups of
respective stock. r = coefficient of regression.

Visjon char Hornavan char

r p n r p n
A 0.42 <0.001 180 -0.23 0.01 180
B 0.42 <0.001 80 -0.24 0.03 80

The correlation between day number and percent-
age of movements directed upstream during pe-
riods of increasing temperature, is significant for
the two stocks. Again the association is positive
for Visjon char and negative for Hornavan char.
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Figure 5. Effects of temperature on the total swimming ac-
tivity of Visjon and Hornavan char, February-May 1987.
Total activity (mean for 10 days) during a period of increasing
temperature minus total activity (mean for 10 days) under
natural temperature conditions within the same month.

For the separate experimental groups, significance
is recorded only for Visjon char fed surplus ra-
tions.

Seasonal variation in total activity was relatively
low, with Hornavan char generally being more
active than Visjon char. Levels of total activity
per day were, with a few exceptions, higher for
periods with artificially increased temperatures
than for the corresponding periods with natural
temperatures (Fig. 5).

Discussion

The differences in rheotactic behaviour between
Visjon and Hornavan char revealed in this study,
may reflect genetic differences between these two
Acrctic char populations. No such differences have
yet been reported in landlocked Arctic char. How-
ever, for several other salmonid species, differ-
ences in the rheotactic behaviour between popu-
lations have been demonstrated (Raleigh and
Chapman 1971, Brannon 1972, Kelso and North-
cote 1981, Kaya 1989).

It is evident that two-year-old Lake Visjon char
clearly tended to favour upstream movements in
June. This may be genetically influenced and an
important part of the observed upstream migra-
tions in the tributaries of Lake Visjon (Naslund
1991). During spring and early summer, juvenile
char enter several creeks in an exploratory man-
ner (Naslund 1991). Hornavan char, on the other
hand, mainly swam downstream during this ex-
periment. Downstream oriented swimming be-
haviour in two-year-old Hornavan char during
spring and early summer has been documented
previously by Schmitz (1991). She noted that the
seasonal changes in seawater adaptability and
migratory behaviour coincided with those of
anadromous stocks, although Hornavan char
have been isolated from the sea for about 6,000
years.

It also appeared as though the responses in my
study were affected by the time of the year, i.e.
the rheotactic responses were stronger in spring
- early summer than during winter. Partly pre-
programmed annual cycles have been demon-
strated in growth potential for brown trout and
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Arctic char (Brown 1945, Jobling 1987) and for
smoltification in Atlantic salmon (Salmo salar)
(Eriksson and Lundqvist 1982). There are also
strong indications that certain aspects of the
migratory behaviour of salmonids are prepro-
grammed (Eriksson 1975, Eriksson 1988). Thus,
the changes in response during spring and early
summer observed in this study may reflect the
onset of a genetically determined period of explo-
ratory behaviour in these juvenile char. In the
field the upstream migration from Lake Visjon is
confined to a period of two to three weeks during
spring. It seems reasonable to assume that the
seasonal timing of such migrations is determined
by natural selection. Upstream migration during
spring floods may increase the probability of
gaining access to distant habitats. Moreover, it
should be advantageous for the migrant to arrive
and establish in the target habitat early in the
season.

The fact that an increase in water temperature
seemed to play an important role for the onset of
upstream movements in Visjon char is in agree-
ment with previous findings from Lake Visjon.
Water temperature both initiated and guided the
upstream migrations of juvenile char during
spring (Né&slund 1991). Emigration from Lake
Visjon generally took place when the lake water
temperature was lower than the temperature in
the inflowing creeks. Upstream migration started
at ambient creek temperatures as low as 2°C, but
migration normally peaked at 6-8°C. The up-
stream swimming response recorded as a result
of an artificially increased temperature in this
experiment may very well have been lower than
the potential response, since temperature was in-
creased only 4-5°C from very low levels and over
a relatively short period. The temperature increase
and time required to initiate upstream swimming
is not known for this population. But if a certain
temperature is required for upstream migration,
as reported for other salmonids (see Arnold 1974
for review), and if such a level had not been
reached in this study, the resulting rheotactic
response would probably have been weak.

Like char from Lake Visjon, Hornavan char
also responded to increasing temperature, but
by swimming downstream. Schmitz (1991) con-

cluded that temperature initiated the negative
rheotaxis observed in Hornavan char during
spring. Keenleyside and Hoar (1954) registered
a change from positive to negative rheotaxis in
coho salmon (Oncorhynchus kisutsch) when the
temperature was raised from 4-5°C to 13-14°C.
Similarly, temperature has been identified as an
important trigger of migratory behaviour in other
studies on salmonids (Northcote 1962, 1969, 1984,
Arnold 1974, Thorpe 1982, Smith 1985). In addi-
tion to initiating a rheotactic response, increasing
temperature also resulted in a generally elevated
level of activity in the experimental groups studied.

The results of this study also indicate that the
response to water current initiated by temperature
was somewhat stronger in fish fed reduced rations
than in fish with a surplus food supply. Taken
together, the results seem to be more consistent
for fish fed reduced rations than for fish fed
surplus rations. This is in agreement with the
observation that first time migrants leaving Lake
Visjon have a lower condition factor compared
with non migratory fish of the same size (N&s-
lund 1991). Food availability and condition are
likely to reflect a fish’s competitive ability, which
in turn may be an important factor influencing
migratory behaviour. Such a conclusion gain sup-
port in the literature. Slaney and Northcote (1974)
pointed out that feeding conditions and migratory
behaviour were related in young rainbow trout.
Likewise, Nordeng (1983) showed that the hum-
ber of migrants in an anadromous Arctic char
population decreased as food levels were in-
creased. Werner (1986) suggested that there is a
direct relationship between competition and
migration in fishes.
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