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Comparisons between northern Labrador Arctic charr and charr
from other regions are discussed with respect to movement patterns,
size, age and reproductive characteristics. Labrador charr migrated
to sea for the first time at smaller sizes (7.8-19.1 cm) but comparable
ages (3-7 years) with Arctic charr from other regions. Egg production
in Fraser River charr was intermediate between charr from eastern
and central Arctic regions, and those from the Western Arctic.
Female Fraser River charr were estimated to produce 245 eggs 100 g-l.
Commercially exploited Labrador Arctic charr populations were generally
smaller and younger than exploited charr stocks in the Northwest

Territories.
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Length-frequency distribution of Arctic charr landings
from the Tikkoatokak Bay commercial fishery, 1977-1980.
Number (N) refers to number sampled for length.

Length-frequency distribution of Arctic charr landings
from the Okak Bay commercial fishery, 1977-1980.
Number (N) refers to number sampled for length.

Length-frequency distribution of Arctic charr landings
from the 1977 commercial fishery and 1980 experimental
fishery in Hebron Fiord. Number (N) refers to

number sampled for length.

Summary of northern Labrador Arctic charr landings
and change in size composition by week, 1976-1980.

Comparison of mean length at age in four northern
Labrador Arctic charr populations.

Catch curves of Arctic charr age-frequency distribution
from various areas taken by commercial gillnets,
1977-1980. Hebron data 1980 only.

Catch curves of Arctic charr age-frequency distribution
from Hebron and Saglek research data, 1978-1980.
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Figure 15. Length-frequency distribution of Arctic charr landings
from the Okak Bay commercial fishery, 1977-1980.
Number (N) refers to number sampled for length.
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Figure 16. Length-frequency distribution of Arctic charr landings
from the 1977 commercial fishery and 1980 experimental
fishery in Hebron Fiord. Number (N) refers to
number sampled for length.
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is known from Fraser River data that charr do enter rivers as early
as the middle of July (Section 4.2.2.3.). The information, however,
does indicate that a high proportion of charr are alternate year

spa 1ers while some charr spawn in consecutive seasons.

4.3.6. Age and size at maturity

Mean age at maturity in male Arctic charr varied from 6.3 years
at partok Bay to 8.0 years at Hebron Fiord (Table 39). Corresponding
mean size at maturity similarly varied from 33.0 cm to 40.8 cm. No
pattern was evident in males for higher age at maturity in more
nor- erly areas.

There was a definite trend in females for older mean age at
sexual maturity with increase in latitude ranging from 7.9 years at
Tikkoatokak Bay to 10.2 years at Ramah Bay (Table 39). Mean age at
maturity in female charr from Okak Bay was 8.5 years and at Hebron
Fiord 9.6 years. In general size at maturity in females increased
with Tatitude, ranging from 42.0 cm at Okak Bay and Napartok Bay to
49.9 cm at Ramah Bay. However, in Tikkoatokak Bay which is located
sou of Okak Bay, female charr had a mean size at maturity of

46.3 cm.
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Figure 19. Catch curves of Arctic charr age-frequency distribution
from various areas taken by commercial gillnets,
1977-1980. Hebron data 1980 only.
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Estimates of current total mortality rate were calculated for
Arctic charr from Voisey Bay, Tikkoatokak Bay and Okak Bay using the
method of Paloheimo (Ricker 1975) where catch per unit effort at age
for at least two consecutive years are utilized. Total mortality
rates calculated in this manner for Voisey Bay, Tikkoatokak Bay and
Okak Bay Arctic charr were 0.79, 0.78 and 0.69 respectively (Tables 24,
25 and 26).

Additional total mortality rates were calculated for Hebron
Fiord and Saglek Fiord Arctic charr using research data combined for
years 1978-1980. Saglek Fiord has not been fished commercially
since 1969 while a limited fishery occurred in the Hebron Fiord
during 1977 and 1980 (Section 4.3.1.). Gillnets of varying mesh
size were used in research sampling theoretically allowing for the
sample to be more representative of the marine population. Mortality
estimates derived from catch curves (Fig. 20) were 0.28 and 0.29 for
8-18 year old Hebron Fiord and Saglek Fiord charr respectively
(Table 41). Owing to the lack of commercial fishing in both areas,
these estimates, therefore, approximate values expected in virgin
populations where mortality results from a variety of natural causes.

Tag recapture information for Fraser River Arctic charr was
used to derive estimates of survival and exploitation rates on this
stock. Table 42 lists tag recaptures of Fraser River charr from the
first (R;) to sixth (Rg) year after tagging. Tag returns to the
Fraser River counting fence have been omitted from this table. An
estimate of exploitation on Fraser River Arctic charr in the first
year following upstream migration was calculated from recaptures in

the first year after tagging by:
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and found to equal 0.026. Estimation of annual survival based on
two successive years of recaptures in marine areas may be inaccurate
owing to variability in magnitude of the sea-going component of the
total stock.
Three estimates were available for within season exploitation
on Tikkoatokak Bay Arctic charr. During 1979 p = 24/72 = 0.33.
Second and third year exploitation on these fish was 0.21 and 0.08.
After three years, therefore, in excess of 50% of the Tikkoatokak Bay
charr were captured. In 1980 only nine charr were tagged during the
spring, however, six were recaptured later that season giving p = 0.67.
Finally during 1981 y = 11/25 = 0.44. The weighted mean within
season exploitation for the three years was 0.39 (95% C.L. = 0.28-0.52).
It is interesting to note that the within season exploitation
on Nain Bay charr was virtually identical over two years (p = 0.21
and y = 0.23). In addition, the second year exploitation calculated
on Nain Bay fish of 0.16 was relatively similar to the exploitation
on Fraser River charr in the first year following their upstream

migration (p= 0.12).
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between several groups is acceptable if Klecka (1975), Lachenbruch
(1975) and Pimental (1979) are correct in stating that the discriminant
analysis technique is robust enough to disregard the assumption of
homogeneity of within-group covariance matrices as long as deparcures
are not "too" severe.

Differences in growth rate, age at maturity and distribution
pattern corroborated the morphological analyses and support the view
that there are discrete charr stocks within this Timited section of
the Labrador coast. While significant differences in meristic
characters were not found in Voisey Bay and Tikkoatokak Bay charr,
growth differences and tag recapture patterns clearly illustrated
the separation of these two populations. Growth comparisons between
Voisey Bay and Anaktalik Bay charr yielded no significant differences,
however, tag recaptures during the next several years will clarify
the position of these two areas as well as indicate the relative
contributions of charr from the inner bays to the offshore regions
of Dog Island and Black Island. Presently tag recapture data indicate
that the fishery in the latter two areas exploits a composite of
stocks from the inner bays of the Nain area but not of stocks originating
from the Okak and Hebron regions. Several small rivers on these
offshore islands produce Arctic charr (Brice-Bennett 1977) and
likely contribute to the commercial charr fishery in the immediate
areas.

Grainger (1953) reported that charr from Sylvia Grinnell River,
Frobisher Bay, have a tendency to remain close to their home river.
Moore (1975b), on the basis of length-frequency data, suggested that

there was 1ittle intermingling of charr from different rivers in
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Cumberland Sound, Baffin Island. Glova and McCart (1978) stated
that Arctic charr in the Nachvak F »rd, Labrador, were most abundant
within 25-30 km of Nachvak and Pal :r Rivers while few charr were
captured at the fiord mouth. Tagg 31g studies in Greenland

(Nielsen 1961a) and western Hudson Bay (Sprules 1952) similarly
suggested Arctic charr migrations re localized, however, Jensen
and Berg (1977), Johnson (1980) an McCart (1980) have found that in
some areas Arctic charr marine mig 1tions may be extensive. The
present study suggests that minimal interchange occurs between

inner bays and that although envir mental conditions can influence
annual distribution patterns, the | vements are primarily directed
into offshore feeding areas. Migration patterns are likely related
to resource availability. Yessipov (1935) reported that charr in
Novaya Zemlya, USSR, generally remain in the bays and gulfs along
the coast and suggested that this v s largely due to the abundance
of small benthic and pelagic fish = these areas. Considering the
intensity and distribution of the commercial Arctic charr and Atlantic

salmon (Salmo salar) fishery along he Labrador coast north of the

Hamilton Inlet (Dempson 1978), it is likely that if charr were
undertaking extensive coastal migrations then during the past four
years some tag recaptures from distant areas would have occurred.
Recaptures of tagged Fraser River charr in the same system over
several years (Table 4) indicated that some adult charr return to
their previous overwintering stream. Evidence of homing has been
observed in several Arctic charr populations (Alm 1951; Nielsen 1961a;

Johnson 1980; McBride 1980; McCart 380) and additional experiments
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Growth rate of adult Fraser River Arctic charr was relativelv
slow in comparison with other North American anadromous charr populations
(Table 43). Of the areas listed in Table 43 only charr from Nachvak Fiord,
Labrador, Sylvia Grinnell River and Nettlling Lake, Baffin Island
grew slower. However, the population of the Tatter area was likely
composed of both resident and anadromous charr (Thompson 1957).
Within Labrador there was a noticeable trend for increased mean age
of charr but decreased growth rate with increase in latitude (Tables 20-23
and 43). The trend continued into Baffin Island although charr from
Leaf River (Lee 1969) and George River (Le Jeune 1967), Ungava Bay,
and charr from western Hudson Bay (Sprules 1952) deviated from this
pattern (Table 43). Charr from the latter area, however, were aged
by scales and since several authors have shown scales to be unreliable
for determining the age of charr (Slastnikov 1935; Nordeng 1961;
Dalene 1973; Gullestad 1974) these growth data may be questionable.
Juvenile Fraser River charr, age 0-4, also grew comparatively
slower than both resident and anadromous juveniles from various
populations in the western Arctic (Bain 1975; McCart 1980), Leaf River,
Ungava (Lee 1969), and Tree River, Northwest Territories (Falk and
Dahlke 1979). Only juvenile charr from Sylvia Grinnell River,
Frobisher Bay (Grainger 1953) and Kigdlut-iluat River, West Greenland
(Nielsen 1961b) grew slower than Fraser River charr. This slow rate
of growth during the freshwater phase of the 1ife cycle may reflect
a lower productivity in the Fraser River system which results in
juveniles migrating to sea at smaller sizes but comparable ages with

other populations (Table 44).












149

the western Arctic. Fraser River charr produced 245 eggs 100 g_l
while charr from Ungava Bay, Frobisher Bay and Nauyuk Lake, Kent
Peninsula produced 27-43% fewer eggs (Table 44). 1In contrast the
western forms of Arctic charr had the highest values with 335 eggs
100 g ! produced in charr from Sagavanirktok River, Alaska (Table 44)
and 368 egg 100 g ! in charr from the Firth River, Yukon Territory
(Glova and McCart 1974). Webb Bay and Saglek Fiord charr were
virtua11y identical to Fraser River charr producing 252 and 256

eggs 100 g_1 respectively (Appendix 15).

Although egg production per unit body weight in Labrador charr
was consistent between areas sampled in 1976, annual variations can
occur in population fecundity. VYearly differences in sex ratios and
spawning stock composition as well as nutritional state and condition
of the fish are known to affect population fecundity (Bagenal 1973).
In anadromous charr populations, adult females are generally more
abundant than males (Johnson 1980; McCart 1980) and this was observed
in Labrador populations although few significant differences from a
1:1 in sex ratio occurred.

Certain characteristics of upstream migrant charr were similar
throughout other regions. The tendency for larger fish to enter the
river first, occasionally with females predominating, has been
observed in eastern and western Arctic areas (Grainger 1953; Lee 1969;
Peet 1971; Sekerak et al. 1976; McCart 1980). Peak upstream movement
coinciding with spring tide conditions was observed in the Fraser
River population during 1975 (Coady and Best 1976) and in the other
years of investigations. This phenomemon has also been noticed in

the eastern Arctic (Grainger 1953), Ungava (Lee 1969), and southern
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Catch statistics (Table 18) have shown that exploitation is
effectively removing larger charr (those over 2.3 kg gutted head-on
weight) from the population in Voisey Bay, Tikkoatokak Bay and
Okak Bay. Stock size of the adult populations have undoubtedly
decreased considering that in excess of 92,000 charr were caught in
Tikkoatokak Bay from 1977-1980, and more than 40,000 and 54,000 were
caught during the same period in Voisey Bay and Okak Bay respectively.
In general the average catch of charr from Voisey Bay and Tikkoatokak
Bay has increased by 63% and 66% respectively in the period 1978-1980
compared to 1974-1977. In Okak Bay landings averaged 30% more
during the former period. Although exploitation has been high in
the Nain-Tikkoatokak area, both Voisey Bay and Tikkoatokak Bay
stocks have maintained approximately the same mean lengths since
1974. Similarly the Fraser River population which was monitored by
a nonselective counting fence, has had the same general length
distribution with mean length varying by less than 1.5 cm from 1975
to 1979. Johnson (1980; pers. comm. 1981) has observed the same
phenomenon in Nauyuk Lake Arctic charr where stock size and numbers
of Targer fish have decreased yet the adult migratory population has
maintained virtually the same mean length.

Johnson (1976) hypothesized that a feedback mechanism is responsible
“or controlling recruitment of juvenile charr into the adult population.
According to this hypothesis adults in unexploited systems suppress
the juvenile population allowing only enough recruitment into the
adult phase to compensate for losses due to mortality. Exploitation
of the adult stock creates increased opportunities for juveniles to

enter the adult phase through a period of rapid growth, consequently
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charr weighed 1.44 kg in 1974 (gutted head-on weight). In 1979 a
50 cm fish was 1.29 kg and in 1980 only 1.17 kg. Similarly the mean
weight of a 60 cm fish was 2.44 kg in 1974 but only 2.21 kg and
2.13 kg in 1979 and 1980 respectively. Similar changes have also
occurred in Voisey Bay Arctic charr. It appears that an increased
rate of growth in length is occurring at the expense of an increase
in body weight resulting in a general decrease in the condition of
fish. This could also result from earlier maturity whereby after
obtaining a minimal size, energy is diverted into reproductive
products as opposed to increasing body weight.

At least eight different year-classes annually contribute to
the spawning stock of charr in the Nain area although with varying
magnitude. In addition, variations in growth rate and age at migration
result in recruitment occurring over a number of different ages.
Juvenile stock levels have been built up over previous years, when
exploitation was low (mid 1960's - early 1970's), to maintain the
fishery at its current high level of exploitation. However, it
remains to be seen how long 15,000-25,000 Arctic charr can be removed
annually from the adult stock in one area before the surplus of
pre-recruitment juveniles is depleted and recruitment overfishing
occurs. It is doubtful that variations in catch per unit effort
will adequately reflect changes in stock abundance due to the frequent
spatial concentration of adult charr at sea. Fish will continue to
encounter gear and be captured until stock size is drastically
reduced. It is imperative, therefore, in areas such as northern
Labrador where a concentration of fishing is occurring on individual

Arctic charr stocks that populations are continually monitored, and
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Few estimates have been made of natural mortality in Arctic
charr populations (Johnson 1980). Moore (1975b) estimated nat ral
mortality in anadromous charr from Cumberland Sound, Baffin Island
to be 16%. Hunter (1976) reported a value of 14% for charr in
Sylvia Grinnell River, Frobisher Bay, and Nordeng (1961) estim ed
natural mortality in anadromous charr in Norway also to equal %.
In comparison of upstream and downstream migrants in Nauyuk La
between 1975 and 1977, Johnson (1980) reported a loss of 12.5%. On
the basis of 84% tag recapture in seaward migrant mid-sized ch 'r
(30.0-50.0 cm) he concluded mortality was minimal. Total annual
mortality (A) calculated from research sampling of charr from bro
and Saglek fiords yielded values of 24% and 25% respectively ( es
8-18). Although these stocks have been virtually unexploited since
1969, mortality estimates would still be influenced by earlier
exploitation.

Many questions remain to be answered concerning the dynam s of
Arctic charr populations. Short term studies while useful for
certain aspects can only provide limited information regarding he
dynamics of individual stocks. The relative consistency in age and
size structure in heavily exploited populations creates manager nt
problems when trying to identify definite signs of stress in tI se
populations. Arctic charr are a relatively long lived species
although in exploited Labrador stocks the commercial fishery is
concentrated heavily on three or four age groups. Changes in : «x
ratio, maturation frequency, fecundity and additional characteristics
by which other species are known to regpond to exploitation are

currently unknown or speculative. In several Arctic areas adu s
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generally remain in freshwater during the year in which they will
spawn. While there is some evidence to suggest this occurs in
Labrador stocks, the degree to which this happens is unknown and
likely varies between areas and years. As Johnson (1980) has pointed
out recruitment is one of the most difficult factors to estimate n
anadromous charr populations. It is known that recruitment into the
fishery takes place over a number of years. Similarly recruitment

of new individuals into the population occurs as a result of a large
number of year-classes contributing to the annual spawning stock.
Therefore, populations are buffered to some extent from disturbances
that will severely impair any one year-class (McCart 1980). However,
as McCart (1980) stated, disturbances that affect a wide range of
year-classes, such as heavy fishing, are more detrimental. Geographically
isolated charr stocks cannot withstand long periods of intense
exploitation (Bigelow 1963). Just how long populations subjected to
heavy exploitation can maintain stable length distributions is
unknown. Northern Labrador is one area where both heavily exploited
and unexploited populations can be studied. Only by continued
monitoring and assessment will a full understanding develop on the
biological characteristics of these populations and their responses

to exploitation.
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6. SUMMARY

Biological and morphological studies on northern Labrador

Arctic charr (Salvelinus alpinus) indicated that a number of

discrete stocks exist along a limited section of the northern
Labrador coast. Movement patterns as derived from tag recaptures,
suggested that charr remain within the same general area with

only a minimal interchange between inner bays and fiords.

Biological investigations on Fraser River Arctic charr concentrated
on age, growth, migration and reproductive characteristics.

Growth rate was relatively slow and adult charr were comparatively
smalier at age than other North American anadromous charr
populations. Age at first seaward migration ranged from 3 to 7
years. Adult upstream migration began in mid-July with peak

runs occurring in August. Larger charr enter the river first

with a progressive decline in mean length throughout the duration
of the run. Spawning occurred in October and fecundity was

estimated to be 245 eggs 100 g !.

Commercial production of Labrador Arctic charr has exceeded
200 t y ! since 1977. Catch statistics and biological characteristics
have been available from individual commercial fishing areas

since 1974 and 1977 respectively.

Mean age of charr caught in the commercial fishery increased

with latitude from 8.6 years in Voisey Bay to 10.0 years at
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Okak Bay and 11.2 years in the relatively unexploited Hebronr
Fiord. Voisey Bay charr had the fastest rate of growth while

Okak Bay charr had the slowest.

Exploitation has reduced the proportion of larger charr (charr
greater than 2.3 kg gutted head-on weight) in the commercial
catches. However, mean length of catches has remained relatively
constant in several areas despite large removals by the commercial

fishery.

Estimates of total mortality varied from 0.48 for Okak Bay
Arctic charr to 0.83 in the heavily exploited Tikkoatokak Bay
stock. The latter area has had in excess of 200 t of charr
removed by the commercial fishery since 1976. Total mortality
in the unexploited Hebron and Saglek populations was 0.28 and

0.29 respectively.
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Appendix 11. Length-frequency distribution by mesh size of Napartok
Bay Arctic charr, 1978-1980.
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Appendix 12. Length-frequency distribution by mesh size of Hebron
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Appenidx 13. Length-frequency distribution by mesh size of Saglek
Fiord Arctic charr, 1978-1980.
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Appendix 14. Length-frequency distribution by mesh size of Ramah
Bay Arctic charr, 1978.


















