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Migration in fish species is thought to have evolved due to a mis-match in the habitat suitability for winter refugia, feeding or spawning (Northcote, 1992).  Benefits of adopting a migratory life history must outweigh the trade-offs associated with the behaviour.  Advantages to migration include increased food resources which lead to increased growth potential, increased survivorship, decreased predation, and decreased physiological stress upon reaching a large size.  Increased growth will accommodate an increase in body size, and thus an increase in fecundity.  A delay in maturation may evolve to facilitate energy allocation to growth instead of reproduction and further enhance an increase in body size. Tradeoffs to migration include an increased risk of mortality before reproducing and increased risk of disease and parasitism.  The selection of life history traits will evolve to optimise energetic efficiency and reproduction while sustaining life in an organism’s environment.  Organisms will migrate when resources gained in the new environment will provide a significant increase to the organism’s fitness (an increase in lifetime reproductive output).  

Within the salmonid family anadromous (migratory) and residual (lake) forms of the same species co-exist within the same open freshwater system (Tallman et. al, 1996).  Thorpe (1999) suggested that high-energy lifestyles and low energy lifestyles cause individuals to choose alternative life histories to optimise fitness.  A threshold lipid reserve is needed to initiate maturation within fish and a threshold size must be attained to initiate smoltification.   Juveniles with high metabolic rates will attain smolt size before they are able to attain the lipid threshold required for reproduction and thus adopt an andromous (high-energy) lifestyle.  Juveniles with low metabolic rates are able to satisfy their energetic requirements within a freshwater habitat and will attain the lipid threshold necessary for reproduction.  These individuals will mature before they reach smolt size and therefore adopt a resident lifestyle (low-energy lifestyle).

Due to energy constraints within the Arctic ecosystem and environmental uncertainty, Arctic charr have evolved great phenotypic plasticity, enabling them to adopt multiple life.  Charr can exist as multiple resident forms, migrants or both within one lake system.  In Norway, for example, four different forms (three varying resident and one anadromous) have been found to co-exist in one lake system (Tallman et al. 1996).

Reproductive events and over-wintering costs are extremely high for individual fish.  For example, Atlantic salmon decrease lipid stores by approximately 50 %, Pacific salmon by approximately 80% in a single reproductive event, and anadromous  Arctic charr use approximately 30 % of their energy reserves to overwinter (Thorpe, 1999). Physiological changes to accommodate maturation are thought to occur one year prior to the actual spawning event (Metcalfe, 1998).  At critical periods such as post-spawning (fall) and post over-wintering (spring), gonad development can be arrested through hormonal controls if the lipid threshold is not met (Metcalfe, 1998).

Various stocks of Arctic charr in the northern Canada have resident populations (eg. Figure 1).

Anadromous Arctic charr must return to freshwater to overwinter and reproduce seasonally.  Due to the Arctic climate, migratory charr only feed approximately 50 days at sea.  Reproduction and overwintering are large energetically depleting events that each charr must endure for survival.  Since fish that go to sea have increased metabolic rates, large lipid reserves may become depleted over the winter when food resources are not available.  Anadromous fish are also known to have a three fold increase in fecundity in comparison to resident counterparts (Roff, 1988).  Thus, searun charr will incur higher lipid depletion during spawning events.   Resident fish on the other hand are thought to have low metabolic rates and thus may not expend large amounts of energy for maintenance over the winter.  Since resident individuals invest less into reproductive events, lipid depletion may only be minimal.
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Figure 1. Length frequencies of mature charr in some Baffin Island.  Note the presence of resident charr in the Iqalugaarjuit system.

Table 1.  Trade-offs in fitness-related traits for anadromous and resident Arctic charr.

 Fitness Related Trait
Anadromous
Resident

Metabolic Rate
High
Low

Fecundity
3 * greater
Low

Growth/Size
Increase/large size
Decrease/small size

Age at maturity
Delayed (8-10 years)
3-4 years

Resting Period
3-10 years ??
0 years ??

Maintenance Costs (Overwintering)
High
Low

Model For Balancing Fitness

The trade-offs required for  anadromous life-style compared to a resident one are shown in table 1.  While anadromous char must gain in growth and fecundity they lose in the recovery from winter conditions and subsequently in spawning frequency.  As well, resident charr are less likely to have sudden mass mortality due to mis-timing of migration and other activities.  Charr consistently produce small and large offspring even when under artificial selection for increased size.  The production of smaller offspring must have fitness benefits to the parents.  Thus, both forms persist.
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