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Section 1
OVERWINTERING AND SPAWNING ECOLOGY OF
FISHES IN COLD CLIMATES
An Annotated Bibliography
Compiled for the
Region II FRPA Riparian Management Science & Technical Committee
by
Jason E.B. Mouw
Alaska Department of Fish and Game, Sport Fish Division

SUMMARY
In South Central Alaska (Region II), rivers and streams are covered with ice and develop
ice on the streambed for significant periods of the year. These conditions reduce the
habitat suitability of certain portions of these systems for overwintering juvenile and
resident fish species (Cunjak, 1996). Though these icing conditions prevail in primary
channels, side channels and sloughs that are typical of glacial systems in Region II
provide suitable habitat for overwintering fishes due to upwelling groundwater, low flow
velocities, and suitable cover in the form of living and dead large woody debris and
standing riparian vegetation. Lake systems that are connected to river systems also
provide important overwintering habitat for resident and juvenile fish species in Alaska
(Palmer, 1998, Meka et al. 2003). Of the factors that characterize suitable overwintering
habitat in side sloughs and channels of large river systems, upwelling groundwater is
considered the primary influence to overwintering habitat suitability in Region II Alaska
(Alaska Department of Fish and Game, 1981, 1983a, 1983b). Other studies also indicate
that feeding for juvenile salmonids is also very pertinent to winter survival and growth
(Moles et al. 1997). In side slough habitats, overwintering fish are able to reduce energy
expenditure due to low flow velocities, feed on a limited basis, avoid frazil ice, and
experience higher rates of survival (Swales et al., 1986, Bustard, 1986). On rivers such
as the Susitna River, resident rainbow and juvenile salmon are known to prefer side
slough habitats near tributary confluences.
On large glacial river systems, high volume ground water flow paths that may extend
kilometers from the main channel (Boulton et al. 1998) are thermally buffered from
ambient conditions in winter. Where this groundwater upwells, it is rich in nutrients and
relatively warm in winter. This key influence on juvenile salmon and resident species
habitat is expressed within the context of high habitat heterogeneity to provide a wide
variety of suitable habitats. The availability of these sites is restricted on smaller clear
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water streams that do not have the physical habitat complexity and adequate stream flow
to provide adequate numbers of sites for overwintering of fish.
The complexity of side slough habitats is also critical due to the variety of species –
specific microhabitat preferences. Complexity of habitat allows for the coexistence of
several species in the same general location without significant competition (Cunjak
1996). For these reasons, glacial systems have been found to be extremely important to
overwintering salmonids in southcentral Alaska.
Many species also show preference for sites characterized by upwelling when spawning
(Baxter and McPhail, 1999, Baxter and Hauer, 2000). This is especially true for chum
and sockeye salmon that prefer to spawn in side sloughs of the Susitna River. Baxter
and McPhail (1999) document higher survival of bull trout embryos to the alevin stages
at sites characterized by upwelling.
Because side slough habitats occupy the peripheral portions of gravel-bed floodplains,
they are particularly susceptible to modification due to riparian forest practices and
floodplain land developments. Access developments, for example typically require
culverts or fill material when building roads to access main river channels of glacial
systems. These actions can reduce the hydrologic connectivity of side slough habitats.
Flood control projects that stabilize main channels also have the potential to disconnect
rivers channels from its floodplain sloughs. Such modifications may also introduce
sediment into the aquatic system, such as side sloughs that typically run clear throughout
the year. Through experimentation, Bustard and Narver (1975) found that juvenile
salmon prefer clean versus silted substratum, a preference that increased with cold water
temperatures. Tschaplinski and Harman (1983) found a 63-74% decrease in abundance
of overwintering juvenile fish at sites adjacent to clear cut riparian zones. Temperature is
also affected by buffer strip architecture. Curry et al. (2002) report marked decreases in
temperatures of surface waters at sites with no buffer strip.
Winter fish habitats are also extremely vulnerable to withdrawal of stream water for
consumptive out of stream uses. Withdrawals of water that significantly reduce stream
flow lead to accelerate icing characteristics that may result in disconnecting important
side slough habitats and lake systems with primary channels (Cunjak, 1996). This either
precludes fish from accessing their preferred habitats or strands those already occupying
disconnected habitats. Because glacial systems are characterized by low flow in winter,
these systems are particularly sensitive to withdrawals of water in winter.
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temperatures were accurate predictors of redd temperatures. Both treatment streams
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initial harvesting. The increase was most pronounced in the stream without a riparian
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thermal regime of surface water and the hyporheic zone in this northern temperate forest
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streams.

Jackson, D.A., P.R. Peres-Neto, and J.D. Olden. 2001. What controls who is where
in freshwater fish communities – the roles of biotic, abiotic, and spatial factors.
Canadian Journal of Fisheries and Aquatic Sciences. 58: 157-170
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composition. Piscivory by fish is a dominant factor in both stream and lake systems
whereas evidence for the importance of competition appears less convincing. Within
small streams or lakes, the impact of predation may exclude other species, thereby
leading to mutually exclusive distributions and strong differences in community
composition. Within a geographic region, abiotic effects frequently dictate the relative
importance of piscivory, thereby indirectly influencing the composition of prey species
present. The spatial scale of studies influences our perceived importance of biotic versus
abiotic factors, with small-scale studies indicating a greater importance of competition
and large-scale studies emphasizing abiotic controls. The scale of the individual sites
considered is critical because smaller systems have higher variability and wider extremes
of conditions than larger lakes and rivers. The stability of physical systems and degree of
spatial connectivity contribute to increased diversity in both larger stream and larger lake
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systems. We identify challenges and needs that must be addressed both to advance the
field of fish community ecology and to face the problems associated with human-induced
changes.
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134) longer than 440 mm were implanted with radio transmitters and tracked for varying
periods from July 1997 to April 1999. Fifty-eight radio-tagged fish were tracked for
sufficient duration (at least 11 months) to allow description of seasonal migratory
patterns. Unique seasonal movements of fish suggested discrete, within-basin population
structure. Telemetry data documented the existence of multiple migratory and
nonmigratory groups of rainbow trout, indicating unique life history patterns. The
observed groups consisted of what we defined as a lake-resident ecotype, a lake–river
ecotype, and a riverine ecotype; the riverine ecotype demonstrated both highly migratory
and nonmigratory movement behavior. Considerable variation in movement patterns was
found within both the lake–river group and the river migratory group. Radio-tagged trout
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suggesting lake fidelity in the population structure. Alagnak River rainbow trout may
have evolved the observed seasonal movement patterns to optimize winter thermal
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deteriorated in general throughout the experiment. In contrast, fish that were fed grew at
all temperatures, even at 0.2 degrees Celsius. Although food was found to be important,
it was considered of lesser importance to arctic fish than for temperate fish due to lower
metabolic rates associated with cold water temperatures.
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During 1984 and 1985, 67 adult Arctic grayling Thymallus arcticus with surgically
implanted radio transmitters were released at their summer feeding areas in three river
systems of the Arctic National Wildlife Refuge, Alaska. We tracked the fish from aircraft
to determine patterns of autumn migration to overwintering locations. During August or
September in each area, fish left the small tundra streams where they were tagged and
migrated into larger streams. Migration rates peaked at 5–6 km/d about 1 September and
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