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Flooding is critical to the ecosystem health of many river-delta environments, 
particularly to perched-ponds and lakcs that are vertically separated from the 
open-water llow system. This is the case for the Pcacc-Athabasca Dclta in north- 
ern Canada, one of thc world's largcst, freshwater deltas. Unfortunately, this del- 
ta has not experienced a major flood since 1974. As a result, significant drying 
has occurrcd in thc higher-elevation portions of the Delta landscape. This has 
led to significant changcs in, for example, the vegetation regime and the related 
small-mammal habitat. For almost two decades, popular belief was that drying 
of the I>elta was due to a reduction in the size of open-water floods resulting 
from upstream flow regulation and/or changes in climate. Following a histori- 
cally high flood in 1990, however, it was realized that open-watcr floods were 
relatively incffcctive in flooding the perched bases. A historical analysis of hy- 
drometric records revealed that thc major peak-water levels have been produced 
at thc time of brcak-up. Thc spring llow driving such events are more related to 
downstream tributary runoff than tlow produced within the hcadwaters, above 
the point of regulation. Other ice factors, however, such as thickness, strength, 
and winter levels, may also have been important in controlling break-up sever- 
ity. 

Introduction 

The Peace-Athabasca Delta in northern Canada, is one of the world's largest, fresh- 
water deltas. The Delta is comprised of a myriad of channels and lakes, the latter of 
which can be subdivided according to the degree to which they are connected to the 
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main flow system. Basins in the higher-elevation zones, above the major channel 
network, are referred to as "perched". These perched basins and ponds form some of 
the most biologically-productive habitat in the Delta but are also the ones whose 
ecosystem health is most dependent on periodic flooding. Major flooding of many of 
the perched basins in the Peace-Athabasca has not occurred since 1974. As a result 
significant drying has occurred, resulting in significant changes to, for example, the 
vegetation regime and the related small-mammal habitat (The Peace-Athabasca Del- 
ta Project Group 1973; Peace-Athabasca Delta Implementation Committee 1987). 
This paper reviews the basic hydrology of the Delta environment, major biological 
changes that have resulted from drying, the historical record of open-water and ice- 
break-up floods that have produced peak water levels in the area, and some of the 
hydrometeorologic factors that have lead to the decline in major flood events. 

Physical and Ecological Setting 

The Peace-Athabasca Delta is formed by the Peace, Athabasca and Birch Rivers at 
the western end of Lake Athabasca in the province of Alberta (Fig. 1). Approximate- 
ly 80% of the 3,900 km2 Delta lies within the Wood Buffalo National Park and in- 
cludes almost 1,200 km2 of sedge and grass meadows, one of the largest undisturbed 
grassland areas in North America and home to thousands of bison. A multitude of 
shallow perched basins scattered across the grasslands provide ideal habitat for nest- 
ing waterfowl. When full, these basins account for over 19,000 km of shoreline 
(Townsend 1984). Such habitat has made the Delta a central node in four North 
American flyways and an important refuge for duck populations that are forced to 
migrate northward during drought years on the more southerly prairies. Over 
600,000 young watel-fowl have been raised in the Delta during years of optimum 
water-level conditions (Townsend 1984). The perched basins also offer ideal habitat 
for muskrat, which numbered 200,000 to 300,000 in the mid-1960's (Peace-Atha- 
basca Delta Project Group, 1972). 

One of the main reasons for the Delta's high wildlife productivity lies in the fact 
that early successional habitats support the largest numbers of wildlife. Muskrat, for 
example, survive best in relatively shallow marshes (e.g. -1 m) having an abun- 
dance of emergent and submergent aquatic vegetation. Similarly, bison prefer sedge 
and grasses (Calmagrostis canaclensis and Carex atherodes) common to these flood- 
ed marsh environments. The survival of such regimes requires that flat areas be pe- 
riodically flooded or permanently inundated to shallow depths. Since the vertical 
range of most Delta plant communities are quite small, only minor changes in water 
levels can lead to the advance or retreat of plant succession over large areas. 

Three large shallow lakes (Claire, Mamawi and Basil; <I to 3 m deep) also occu- 
py the Delta and are connected to Lake Athabasca and the upper grassland zones by 
a myriad of active and inactive channels. Large populations of fish migrate between 
the Delta lakes and the major rivers. Species, such as goldeye and walleye, also use 
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Fig. 1 .  Location of Peace River Basin and the Peace-Athabasca Delta. 
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Fig. 2. Schematic of major flow systems in the Peace-Athabasca Delta (after Peace-Athabas- 
ca Delta Implementation Committee, 1987). 

the Delta lakes as spawning and rearing habitat. Channel levees are vegetated main- 
ly by poplar and white and black spruce. Topographic relief seldom exceeds 1 m 
above the surface of the major Delta lakes, except for the levees and islands of Ca- 
nadian Shield outcrops located primarily in the north-east. 

Fig. 2 shows the major flow connections. The Delta and Lake Athabasca are con- 
nected to the northward flowing Peace and Slave Rivers by two major channels, 
Rivi2re des Rochers and Chenal des Quatre Fourches (Figs. 1 and 2). Discharge in 
these channels is proportional to the difference in water levels of the lake systems 
and the Peace River, both of which can vary significantly between winter and sum- 
mer. Although flow is normally northward, it can reverse when the Peace River is 
higher than the level of Lake Athabasca. Water levels experience a peak on the 
Peace and Athabasca Rivers during the spring break-up period (late April-early 
May) and a few weeks later (June) during a period of sustained high flow produced 
by runoff from the Rocky Mountain headwaters. It is during these two periods, that 
high water levels on the Peace River can obstruct the northward flow of water. As a 
result, lake-water levels are typically highest in the Delta and on Lake Athabasca 
during the spring and summer, but then recede during fall and winter when the out- 
flow to the Slave River is greater than inflow to the Delta. 
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Hydrologic Regime and Hydrologic Analysis 

Hydrologic Regime of Perched Basins 
Scattered throughout the Delta are a myriad of small ponds and lakes that provide 
the most productive habitat for wildlife. In general, these can be classified according 
to the degree of hydraulic connection with the main flow system, into three catego- 
ries: open-drainage, restricted-drainage, and isolated (Peace-Athabasca Delta Pro- 
ject Group 1973). In the first type, water levels fluctuate in direct accordance with an 
adjacent lake or channel. Some form of hydraulic restriction (e.g. levee, high-clo- 
sure channel, subsurface flow system) characterizes the second type and causes a lag 
in water-level response within the basin. The third type is effectively isolated hy- 
draulically from the flow system. In this truly "perched" basin, infilling is only 
achieved through overbank flooding and water-level decreases are almost exclusive- 
ly controlled by evapotranspiration. 

Average annual precipitation in the area is 381 mm, approximately 40% of which 
accumulates as winter snowfall (i.e. 145 cm-snow )(Atmospheric Environment Ser- 
vice 1993). Estimated annual evaporation from small ponds is approximately 450 
mm (Fisheries and Environment Canada 1978). Within perched basins, where 
groundwater contributions through levees can be treated as negligible (Nielsen 
1972), these figures indicate that perched lakes and ponds have an annual water def- 
icit of approximately 70 mmlyr. An earlier estimate by Peace-Athabasca Delta Pro- 
ject Group (1973) placed the annual deficit at 90 mmlyr based on shorter term esti- 
mates of precipitation (330 m d y r )  and evaporation (420 m d y r ) .  

Maintaining standing water in these basins is therefore dependent on periodic 
flooding from the adjacent channel systems. Unfortunately, however, the small-scale 
channel network and elevational relief of the perched-basin regimes are poorly 
understood owing to the remoteness and flatness of the Delta. This has made it diffi- 
cult to classify the basins according to flood stages, especially where the source of 
flooding can vary. Townsend (1 973) made the first attempt at linking representative 
perched basins to the major lakes. In a subsequent attempt to more fully map the en- 
tire Delta environment, Jaques (1989) measured the total water-covered area meas- 
ured from satellite imageyy at various stages. Unfortunately, however, the satellite 
data set only included one image (1974) of high-elevation flooding and, even then, 
flooding was so widespread that it masked inter-basinichannel flow paths. It was de- 
duced from this analysis, however, that 7870 of the Delta's productive wetlands and 
meadows are located above approximately 209.5 m a.m.s.1. 

Flow Regime Modifications and Impacts 
Beginning in 1968, filling of Williston Lake behind the W.A.C. Bennett Dam 
marked the beginning of lower than average flows on the Peace River. During the 
four years, 1968- 1971, there was a net storage behind the dam of 41x1 09 m3 of wa- 
ter (Muzik 1985). As a result, Peace River flows were reduced by as much as 5,600 
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