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ABSTRACT 

A synthesis of the published 1iterature on the habitat 

preferences of beavers, muskrats, mink and river otters is pre

sented. Field studies conducted during the late autumn of 1978 

included aerial surveys and track counts in snow. A total of 249 

active beaver lodges were seen on 2550 km of transects. Densities 

of active beaver lodges were calculated from surveys of streams and 

lakes to be lodge per 3.1 km of stream and 1 lodge per 7.2 km of 

lakeshore. A total of 26 muskrat houses were seen on three lakes 

within the AOSERP study area. The Peace-Athabasca Delta was not 

surveyed. 

Beavers used deciduous, white spruce and willow-fen 

habitats proportionately more than these habitats were available. 

Beavers avoided locating their lodges in jack pine and black spruce

tamarack habitats. Tracks of mink were found to occur in greater 

numbers in willow and aspen vegetation types than would be expected 

by the availability of these habitats. Habitat preferences of musk

rats and river otters could not be determined because too few data 

were collected on these species. Recommendations for habitat man

agement that would benefit semi-aquatic furbearers are made. 
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INTRODUCTION 

The trapping of furbearing mammals has probably been car

ried out in North America ever since man first arrived on this can

t i nent. Trappers, espec i a 11 y the men who came to trap and trade 

for the pelts of beavers, were largely responsible for the early 

development of western Canada. The art and industry of trapping 

continues to have a major impact on the economics and 1ifestyles 

of many residents of northern Canada. 

From 1970 to 1975, the average cash value of furbearer 

pelts in the AOSERP study area (Figure 1) was approximately $1250 

per trapl ine per year. Of this value, 59% resulted from the sale 

of beaver, muskrat, mink and river otter pelts (Todd 1976). In 

comparison, in the entire Province of Alberta, these semi-aquatic 

furbearer species contributed 42% of the trapping income (Boyd 1977), 

indicating that semi-aquatic furbearers are more important to trappers 

in the AOSERP study area than to trappers elsewhere in Alberta. 

During the past decade, an increasing amount of furbearer 

habitat has been lost as a result of industrial development and 

resource exploitation centred around the Athabasca Tar Sands. 

Although reclamation efforts are planned, the rehabilitation of 

aquatic habitats is exceptionally difficult and expensive. 

Furthermore, the habitat requirements of mink and river otters are 

poorly known and certain aspects of habitat use by beavers and musk

rats are not well understood. 

This study was undertaken to document the distribution 

and habitat preferences of four species of semi-aquatic mammals: 

beavers, muskrats, mink and river otters. The general objectives 

of the study as outlined by AOSERP were to: 

1. 	 1 Determine the relationship of each species of 

semi-aquatic mammals to their habitat requirements.• 

2. 	 1 Determine the relative densities (numbers and 

distribution) of semi-aquatic mammals by species, 

in representative habitat types in the AOSERP study 
1area . 
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In order to fulfill these objectives to the greatest 

degree within the time anrl logistic constraints of the project, 

the follmiJing specific objectives 1-vere outlined: 

1. 	 Determine the distribution and abundance of beaver 

lodges and muskrat houses in various habitat types 

over a broad area on the AOSERP study area; 

2. 	 Determine the habitat associations of mink and 

river otters along selected rivers and streams 

in the AOSERP study area by track counts along 

ground transects; 

3. 	 Review and synthesize the 1 iterature on habitat 

preferences of beavers, muskrats, mink and river 

otters and relate the findings of the field study 

to p u b 1 i s h ed f i n d i n g s ; a n d 

4. 	 Recommend management strategies and habitat im

provement methods on reclaimed minesite areas 

that will enhance populations of semi-aquatic 

furbearers. 

The following report consists of three parts. Part 1 is a 

review of the habitat preferences of beavers, muskrats, mink and 

river otters as documented in the 1 iterature. In Part 2, the 

results of field studies conducted during the autumn and early 

winter periods of 1978 are presented and discussed. Part 3 is a 

biblidgraphy pertaining to the habitat relationships of semi-aquatic 

furbearers. 
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PART 1. 	 HABITAT USE AND PREFERENCES OF BEAVERS, MUSKRATS, MINK 

AND RIVER OTTERS: A LITERATURE REVIEW. 

1. INTRODUCTION 

The following literature review describes the habitat 

preferences and relationships of four species of semi-aquatic 

furbearers that occur on the AOSERP study area: beavers, muskrats, 

mink and river otters. Because of the widespread distribution of 

these species, much of the published literature is not relevant to 

the boreal forest environment of the AOSERP study area. Throughout 

the review, emphasis has been placed on studies that are most appli 

cable to conditions in northeastern Alberta. Where there is a 

paucity of information, studies from other regions of North America 

and from 	 Europe are included. 

This section is not meant to be an exhaustive review of 

every reference to habitat use by semi-aquatic furbearers. In order 

to maintain a readable report, selective use of the most relevant 

and informative sources was made. For those readers who are 

interested in a more exhaustive treatment of semi-aquatic furbearer 

habitats, a bibliography is presented at the end of Part 2 of this 

report. 

Because the suitability of habitats is often governed by 

food availability, any discussion of habitat preferences would be 

incomplete without a treatment of food habits. Therefore, a brief 

description of the food habits of each species is presented. 

Habitat use is determined both by extrinsic (vegetation, 

topography) and intrinsic (behavioural) parameters. The major 

parameters that determine habitat use are discussed for each species. 

This approach is somewhat artificial because it ignores physical 

and social interactions that affect habitat use. However~ indivi

dual treatment of the various parameters permits one to investigate 

specific components of habitat use in considerably more depth. 
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2. BEAVER 

2. l INTRODUCTION 

The beaver (Castor> canadensis) is distributed throughout 

most of the United States and Canada (Figure 2). A closely related 

species, C. fiber>, is widely distributed throughout northern Europe 

and Asia (Walker 1968). As a semi-aquatic mammal, the primary 

component of the habitat of beavers is an adequate water supply 

(Williams 1965, cited by Tufts 1967; Slough and Sadlier 1977). 

Because, in northern latitudes, beavers spend part of each year 

beneath a thick layer of ice, the water must be sufficiently deep-

so that it does not freeze to the bottom (Hiner 1938; Cowan 

1948, cited by Novakowski 1965; Murray 1961; Alberta Recreation, 

Parks and Wildlife [ARPWL in prep.). 

The vegetative characteristics of an area also affect 

local potential for beaver habitation (Tufts 1967). According to 

Slough and Sadlier (1977) beavers are most commonly associated 

with deciduous tree and shrub communities, or other sub-climax 

plant communities. In interior Alaska, Boyce (1974) found that 

!:>ceaver densities were highest in alder-willow, wiliow and poplar 

habitats, and lowest in spruce bog, mature stands, gravel-willow 

herbaceous and alder-birch bogs. 

The factor most limiting to the success of a beaver 

colony is not unanimously agreed upon. For example, Will lams (1965, 

cited by Tufts 1967) suggested that water conditions are of pri

mary importance; Rasmussen (1940) and Stegeman (1954) indicated 

that availability of an appropriate food source is the most criti

cal factor defining suitable habitat. It is likely that a combina-· 

tion of factors may determine the potential of an area as beaver 

habitat. 
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Figure 2. North American distribution of the beaver. (Adapted 
from Hall and Kelson 1953.) 
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Atwater (1940) has proposed a classification system for 

beaver habitat based on aquatic, physical, vegetative, and terri 

torial requirements. He out!'ined the following criteria: 

Most favorable 

1. 	 ample forage of preferred types, 

2. 	 sufficient room for expansion, 

3. 	 reliable water supply, and 

4. favourable topography for lodge and dam construction. 

Favorable habitat 

1. 	 ample forage of preferred types, 

2. 	 room for expansion is 1 imited by topography, 

3. 	 reliable water supply, and 

4. favourable topography for lodge and dam construction. 

Fa i r ha b i ta t 

1. 	 preferred forage species not abundant, or forage 

consists of less desirable species, 

2. 	 room for expansion is severely 1imited, and 

3. water supply is variable. 

Marginal habitat 

1. 	 forage consists mostly of undesirable types, 

2. 	 room for expansion is severely 1 imited, 

3. 	 water supply is unreliable, and 

4. topography steep and rocky. 

Unfavourable habitat 

No criteria given. 

Using similar criteria, several other authors have also 

developed habitat classifications for beavers (Retzer et al. 1956; 

Dennington et al. 1973; Thomasson 1973; \vatson et al. 1973; 

Traversy 1974; ARPW, in prep.). 

Beavers in Alberta occupy both streams and lakes that 

have an ample supply of aspen, willow, poplar and birch along their 

shore! ines (Soper 1964). Throughout most of their ranges in the 
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province, beavers require a minimum water depth of 0.9 m to 1.5 m 

and prefer banks consisting of fine-textured soils. 'Provided that 

basic requirements are met, the relative quality of the habitat in 

any given area is enhanced by sufficient quantities of one or more 

food species, [by] stable water levels, and by optimum distribution 

of land and water. Wetland configurations which increase shoreline 

length relative to surface area generally provide a greater amount 

of potential habitat. .. ' (ARPW, in prep.). 

2.2 VEGETATIVE REQUIREMENTS 

2. 2. 1 Food Qua 1 i ty 

A complete list of all the plant species used by beavers 

would include virtually every aquatic and terrestrial plant in the 

vicinity of the colony (Bradt 1947; Taylor 1953, cited by Tufts 

1967; Crawford et aZ.. 1976). However, aspen (Populus trerrt7Aloides) 

is the preferred food of the beaver (Bailey 1927; Soper 1937; 

Aldous 1938; Bradt 1938; Shadle and Austin 1939; Scheffer 1941; 

Beer 1942; Gese and Shadle 1943; Tevis 1950; Stegeman 1954; 

Pearson 1958; Hall 1960; Murray 1961; Brenner 1962; ARPW, in prep.). 

Aspen and poplar (Populus sp.) appear to be so highly preferred by 

beaver that the abundance and distribution of beaver colonies may 

be 1imited by the availability of these species (Rasmussen 1940; 

Stegeman 1954; Hodgdon and Hunt 1953). 

In the absence of aspen and poplar, willow is a favoured 

food for beavers. Willow is of equal or greater importance as a 

food source at higher elevations and more northerly latitudes 

(Fomicheva 1957; Murray 1961; Northcott 1963, cited by Tufts 1967; 

Rutherford 1964; Novakowski 1965; Sverre 1972; Slough and Sadlier 

1977)' 

Aleksiuk (1970) reported that willow (Salix sp.), and to 

a lesser extent balsam poplar (P. balsamifera) and alder (Alnus 

crispa), were the preferred food species of beavers in the Mackenzie 
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Delta. Soon after break-up the bark of willow was heavily used, 

but with the onset of plant growth beavers consumed mostly leaves 

and the apical portions of willows and, occasionally, poplars. 

In fall, bark was once again the main food material. Apparently 

this seasonal alteration in food habits allows beavers (0 obtain 

food with the highest available protein content. 

Huey (1956) found that food quality affected the repro

ductive potential of beavers in New Mexico. Females taken from 

aspen-dominated and cottonwood-dominated habitats produced averages 

of 4.20 and 2.75 embryos per individual, respectively. Females 

taken from overused willow habitats produced only 2.06 embryos per 

individual. 

The use of other species of hardwoods and ericaceous 

shrubs is well documented. Beavers have been observed to use ash, 

alde~, birch, dogwood, maple, oak, and various species of coni

ferous trees (Brenner 1962; Knudsen 1962; O'Brian 1938; Tufts 1967; 

Sverre 1972). 

Aquatic vegetation forms an important part of the diet 

of beavers, particularly in summer (Beer 1942; Tevis 1950; Grasse and 

Putnam 1955; Hodgdon and Hunt 1953; Pearson 1958; ARPW, in prep.). 

Northcott (1972) recovered 30 complete yellow water 1ily plants 

(Nuphar sp.) from a food cache, and Bradt (1938) reported beaver 

using Potamogeton sp., Sagittaria sp., Lemna sp., Elodea sp., 

Nymphaea sp., and Nymphozanthus sp. as summer foods. 

2.2.2 Food Quantity 

Food quantity, as well as quality, has a profound effect 

on the suitability of habitat for beavers. Hall (1960) stated 

that if trees are abundant, beavers may cut more trees than are 

needed for food. This may be especially true in the case of aspen. 

Scheffer (1941) observed that a group of beavers relocated to an 

area surrounded by a nearly pure stand of aspen quickly cut down 
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all the available trees; the resultant exhaustion of the food 

supply was followed by emigration of the beavers. 

The most important causative agent for relocation of 

beavers is food shortage (Rutherford 1964). After abandonment, 

the regeneration of preferred food species may result in re-coloni

zation of the area by beavers (Lawrence 1952). Fire may be an 

important causative agent in the abandonment and recolonization of 

beaver lodges (Murray 1961). Destruction by fire of the food supply 

of beavers may be complete, but early stages of forest succession 

favour growth of aspen, poplar, birch and willow and thus enhance 
In .L • 1 , , 1 1 '!I,.... .- ..'1. .. l ........ ,... ..
the food supply of beavers ,,aLric ana weoo 1::1::>5; r'rurray 1:;101; 

Ke l sa 1 1 e t al. 1977) . 

Many authors (Aldous 1938; Beer 1942; Bradt 1947; Brenner 

1962; Knudsen 1962; Crawford et al. 1976, and others) have docu

mented the numbers per year and diameters of trees cut by a colony 

of beavers. The number of trees cut is highly variable, and is 

affected by factors such as number of beavers in the colony, time 

of year, density of suitable species, composition of plant commu

nities, amount of aquatic vegetation available, age of colony, and 

the average size of woody plants available (Knudsen 1962). 

2.2.3 Distance Travelled for Food 

One of the factors that most affects food availability 

is the distance that beavers will travel for food (Tufts 1967). 

The distance travelled over land varies with local topography 

(Sverre 1972). Gentle slopes extend the effective foraging radius 

of beavers because of the ease with which food and building mate

rials can be transported downhill (Bailey 1927; Hiner 1938; 

MacDonald 1956, cited by Tufts 1967). 

The reported distances that beavers will travel inland 

to obtain food range from 60 m to 245 rn and include: 60 m (Boyce 

1974; Bradt 1947; Hodgdon and Hunt 1953; Rutherford 1964), from 

62-123 m (Orr 1933, cited by Bradt 1947), 104 m (G i 1bert, pers. 

comm.), 185m (Hammond 1943, cited by Tufts 1967), and 154-245 m 
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(Northcott 1963, cited by Tufts 1967). Gilbert (1978) found that 

beavers in northeastern Alberta travelled an average of 29m 

inland for food. It is generally agreed that beavers use trees 

closest to water; as the supply of trees diminishes, beaver will 

travel increasing distances from water to forage (Tufts 1967). 

Beavers will travel much greater distances in water than 

on land to obtain food. Hiner (1938) and Longley and Moyle (1963) 

observed beavers foraging up to 370 m from the cache along streams 

or ponds. They also stated that beavers may swim greater distances 

in lakes. Boyce (1974) observed that beavers cut food material 

as much as 800 rn upstream, 300m downstream, and 600 rn along sloughs 

or lakes from the cache. Murray (1961) also noted that beavers 

would forage up to 800 m from the lodge. 

2.3 .LODGE SITE REQUIREMENTS 

An adequate site for construction of lodges or dens is an 

important habitat requir~ffient for beavers. Shelters constructed by 

beavers include island lodges, bank dens or burrows, and bank lodges. 

The island lodge typically takes the form of a conical 

mound of sticks and mud, hollowed from the inside (Hodgdon and 

Hunt 1953). The island lodge is usually built in the middle of an 

impoundment so that it is completely surrounded by water (Soper 1937; 

Hodgdon and Hunt 1953; Rutherford 1964). Apparently, the island 

lodge is built when suitable banks for dens are not available (Bradt 

1938; Longley and Moyle 1963). 

Burrows are constructed in suitable banks and are often 

used as temporary dwellings by beavers. Permanent bank dens gener

ally have several chambers; access to these chambers is normally 

under water (Longley and Moyle 1963). 

The bank lodge is usually located where the banks are 

high and composed of stable, gravel-free material (Bradt 1938; Nash 

1951; Hodgdon and Hunt 1953; Symington and Ruttan 1956). Beavers 

in the Mackenzie Delta use bank lodges more than island lodges 

because the volume of flow makes the construction of dams and 
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island lodges difficult (Gill 1972; Dennington et aZ" 1973). 

Bank dens are often converted to bank lodges as the number of 

beavers using the dens increases (Hodgdon and H~nt 1953). In some 

cases bank lodges may evolve from repairs to a bank den (Soper 1937). 

2.4 DAM SITE REQUIREMENTS 

The sizes, number and locations of dams constructed by a 

colony of beavers are functions of local conditions such as stream 

flow, water depth, availability of building materials (Bradt 1947) 

and availability of food (Longley and Moyle 1963). Longley and 

Moyle (1963) suggested that, after food is located, the first con

stricted region downstream of the food source is selected as the 

dam site. 

Dams are not normally constructed on lakes or large 

rivers (Soper 1937; Hodgdon and Hunt 1953). Streams having high 

banks require short dams of sufficient height to create an adequate 

impoundment (Grasse and Putnam 1955); broad valleys on flat land 

will require a much larger dam in order to impound sufficient water 

(Tufts 1967), as illustrated by a Saskatchewan about 1.6 km 

in length (Symington and Ruttan 1956). Soper (1937) noted that a 

stream with a low gradient requires only a luw dam to impound a 

substantial amount of water. 

In the Mackenzie Delta, where flow rates prohibit the 

building of dams, beavers may take advantage af the shallow reser

voirs of meander scroll depressions and adjacent food supplies. 

These depressions are landforms that have evolved from movement 

and deposition of riverbed materials. Beavers may dam the lower 

rim of the depression and after sufficient W~ter depth froo1 

accumulated runoff is achieved, they may build a lodge and estab

lish a colony (Gil1 1972). 

2.5 CANALS 

Canals are excavations approximately 0.6 m wide and 0.3 .. m or more deep (Bal ley 1927; Longley and Moyle 1963) used by 
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beavers to aid in the transport of food and building materials 

from inland areas (Hodgdon and Hunt 1953; Grasse and Putnam 1955). 

Canal lengths are variable, and many colonies do not construct 

canals at all (Tufts 1967). The presence or absence of canals is 

a function of local topography (Hodgdon and Hunt 1953). The terrain 

must be flat and the soil must be soft in order to be suitable for 

canal construction (Tufts 1967). 

2.6 SOIL REQUIREMENTS 

The stability of streambed substrates is an important 

consideration in suitability of a stream for beavers. Soils 

derived from igneous rocks are most stable, but tend to be shallow 

and unproductive. Glacial till, because of its porosity, is the 

least prone to movement and is usually associated with good qual

ity beaver habitat (Rutherford 1964). Soils whose parent material 

is shale rock are more fertile but far more prone to shifting and 

erosion and are generally unsuitable for use by beavers (Retzer 

et al. 1956, cited by Tufts '1967; Yeager and Rutherford 1957; 

Rutherford 1964). Retzer (1955) and Retzer et al. (1956, cited by 

Tufts 1967) classified streambed stability as follows: 

l. 	 stable; consists of glacial ti 11, granite, or 

schist; 

2. 	 less stable; consists of rhyolitic rock; and 

3. 	 unstable; consists of shale, interbedded shale, 

or sandstone. 

Soi 1 type also governs whether or not a bank den can be 

constructed. A relatively high, stable, gravel-free material is 

required for excavation (Bradt 1938; Hodgdon and Hunt 1953). Clay 

soils are optimum for bank den excavations, for securing the out

side of the lodge, and for securing the upstream side of the dam 

(Zharkov and Solokov 1967; Sverre 1972). Murray (1961) found that 

lodges constructed in the upper Tanana River valley of Alaska were 

consistently built over a muck substrate. 
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2.7 WATER REQUIREMENTS 

Water must be present in sufficient quantity to prevent 

freezing past a critical depth during winter (Hiner 1938; Slough 

and Sadlier 1977; ARPW, in prep.). Water also affords protection 

from predators, covers the lodge entrance, facilitates travel to 

food supplies, and facilitates storage bf the food supply (Williams 

1965, cited by Sverre 1972). It is critical that ice does not 

hinder access to the food cache during winter (Bailey 1927; Hiner 

1938; Grasse and Putnam 1955; Yeager and Rutherford 1957; 

Novakowski 1965; ARPW, in prep.). Apparently, beaver activity 

between the lodge and the food cache can moderate the thickness 

of ice in this area (Murray 1961). 

Water requirements vary with latitude. Cowan (1948, 

cited by Novakowski 1965) estimated a minimum water depth require

ment of 2.7 m for beavers in the Aklavik area of the Mackenzie 

Delta. Murray (1961) documented that the minimum water depth at 

lodge entrances of beavers in the Tanana Valley, Alaska, was about 

1 m; however, his study was conducted during a low water period 

in summer. Bailey (1927) postulated a minimum depth of 1.5-1.8 m 

in the Great Lakes area of the United States. Henderson (1960, cited 

by Tufts 1967) suggested that beavers in Kansas required a depth of 

1 m. Semyonoff (1951, cited by Tufts 1967) estimated a minimum 

water depth of optimum beaver habitat in the U.S.S.R. of 1.5-2 m. 

The Alberta Land Inventory (ARPW, in prep.) suggested that 0.9-1.5 m 

was the minimum depth of water required for beavers in Alberta. 

The area of water impounded varies from less than 0.4 ha 

to more than 20 ha (Knudsen 1959, cited by Tufts 1967). According 

to Knudsen (1962), the area of the beaver impoundment is a function 

of stream gradient, width of flood plain, and height of the beaver 

dam. Lakes are also used by beavers. On large lakes, lodges are 

usually located in sheltered areas where they receive protection 

from waves and damage by ice (Johnston 1927; Nash 195·1; Shaw 1948; 

Shelton 1966, cited by Tufts 1967; Murray 1961). 
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Sudden changes in water level can have pronounced dele

terious effects on a beaver colony (Murray 1961). Spring flooding 

and flash floods can shift river channels and damage or destroy 

dams and lodges (Yeager and Rutherford 1957; Rutherford 1964). 

In contrast, Shelton (1966, cited by Tufts 1967) noted that colonies 

were deserted when flow rates were insufficient to maintain water 

levels during periods of 1ittle precipitation. Consistent flow of 

water through most of the year is an important characteristic of 

beaver habitat (Shaw 1948; Taylor 1953; MacDonald 1956; Stains and 

Baker 1958; Henderson 1960, cited by Tufts 1967). 

According to Knudsen (1962), typical habitat before 1m

poundment would include a stream of discernible but low rate of 

flow. Several authors (Nash 1951; Taylor 1953, cited by Tufts 

1967; Knudsen 1962) state that streams of low velocity are pre

ferred by beavers. Retzer (1955, cited by Neff 1957) listed three 

criteria that affect water velocity and thus stream suitability: 

1. gradient; 

2. width of floodplain; and 

3. streambed substrate. 

Stream gradient is an important factor in colony estab

lishment. Swank (1949, cited by Sverre 1972) suggested that 

beavers concentrated in level areas; Crawford et al. (1976) and 

Retzer (1955, cited by Yeager and Rutherford 1957) suggested that 

areas suitable for impoundment had gentle gradients with some 

degree of floodplain development in the valley. Beavers in the 

Porcupine Hills did not dam creeks with more than a 6% grade 

(Sverre 1972). Most researchers have stated that gradients less 

than 3% are preferred by beavers (Smith 1950, cited by Tufts 1967; 

Hodgdon and Hunt 1953; Shelton 1966, cited by Tufts 1967). 

Rutherford (1964) proposed that quality of beaver habitat improves 

as stream gradient decreases and valley width increases. He clas

sified the habitat potential of a drainage as follows: 

EXCELLENT: 	 Grade = 0-6% 

Valley width is greater than 46 m; 
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GOOD: Grade ~ 7-12% 

Valley width is greater than stream 

width; 

QUESTIONABLE: Grade= 13-15% 

Valley width is wider than channel 

width, but is usually narrow; and 

UNSUITABLE: Grade= 15%+ 

Valley width is seldom wider than 

channel width. 

The fact that more colonies occur on stream courses with 

low gradients (Rutherford 1964) supports this system of classifica

tion. Rivers with high flow rates and swift currents are undesir

able habitats regardless of abundance of food species (Soper 1937; 

Atwood 1938). 

2.8 SPATIAL REQUIREMENTS 

It has been well documented that, just before a resident 

adult female gives birth to new young, 2-year-old offspring 

emigrate or are driven from the parent colony and establish them

selves elsewhere. Emigration of 2-year-old beavers is of direct 

benefit to the parent colony because it prolongs the period of 

activity of the colony by reducing colony size and thereby con

serves the food supply (Bradt 1947). Aleksiuk (1968, cited by 

Bergerud and Miller 1977) postulated that this type of behaviour 

serves as a regulatory influence in stabilizing populations. 

One theory for dispersal is that parents force 2-year-old 

beavers from the colony (Bradt 1938). However, Bergerud and Miller 

(1977) and Novakowski (1965) have observed 2~year-old beavers at 

colonies in the presence of kits with no apparent aggression on the 

part of the adults. They attribute this failure to disperse to a 

lack of available habitat suitable for colonization, 
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3. MUSKRAT 

3. 1 INTRODUCTION 

The muskrat (Ondatra zibethicus) occupies a broad geogra

phic range within its native North America (Figure 3), and has 

recently been introduced to northern Europe and Asia where large 

populations now occur (Artimo 1960; Chu and Yien 1964; Marcstrom 

1964; Danell 1977). Optimum muskrat habitat is characterized by 

an abundant food supply (emergent and submergent plants), a rela

tively stable water level, and bank or shoreline development that 

permits access beneath ice during winter (Mcleod et al. 1947; 

Mcleod 1949; Stevens 1955; Dennington et al. 1973). Highest den

sities are found in freshwater marshes (Errington 1963), although 

under favourable climatic conditions virtually any habitat, includ

ing habitats with intermittent water supplies may be occupied 

(Errington 1939, 1948). 

Muskrat habitat in central and northern Alberta consists 

of 'weedy lakes, ponds, sloughs, marshes and sluggish streams, 

supporting an abundance of food plants' (Soper 1964). The distri 

bution and interspersion of these wetlands depends to a large ex

tent on landform; excessively flat topography '1 imits the develop

ment or permanency of wetlands', whereas excessively steep topogra

phy 1 1 imits the development or permanency of streams, or the 

attractiveness of existing permanent streams due to high gradients 

and resultant discharge fluctuations' ... this 'limitation may also 

arise in large river valleys having steep slopes' (ARPW, in prep.). 

The suitability of habitat also depends on the successional stage 

of the vegetation--the best muskrat habitats are comprised of sub

climax biotic communities that depend on periodic flooding for 

their maintenance (Mcleod et al. 1947, 1951; Fuller and La Roi 

1971; Westworth 1974). 
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Figure 3. . distribution of the musk rat. (AdaptedNorth Amerlc~nKelson 1953.)from Hall an 
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3.2 FOOD REQUIREMENTS 

Muskrats are generally considered to be opportunistic 

feeders (Errington 1941 ), although some studies have demonstrated 

seasonal preferences for various plants or plant parts (e.g. Takas 

1947; Mcleod 1949; Bel lrose 1950; Westworth 1974). In a recent 

review of muskrat food habits studies, Willner et al. (1975) con

cluded that in North America cattail (Typha sp.) and bulrush 

(Scirpus sp.) are the most important food items, although a variety 

of other species also are used. When emergent plants are not 

available, muskrats can subsist entirely on submergents (Fuller 

1951; Stevens 1955). Experiments with captive adult muskrats have 

shown that daily intake of forage is approximately 340 g wet weight 

during summer (Mcleod 1948). Lavrov (1960) reported that daily 

intake was approximately one-third of body weight; adult body weight 

averaged 1020 g for 9311 muskrats in Maryland (Dozier and Allen 

1942) and 997.9 g for 134 adult males and 966.) g for 117 adult female 
/"/ 

muskrats in the Mackenzie Delta (Hawley 1_"'9-6'3, 1964, 1965).
' ../ 

Food availability may be a limiting factor during winter 

when ice cover prevents access to much of the food supply (Fuller 

1951; McEwen 1955; Stevens 1955; Schmitke 1959). Where ice cover 

is continuous for long periods, muskrats construct push-ups (domes 

of submergent vegetation, beneath which a plunge hole is kept open 

through the ice) to extend their feeding range. MacArthur (1978) 

found that there was a progressive reduction in foraging radius as 

winter progressed, and theorized that this might be adaptive 

because it would tend to preserve nearby food sources until late 

winter when distant sources would be unavailable or energetically 

unfeasible to exploit. 

3.3 COVER/SHELTER REQUIREMENTS 

Muskrats depend on aquatic and semi-aquatic vegetation 

for food and, in most areas, for cover. Bank burrows and houses 

constructed from available vegetation are used for protection from 
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pred a to r s , f o r r a i s i ng 1 i t t e r s ( F u 1 1 e r 1 9 5 1 ; E r r i n g to n 1 9 6 3 ) , t o 

extend feeding range in v1inter and to 1 imit climatic stress (Rev in 

1975; MacArthur 1978). 

3. 3. 1 Cover Type Requirement~ 

Although a broad range of cover types are successfully 

exploited, muskrat populations reach their highest densities in 

v1aterbodies with emergent vegetation. Chu and Yien (1964) have 

pointed out that 'it is not the kinds of plants, but their relative 

abundance, which may constitute a limiting factor'. Aquatic vege

tation cover pe~ se is not necessarily required (e.g. viable popu

lations exist 1n the Mackenzie Delta area where the habitat is 

characterized by a lack of emergents [Stevens 1955]). The length 

of shoreline supporting emergent vegetation, the species and den

sity of emergent vegetation, the width of the emergent belt, and 

the availability of submergents all affect habitat selection and 

carrying capacity (Bell rose and Brown 1941; Stevens 1955; Verts 

1956; AmbrockandAllison 1973; Neal 1977; Danell 1978 ). 

Apart from their use as a building material and food, 

stands of emergent vegetation provide shelter from winds, wave 

action and predators (Mcleod et al. 1947). Also, emergent vege

tation traps snow and thus reduces depth of ice formation (Fuller 

1951; Stevens 1955; Vampiloff 1957; Westv1orth 1974). Riparian 

growth and adjacent woodlands provide resting places for stranded 

muskrats during high water periods; availability of such habitat 

may be crucial to survival (Errington 1937a; Bellrose and Lm·1 1943). 

Some 1 imitations on land capability for muskrat produc

tion in Alberta are directly related to vegetation cover (ARPW, in 

prep.). These are: 

'Shoreline conditions- Physical features preclude 

optimum shoreline conditions. The 1 imitation may 

arise from topographic features or substrate 



21 


characteristics which 1 imit development of suitable 

plant communities along shore] ines or otherwise 

reduce utilization by ... muskrat. 

Present land use - Land use which adversely affects 

habitat quality. Examples are excessive land clear

ing or industrial and urban developments. 1 

3.3.2 House Site Requirements 

Mcleod et al. (1949) listed cover and availability of 

building material as being among the major factors governing house 

location. Certain features within zones of emergent vegetation 

(e.g. dense cover [Mcleod et al. 1949], locally elevated points 

[Dane] 1 1978b]) are preferred as construction sites. Seasonal 

differences in location of houses with regard to cover type 

(Ambrock and Allison 1973; Westworth 1974; Danell 1978b) are prob

ably related to selection for water depth rather than to selection 

for specific plant associations pe~ se (see Section 3.5). 

Houses are constructed by gathering materials from the 

immediately surrounding area. Emergent plants are the primary 

building materials, although submergents, weeds, sticks, etc. may 

also be used (Mcleod et al. 1947; Fuller 1951; Schmitke 1959; 

Pe 1 i kan et al. 1970; Akkermann 1975a; Dane 11 1978b) . Wes tworth 

(1974) found that in many cases all emergent and subme~gent plant 

growth in a 3-7m radius around the house was used in house-build

ing by muskrats in the Peace-Athabasca Delta; fall or winter houses 

(which were generally larger than summer houses) had an average 

height of 0.49 m and an average diameter of 2.4 m. Pelikan et al. 

(1970) reported that in a central European study area approximately 

4% of annual cattail biomass production was used in house-building. 

During floods or periods of high water, houses may be 

located in riparian vegetation (Bellrose and Low 1943; Mcleod 

et al. 1949; Ambrock and Allison 1973). 
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3.3.3 Burrow Site Requirements 

Muskrats construct extensive burrow systems in suitable 

banks adjacent to waterbodies or streams; these may be used for 

seasonal or year-long shelter as wei l as for raising young. They 

typically consist of one or more submergent entrances leading to 

interconnecting tunnels and nest chambers above the water] ine. In 

most areas, both houses and burrows are constructed, although 

there may be seasonal differences in intensity of use (Fuller 1951; 

Schmitke 1959). Exclusive use of burrows (as in the Slave River 

delta [Law 1950], the Mackenzie River delta [Stevens 1955] and the 

Old Crow Flats [Ruttan 1974]) may be related to inherent preferences 

or to 1ack of emergent vegetation for house construe t ion (Stevens 

1955). 
Physical requirements for burrow location vary from area 

to area. In the Old Crow Flats, bank dens were located on steep 

shores and appeared to be most numerous where the shoreline had 

collapsed from thermokarst action (Ruttan 1974). In the Mackenzie 

Delta, nearly all bank dens were built into shallow lake shores 

(Stevens 1955). Muskrats in the Slave River delta located their 

burrows in solid clay banks of 0.3 m or more in height in protected 

areas--exposed or weathered banks were never used (Law 1950). 

Riparian vegetation contributes to the bank stability 

required for extensive development of burrow systems, and the roots 

provide a framework for dens (Errington 1937a). Ruttan (1974) 

noted that in the Old Crow Flats bank dens were found on shores pro~ 

tected by dense shrubs and thick moss mats. Coulter (1948) found 

that breeding animals in Maine preferred banks with dense shrub 

cover. 

3.4 SOIL REQUIREMENTS 

Soil type influences the construction of burrow systems 

in banks, the accessibility of rootstocks of aquatic macrophytes, 

and the growth and development of food and cover plants. 
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Correlations between soil types and construction of 

burrow systems have been noted in several studies. Clay soils 

appear to be most favourable for construction of extensive burrow 

systems (Errington 1937a; Law 1950; Beshears and Haugen 1953; 

Earhart 1969) although use of sandy soils for construction of 

temporary winter burrows has been noted in California (Earhart 

1969). In Sweden, Danell (1978a) found that there were signifi 

cantly more burrows per kilometre on shores composed of fine-grade 

sediments than on those composed of coarse-grade sediments; burrows 

were also constructed in peaty lakeshores, but were not constructed 

in gravel or pebble substrates. Mcleod et al. (1947) noted that 

in the Saskatchewan River delta area muskrats are restricted to 

areas with soft, mucky soils in which they can dig. In permafrost 

regions, burrow development is dependent upon the distribution and 

depth of the active layer (Ruttan 1974). 

Freezing of soil in lake or marsh bottoms in winter 

restricts availability of rootstocks of aquatic macrophytes; how

ever, instances of muskrats digging for food in frozen soil have 

been documented (Errington 1963; Turner 1970). It is noteworthy 

that in the Peace-Athabasca Delta, bottom type (i.e. whether 

frozen or unfrozen) had no significant effect on whether or not 

houses were active during winter (Ambrock and Al 1 ison 1973). 

Soil-related factors may 1imit development of muskrat 

habitat in Alberta (APRW, in prep.): 
1 Excessive soil moisture- precludes optimum growth 

of vegetation necessary for food and cover. 

Fertility - Lack of nutrients in the soil or water 

for optimum plant growth. 

Deficient soil moisture- Poor water-holding capacity 

of soils which adversely affects the formation and 

permanency of wetlands or the development of suitable 

plant communities. 
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Adverse soil characteristics- Excessive salinity, 


alkalinity, acidity, lack of essential trace elements, 


or abundance of toxic elements may 1 imit the develop


ment of plant and animal communities essential for 


muskrat production. 


Soil depth- Restriction of the rooting zone by bed


rock or other impervious layers which limits develop


ment of suitable plant communites. 1 


3.5 WATER REQUIREMENTS 

Water requirements of muskrats during the open water 

season are flexible. Although drought can cause increased predation 

(Errington 1939, 1945, 1963) and flooding results in mortality 

through drowning, loss of nest sites, destruction of shelters, etc. 

(Errington l937b; Bellrose and Low 1943; Ambrock and Allison 1973), 

muskrats can survive under a variety of water regimes as long as 

climatic conditions are not too harsh and adequate food and shelter 

a r e a v a i 1 a b 1 e ( N ea 1 1 9 77 ) . 

Optimum water depths during summer correspond largely to 

the tolerance range of emergent plants--to depths of several metres 

depending upon local conditions. Summer houses are located prima

rily in the zone of emergent vegetation (0-50 em water depth) 

(Bellrose 1950; Harris and Marshall 1963); within this zone \tJater 

depth does not appear to be a major determinant of house location. 

Westworth (1974) found that during summer there was a tendency for 

muskrats to construct houses on former feeding platforms without 

regard for water depth. Mcleod e-t al. (1949) found that average 

depth at houses in the Saskatchewan River delta was 41.6 em--if 

houses were located in water deeper than 51 em, there was the 

danger that they would float and disintegrate. In Illinois, 

optimum depth for lodge construction has been reported to be 30

46 em (Bel lrose and Brown 1941). In a long-term study in Sweden, 
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96% of all houses were located in the water or within 1 m from it; 

mean water depth at house sites was 0.2 m (Danel 1 l978b). 

Bank burrows require enough water to cover and protect 

the den entrance (Stevens 1955). Use of burrows decreases with 

declining water levels (Westworth 1974); however, tunnels or 

trenches to open water may be built (Mcleod 1949). 

In northern areas muskrats are confined under ice during 

winter. Complete freezing of shallow water decreases the amount 

of accessible habitat, and consequently sites suitable as summer 

habitat may be completely uninhabitable during winter (Stevens 

1955; Ruttan 1974). For example, Ambrock and Allison (1973) 

reported that about 70% of the lakes in the Peace-Athabasca Delta 

were too shallow for winter survival of muskrats. 

The extent of winter habitat shrinkage depends upon ice 

thickness and upon waterbody depth and gradient. Minimum depths 

of 1.2-l .8 mare required in far northern areas such as the Mackenzie 

Delta and Old Crow Flats, where ice thicknesses may reach 1.2 m or 

more (Stevens 1955; Ruttan 1974). Water depth requirements decrease 

with decreasing climatic severity; in the Peace-Athabasca and 

Saskatchewan River deltas water depths of 0.6-0.9 mare adequate 

for muskrat survival (Mcleod et al. 1947; Stevens 1950; Ambrock 

and Allison 1973). A thick layer of insulating snow early in the 

season results in reduced depth of ice formation (Fuller 1951; 

Stevens 1955; Ambrock and Allison 1973; Westworth 1974). 

Gradient and location of deep water in relation to 

shallow water are important determinants of winter habitat avail 

ability, because freezing of extensive shallow areas may prevent 

access to deeper water from houses and bank dens at shore (Ruttan 

1974). Thus, Stevens (1955) concluded that, in the Mackenzie River 

delta (where muskrats made exclusive use of bank dens), steep

sided lakes were more valuable as winter habitat than those with a 

shallow gradient. However, depths greater than 3.6 m were not used 
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because they did not support forage growth. Dane ll ( l978a) found 

that muskrats in Sweden did not build burrows where distance from 

shore to 0.5 m water depth exceeded 40 m. 

The importance of total water body depth during winter 

is illustrated by relationships between depth and activity at push

ups. Su rrend i and Jorgenson ( 1971) reported that in the Peace

Athabasca Delta the percent of pushups that were active increased 

from 0% at 0.3 m total depth to 100% at 1.4 m total depth; mean 

total depth of ice and water at active pushups was 0.9 m. They 

concluded that for optimum winter survival, muskrats should have 

access to total depths from 0.8-2.1 m. 

In areas where muskrats construct houses there are 

seasonal differences in locations of new houses in relation to 

water depth (Westworth 1974; Dane]! 1978b). Westworth (1974) 

reported that in the Peace-Athabasca Delta, houses were built over 

deeper water during fall than during summer, and that as houses in 

shallow areas became frozen muskrats made greater use of houses 

in deeper parts of their home range. He reported that over 50% of 

the houses located in water deeper than 30 em were sti I l in use 

during April. 

In another study in the Peace-Athabasca Delta, Ambrock 

and Allison (1973) found that the percent of houses stilI active 

during March was positively correlated with total ice and water 

depth; 37% of houses in 3~31 em of ice and water were active, com

pared with 51% in 34-61 em, 65% in 64-91 em, and 78% in 94-122 em. 

Approximately 69% of the active houses were found between total 

depths of 34 em and 76 em (Surrendi and Jorgenson 1971), which is 

similar to preferred winter depths reported from other areas (e.g. 

46-76 em in Maine [Coulter 1948]; approximately 0.33 em in Sweden 

[Danell 1978b]; greater than 61 em in central Alberta [Schmitke 

1959]). 
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It is noteworthy that although there is a positive corre

lation between total depth and percent of houses and pushups re

maining active over winter, the presence of water is not necessarily 

required. Ambrock and Al 1 ison (1973) reported that during 2 years 

of study, 44-71% of active houses were in areas where no detectable 

water was present in late winter; similarly, Surrendi and Jorgenson 

(1971) found that 27% of al 1 active pushups were in areas with no 

detectable water. However, active houses and pushups may have had 

pockets of water immediately below them, or tunnels or runways to 

surrounding water areas (Surrendi and Jorgenson 1971). 

Water-related characteristics that may 1 imit development 

of muskrat habitat in Alberta (ARPW, in prep.) include: 
1 Aridity - Regional drought or aridity which results 

in low water levels or seasonal drying of aquatic 

habitats. 

Excessive water flow- Inhibits development of suit 

able habitat along stream edges. 

Inundation - Flooding or excessive water level fluctua

tion which adversely affects the habitat or the produc

tion and survival of muskrats. 

Exposure- The 1imiation is exposure to wave action on 

windward sides of large lakes which may prevent the 

development of optimum ... muskrat habitat. 

Excessive water depth - Limits the development of 

optimum aquatic plant communities. 1 

3.6 SPATIAL REQUIREMENTS 

Spatial requirements of muskrats are related to the ex

trinsic factors of availability of food, cover and water, as well 

as to intrinsic factors such as sex, age and breeding condition of 

individual animals. Home ranges and territory sizes reflect the 
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interaction of these factors; both provide measures of the area 

within which habitat requirements are met, and provide insight into 

how available resources are partitioned. 

Muskrats are relatively sedentary animals. Except for 

spring, fall or emergency dispersal movements (which may be under

taken by only a small segment of the population [Errington 1940, 

1963; Wragg 1955; Mathiak 1966]), they generally remain within home 

ranges 200m or less in diameter (Aldous 1947; Shanks and Arthur 

1952; Krear 1953; Mathiak 1953; Sather 1958; Schmitke 1959; Mallach 

1971; Westworth 1974). Translocation studies involving returns of 

up to 4000 m have shown strong attachment to these areas by indi

vidual muskrats (Mal lach 1972). 

Home range size varies with habitat quality. Dauphin~ 

(1965) concluded that in the central Adirondacks, muskrats main

tained larger home ranges in marginal habitats than in more favour

able habitats. In streams and ditches, home ranges tended to be 

1 inear in shape; Stewart and Bider (1974) reported that in southern 

Quebec approximately 365m of collection ditch containing permanent 

water was needed to support each breeding female. 

Part of the home range may be defended as territory, 

particularly by females during the breeding season (Errington 1963), 

but the extent of territoriality and home range overlap appears to 

vary from region to region. Westworth (1974) found that muskrats 

on the Peace-Athabasca Delta occupied non-overlapping family home 

ranges. These results agreed with the results of Sather 1 s (1958) 

study in Nebraska, but Erickson (1959) reported overlapping home 

ranges in central New York and Neal (1968) found no evidence of 

territoriality in northwestern Iowa. In Germany, males and females 

defended territories of up to 500m 2 during spring (Akkerman 1975b). 

Shanks and Arthur (1952) reported that stream-dwelling muskrats in 

Missouri appeared to be territorial. 



29 


Territory sizes depend in part on population density, and 

during cyclic highs their centres may be separated by only 18-37 m 

(Errington 1963). Territoriality has an important influence on 

habitat use; for example, Fuller (1951) noted that in late summer 

and autumn muskrats forced from marginat habitats by lack of water 

or severe frosts may have to fight their way into fully occupied 

favourable habitats. Muskrats that attempt to build houses in 

territories with occupied burrows may be driven away by competitors 

(Danell l978a). 

In northern regions, ice cover restricts winter home 

range size and/or movements (Stevens 1955; Westworth 1974). 

MacArthur (1978) found ·that winter movements on the Delta Marsh 

in Manitoba rarely exceeded 150m; most foraging occurred within a 

10m radius of a lodge or pushup. Territoriality during winter may 

result in 'zonation' of winter habitat, each zone being used by a 

relatively discrete group of muskrats (Stevens 1955). 
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4. 	 MINK 

4. l 	 INTRODUCTION 

The mink (!1ustela vi.son) is a widely distributed (Figure 

4) semi-aquatic predator that occurs along streams, lakeshores, 

marsh edges and marine coastlines. Some use is also made of viOod

lands adjacent to watercourses. Soper (1964) has characterized 

mink habitat in Alberta as 'the borders of streams, ponds and 

soggy-shored lakes, preferably in lovrlying quaggy terrain cut by 

meandering, sluggish streams'. Primary habitat requirements are 

an abundant food supply and adequate denning sites. 

4.2 	 FOOD REQUIREMENTS 

Mink are opportunistic predators whose food habits vary 

widely within their geographic range. Various food habits studies 

in North America and Europe have indicated that seasonal or annual 

diets may be composed primarily of small mammals (Dearborn 1932; 

Hamilton 1936, 1940, 1959; Sea1ander 1942, 1943; Yeager 1943; Harbo 

1958; Korschgen 1958; Burns 1964; Schnell 1964; Hoglund 1966; 

Erlinge 1969; Grigor'ev and Egorov 1969), v1atedovJl (Everhardt 1973; 

Sargeant et al. 1973), fish (Burns 1964: Egorov 1966; Gerell 1967a; 

Akande 1972; Hatler 1976), aquatic invertebrates (Dearborn 1932; 

Gerell 1967a), or marine invertebrates (Harbo 1958; Hatler 1976). 

In some areas the muskrat is the primary prey species (Dearborn 

1932; Hamilton 1940; Sealander 1942, 1943; Yeager 1943); muskrats 

are particularly vulnerable under conditions of drought or over

population (Errington 1954). 

Seasonal and areal differences in food habits are caused 

by differences in prey availability (Dearborn 1932; Errington 1943, 

1954; Waller 1962; Gerell 1967a; Erlinge 1969). Gerell (1967a, 

1968) found that differences in diet among mink in different habi

tats in Sweden were most marked during summer, when a greater 

variety of prey was available. Fluctuations in prey density may be 

a factor in large population fluctuations of mink (Har·bo 1958). 
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Figure 4. North American distribution of the mink. (Adapted from 
Hall and Kelson 1953.) 
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Food requirements are met primarily in aquatic and semi

aquatic habitats, although diet composition indicates that some 

foraging is done in terrestrial habitat adjacent to v1etlands or 

watercourses. 

4.3 	 COVER/SHELTER REQUIREMENTS 

Mink frequent emergent, riparian, tundra and botto~land 

forest communities where prey is available. For example, Korschgen 

(1958) concluded that in Missouri 'good mink habitat 'tiould seern to 

include land adjacent to water from which vegetation is not over


grazed, burned or cut ... such areas are productive of the foods 


most utilized by mink'. Northcott c::t ul. (1974) noted that good 


muskrat habitat generally supports sizeable populations of rlink. 


Knudsen (1962) attributed use of beaver ponds by rnink to food abun


dance, deeper v1ater, and more dissected edge and shoreline. 


Erl inge (1972) noted that in Sv1eden 'lakes rich in crayfish and 


streams with marshes inhabited by smal 1 mamrnals are favourable 


habitats to the mink in summer'. 


Viable populations of rnink occur even in agricultural 

areas or where forest cover is discontinuous (Sealander 1943; 

Gerell l967b; Soper 1964), as long as suitable v;atercourses are 

available. Watercourses also constitute the rnajor lanes of travel 

and dispersal (Ritcey and Edv1ards 1956; Harbo 1958; Gerell 1967b; 

Northcott et al. 1974). Coastal mink sumr,er in upland r'uskegs 

and along rivers and streams, but during winter are confined to a 

narrow zone along the beach (Croxton 1960). 

Mink do not construct shelters from available vegetation; 

instead they occupy abandoned or appropriated burro1·1s (primarily 

of muskrats) or naturally formed den sites (Marshall 1936; Errington 

1946; Harbo 1958; Burns 1964; Gerell 1967b; Erl inge 1972). Dens 

are used both for raising young and for shelter (Marshall 1936; 

Harbo 1958; Burns 1964). Availability of den sites is one of the 

.. 
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factors determining mink population densities (Errington 1946; 

Gerell 1967b, 1970; Erlinge 1972). Northcott et al. (1974) partly 

attributed the failure of mink to spread into mountainous and sub

alpine areas of Newfoundland to the absence of suitable den sites. 

Dens are variously located in creek banks (Marshall 1936; 

Burns 1964), peat bogs (Gerell 1967b), pingoes (Burns 1964), under 

tree roots (Marshall 1936; Harbo 1958; Gerell 1967b), in beaver or 

muskrat houses (Hensely and Twining 1946; Harbo 1958; Knudsen 1962; 

Errington 1963), in brush and in rock piles (Harbo 1958; Gerel 1 

1967b). Suitable dens are situated near water (Harbo 1958; Gerell 

1967b; Schladweiler and Storm 1969), but not necessarily near water

bodies that fulfil 1 habitat requirements of mink throughout the 

year. Burns (1964) found that in Alaska, females occupied summer 

dens in low-lying swampy areas a considerable distance from deep 

streams and sloughs. Harbo (1958) noted that all dens found on his 

study area in Alaska were above summer high water levels. 

Vegetation cover provides protection for the den site and 

also influences soil/burrow characteristics. In the Yukon-Kuskokwim 

Delta area, natal dens were always in areas of deep annual thaw 

under Spiraea or Salix cover; soil was most friable under this 

cover type and roots provided stability for the subterranean tunnel 

system (Burns 1964). The most heavily used winter dens were also 

in this cover type, possibly as a result of the protection afforded 

by the thick snow layer held by the shrubs. Harbo (1958) found 

that most dens were surrounded and covered by dense vegetation that 

provided concealment. 

4.4 WATER REQUIREMENTS 

Water per se is not a critical habitat requirement for mink; 

their association with aquatic and semi-aquatic habitats is related 

primarily to prey availability. Nevertheless, mink habitat can be 

broadly characterized in terms of waterbody type, water depth and 

flow rate. 
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In Alberta, mink are associated with standing waterbodies 

and low-gradient streams. Seasonal differences in habitat use are 

related to water depth; there may be local dispersal from large, 

deep streams used during winter to smaller watercourses used as 

spring and- summer habitat (Soper 1964). 

During winter, mink cope with freezing of aquatic habitats 

by moving to deeper water, by congregating at open watercourses 

(Knudsen 1962; Erlinge 1972), and by foraging in terrestrial habi

tats (Marshall 1936; Harbo 1958; Soper 1964); they also spend much 

time hunting in extensive air spaces that develop beneath nearshore 

ice as water levels recede after freeze-up (Harbo 1958; Soper 1964). 

4.5 SPATIAL REQUIREMENTS 

Spatial requirements, as reflected by home range size, 

are inversely related to the quality of local habitat for hunting 

(Mitchell 1961; Hatler 1976). Also, males tend to have a much 

greater range than do females (Marshall 1936; Harbo 1958; Gerel 1 

1970; Hatler 1976). Home range sizes of females of 8-20 ha have 

been reported (Marshall 1936; Mitchell 1961), whereas males may have 

home ranges of over 400 ha (McCabe 1949). During winter, activities 

are restricted to portions of the home range where food is readily 

available (Gerell 1970). 

Both adult males and adult females have been reported to 

be territorial (Harbo 1958; Mitchell 1961; Gerell 1970), but the 

influence of territoriality on spatial requirements is poorly 

understood. Gerell (1970) concluded that the size of the home 

range was related to both population density and carrying capacity 

of the habitat; territoriality seemed to be the chief regulating 

factor. 
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5. 	 RIVER OTTER 

5. 1 	 INTRODUCTION 

The river otter (Lutra canadensis) is a semi-aquatic pred

ator and one of the rarest indigenous furbearer in North America 

(Edwards and Cowan 1959). It is distributed over a broad geographic 

range and occupies habitats similar to those of beavers, muskrats 

and mink. A closely related species, the European otter (L. lutra) 

occupies analogous habitats in Europe (Erl inge 1972). River otters 

occur on a variety of creek and river types that have suitable 

amounts of forest and shrub cover. Otters will also use back waters, 

beaver ponds, and lakes (Peterson 1966; Erl inge 1967b; Soper 1970). 

There is 1ittle information on habitat use by river otters in North 

America; much of the information presented below has been obtained 

by researchers studying the European otter. 

5.2 	 FOOD REQUIREMENTS 

River otters select prey on the basis of vulnerability 

and thus are opportunistic feeders (Greer 1955; Ryder 1955; Waller 

1962, cited by Gilbert 1978; Erlinge 1967b; Gerell 1967). Some 

factors affecting the feeding habits of otters include availability 

of food, vulnerability of prey (intense predation usually occurs 

when prey is easy to catch [e.g., spawning]), and food preference. 

Food quantity and food availability are dictated by the abundance 

and agility of the prey species, the habitat in which prey is found, 

time of day during which river otters hunt, fish spawning periods, 

effects of ice in winter, water temperatures, and seasonal changes 

in stratification of the waterbody. 

River otters tend to hunt in shallow, weedy water; 

coarse fish are the primary prey species. Erl inge (1972) stated 

that cyprinids, pike (Esox lucius), and burbot (Lota lota) form 
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Figure 5. North american distribution of the river otter. (Adapted 
from Hall and Kelson, 1953.) 
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the basis of the dietary requirements of the European otter in 

southern Sweden. Fish that remain in deep water during daylight 

hours form a negligible part of the river otter 1 s diet (Sheldon and 

To 11 1964). 

The otter 1 s preference for fish has been well documented 

(Yeager 1938; Lagler and Ostenson 1942; Ryder 1955; Sheldon and 

Toll 1964; Soper 1964; Erlinge 1967a, 1967b, 1968, 1972; Gilbert 

1978). Crayfish are a major food source in more southerly latitudes 

(Lagler and Ostenson 1942; Erlinge 1972; Yeager 1938); in marshy 

areas amphibians are also taken (Erlinge 1967a). River otters also 

prey on birds and small mammals (Soper 1964) and occasionally eat 

er i caceous shrubs such as b 1 ueberr ies (Vacciniwn sp.) (She 1 don and 

Toll 1964; Petersen 1966). The selection for prey such as water

fowl and semi-aquatic mammals does not appear to be great, and the 

use of ericaceous shrubs as a food source is not widely documented. 

Because of the stable nature of the river otter 1 s main prey base, 

otter population sizes fluctuate less than those of other mustel ids 

whose prey may undergo large fluctuations in numbers (Erl inge 1968). 

COVER/SHELTER REQUIREMENTS 

River otters do not construct their own dens (Liers 1951); 

they adapt muskrat burrows or abandoned bank burrows, bank dens, or 

lodges of beavers to suit their own requirements. River otters will 

also use cavities among the roots of trees, hollow logs, and rock 

crevices, or they may build a nest-1 ike structure of grasses located 

on the ground among the bases of dense shrubs (Yeager 1938; Liers 

1951; Stephens 1957; Soper 1964; Erl inge 1967). 

5.4 WATER REQUIREMENTS 

Water is the primary requirement for suitable river otter 

habitat. Den sites of river otters are frequently provided by other 

semi-aquatic mammals such as beavers and muskrats; also the otter 1 
S 

prey is almost totally aquatic. 
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During summer, otters inhabit areas that offer optimum 

habitat in terms of prey. These areas can include eutrophic lakes 

(Erl inge 1972) as well as streams and rivers with suitable cover 

(Soper 1964). During winter, however, otters use open stretches 

of water, such as those near the headwaters of rivers and streams 

where the water is swift and turbulent, open areas below waterfalls, 

or openings in the ice of beaver ponds (Green 1932; Hodgdon and 

Hunt 1955; Knudsen 1962; Soper 1964). 

5-5 SPAT!AL REQUIREMENTS 

The otter is described as having an undefined home range 

and has been noted to travel up to 97 km of stream per year. River 

otters normally range over 5-16 km of stream per season (Liers 

l 951). 

Territories of the European otter normally do not over

lap. However, at high densities, territories of the wider-ranging 

dog otters (adult males) may overlap considerably (Erl inge 1968). 

Females with young tend to have a more defined home range 

than males, but tend to extend their home range as the young grow 

older. Distinct, non-overlapping territories ensure an abundance 

of food for family groups and provide sufficient space for the 

establishment of dens, rolling places, slides, runways, and paths 

within the territory (Erlinge 1968), 

Topography and access to open water in winter are of 

primary importance; food supply and population densities are also 

concerns in the establishment of a territory. The size of home 

range for dog otters varies with:local topography and the occur

rence of other otters (Erl inge 1967a). 

During spring, river otters are highly mobile. Break

up of fast-ice on streams and lakes gives access to new feeding 

areas. Summer activities tend to centre around the eutrophic 

portions of lakes and several preferred streams; there is 1 ittle 
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movement to other areas. Mobility increases again during fall, but 

returns to a low level during winter. During winter, river otters 

tend to remain in areas that provide access to open water (Erl inge 

1967a). If, however, during the course of the winter, pockets of 

water become 1 imited, river otters may travel considerable dis

tances to locate open water, where prey is available (Petersen 

l 966). 
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PART 2. 	 A FIELD STUDY OF THE DISTRIBUTION AND HABITAT ASSOCIATIONS 

OF SEMI-AQUATIC FURBEARERS IN THE AOSERP STUDY AREA. 

l. INTRODUCTION 

During 1977, AOSERP commissioned a field study of semi

aquatic furbearers (Gilbert 1978). Thi~ study concentrated on food 

habits and population characteristics of beavers, muskrats, mink 

and river otters, primarily in the general vicinity of Fort MacKay. 

The study was designed to be intensive rather than extensive in 

nature. As a result, semi-aquatic furbearers were not studied in 

large portions of the AOSERP study area. 

The present study has been conducted to determine the 

distribution and habitat relationships of four species of semi

aquatic furbearers throughout the AOSERP study area. 

A combination of air and ground transect surveys were 

used to determine the distribution and habitat use of semi-aquatic 

furbearers and to determine the abundance of beavers and muskrats 

in the AOSERP study area. 
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2. METHODS AND STUDY AREA 

2. l AERIAL SURVEYS FOR BEAVER LODGES 

2. l. l Timing of Surveys 

Aerial transect surveys were flown during October in order 

to document the distribution and abundance of beavers in the AOSERP 

study area. An attempt was made to fly the surveys as close to the 

date of freeze-up as possible (before lakes and ponds became snow

covered), because most winter food caches are in place by this time 

and can be readily observed. Because of the uncertainty of the 

date of freeze-up, a preliminary survey was flown on 11 and 12 

October 1978 -- before signs of freeze-up had commenced. Freeze-

up appeared imminent towards the end of this preliminary survey and 

a second aerial survey was flown from 17-20 October 1978. 

During this survey, many ponds in the Birch Mountains were already 

frozen and a trace of snow covered much of the AOSERP study area. 

A series of aerial surveys of streams and lakes was also 

flown during October. Streams and lakes, primarily in the Birch 

Mountains, were overflown with a fixed-wing aircarft on 13 October 

1978. On 21 and 22 October 1978, aerial surveys of streams in 

other regions of the study area were conducted using a helicopter. 

2. 1. 2 Aerial Survey Procedures 

A combination of aerial survey methods was used. Linear 

transects were flown both in the preliminary survey and in the sur

vey conducted from 17-20 October. Transect surveys were con

ducted from a Cessna 180 aircraft at an altitude of approximately 

70 m above ground level (AGL) and a ground speed of approximately 

160 km/h. The preliminary survey was conducted primarily with one 

observer although two observers were present for part of the time. 

Two observers were present for all other 1 inear surveys. Surveys 

of streams and lakes were conducted from a Cessna 180 aircraft on 

13 October and from a Hughes 500-C helicopter on 21 and 22 October. 

The fixed-wing survey was conducted ~lith one observer and flown at 
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approximately 50 m AGL and a ground speed of approximately 130 km/h. 

The helicopter survey was conducted with two observers and flown at 

a variable speed (usually less than 70 km/h) at approximately 50 m 

AGL. 

2. 1. 3 Survey Locations 

The approximate locations of transect lines flown during 

the preliminary survey are shown in Figure 11 
• Transect lines 

surveyed from 17 to 20 October are presented in Figure 2. The 

streams and lakes (or portions thereof) that were surveyed by fixed

wing or rotary-wing aircraft are depicted in Figure 3. 

2. l. 4 Data Recording 

Each observer plotted on a map the locations of al 1 beaver 

lodges and muskrat pushups seen during each survey 2 
• Special emphasis 

was placed on recording lodges within 200m of the aircraft (i.e., 

on a transect 400 m wide or, during the preliminary survey when only 

one observer was present, on a transect 200m wide). 

The status (active, inactive) of each lodge seen was noted. 

For each active beaver lodge recorded on transect, the following 

data were recorded during surveys from 17-20 October: 

l. 	 time (for locational purposes); 

2. 	 waterbody type (lake, stream, wetland); 

3. 	 vegetation mosaic around pond (in terms of 

herb, shrub and tree layer); and 

4. forest type. 

During the preliminary surveys, on 11-12 October only the status 

of beaver lodges was consistently recorded. Additional data were 

noted when time was available. When an active dam or a beaver was 

observed, but no lodge was seen on transect, it was assumed that 

an active lodge was present nearby, but off transect. 

1 More exact locations of aerial survey lines are available at the 
office of LGL Limited, 10110-124 Street, Edmonton, Alberta 

2 A11 other mammals seen during surveys were also recorded and these 
data are presented in Appendix 1. 
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An attempt to have a third observer record general vege

tation types along the 400 m wide transect failed after completion 

of three transect lines because of continued observer air sickness. 

Accordingly, habitat availability was determined by plotting the 

route of aerial surveys on forest cover maps (Alberta Forest Cover 

Series, map sheets 74D, 74E, S4A, and 84H) and then by measuring the 

distance of the transect 1ine in each forest type. Distances were 

totaled and the proportions of the transect 1ines in each habitat 

type were calculated. Finer resolution of habitat types and up

dating of the forest cover maps were achieved by using habitat maps 

developed for AOSERP by lntera Environmental Consultants. Because 

the entire AOSERP study area has not been mapped by lntera at this 

time, it v1as necessary to develop a correction factor, based on 

lntera's maps and limited field truthing, that was applied to por

tions of the AOSERP study area that were not napped by lntera. 

Although there are several problems associated with this approach, 

it was apparent that the resulting data were sufficiently accurate 

to assess general habitat preferences of beavers. 

During the stream and lake surveys, the entire width of 

each stream and the entire shore] ine of each lake was surveyed. 

The locations of lodges were recorded on a map. During these 

surveys the following data were also recorded: 

1. fares t type; 

2. estimate of strean: speed (class l to Si; and 

3. estimate of stream v1idth (in metres). 

2.2 TRACK-COUNT SURVEYS 

In order to determine the distributions of mink and river 

otters in relation to riparian habitats, systematic track counts 

were conducted along streams and lake shores from 24 November 1978 1 


19 Dece~ber 1978. Streams were ski ied whenever possible; when 

'24 t~ovember 1978 1vas approximately the earliest date after freeze
up v1hen streams \'Jere solid enough to travel on. Regions of thin 
ice and open water remained on the rivers and streams throughout 
the period of this study. 
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Figure 1" 	 Map of portion of AOSERP Study Area showing route of 
preliminary aerial survey and locations of beaver 
lodges seen during survey. 

On transect 

~ Active beaver lodge 

0 Inactive beaver lodge 

Off transect 

II Active beaver lodge 

o Inactive beaver lodge 



20 

Kilometres 
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Figure 2. 	 Map of portion of AOSERP Study Area showing route of 
aerial survey flown 17-20 October 1978 and locations 
of beaver lodges seen during survey. 

------ LEGEND ----- 

On transect 

• Active beaver lodge 

o Inactive beaver lodge 

Off transect 

111111 Active beaver lodge 

o Inactive 	beaver lodge 

D. Unknown status 
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Figure 3. Map of portion of AOSERP Study Area showing waterbodies 
surveyed by fixed-wing or rotary-wing aircraft. 
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vegetation across the streams was too dense to ski through, track 

counts were conducted by walking along the stream or its bank. The 

following parameters were recorded: 

1. 	 snow accumulation during last 24 h period; 

2. 	 maximum and minimum daily temperature; 

3. 	 estimated average daily cloud cover; 

4. 	 estimated average daily wind speed; 

5. 	 vegetation type for each 0.5 km of stream 

a) dominant shrub species, 

b) average height class of shrub species 

(0- 1 m, 1 - 3 m, 3 m) , 

c) average density class of shrub species 
/.-.-.-..--- __ ...J_.__ ...__ -'~·~--\-I 
\!:>f-'dl::>t, IIIUUt!ldLt:, Ut:!J::>t:), df!U 

d) 	 dominant tree species; 

6. 	 number of tracks of each species of furbearers, 

snowshoe hares and ungulates on each 0.5 km 

of stream; 

7. 	 vegetation (as in 5) associated with each set 

of tracks other than snowshoe hare tracks; and 

8. 	 location of beaver lodges and associated 

vegetation (as in 5). 
The number of tracks per night was taken to be the number of tracks 

divided by the number of nights since the most recent snowfall of 

sufficient magnitude to obscure mink or river otter tracks. 

The location of each track-count survey is presented in 

Figure 4. Large scale maps showing the exact location, length and 

survey dates of each survey route are presented in Appendix 2. 
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3. RESULTS 

3. l PRELIMINARY AERIAL SURVEYS 

The distribution of lodges sighted along transect lines 

during the preliminary aerial survey is presented in Figure 1. 

A total of 70 active lodges were seen on transect and 45 active 

lodges were seen off transect along approximately 1250 km of tran

sect lines. In addition, 36 inactive lodges were seen on transect 

and 21 inactive lodges were seen off transect. 

Lodges were widely distributed over the surveyed area. 

Approximately 37% of the total active lodges seen were located in 

the drainages of the MacKay, Dover, Ells and Tar rivers, while only 

18% of the transect coverage was in this same area. Few lodges 

were seen east of the Athabasca River (north of Ft. McMurray). 

Of the 32 lodges for which habitat information was re

corded, 84% were located on streams, 13% were on lakes, and the 

remainder were in wetland areas (Table 1). The dominant forest 

types associated with beaver lodge sites were as follows: 161 

lodges (50%) were in aspen dominated forests, 7 (22%) were in white

spruce forest, 6 (19%) were in black spruce forest, and one was in 

each of birch, jackpine and tamarack forest types. Eighty-eight 

percent of the lodges were located in habitats in which either 

aspen or birch was either dominant or the most abundant subordinate 

forest species. 

3.2 AERIAL TRANSECT SURVEYS 

The distribution of lodges sighted along transect lines 

during the aerial survey conducted from 17-20 October 1978 is 

presented in Figure 2. A total of 249 active lodges were seen on 

transect and 100 active lodges were seen off transect along ap

proximately 2550 km of transect lines. Also, 204 inactive lodges 

were seen on transect, 48 inactive lodges were seen off transect, 

and the statuses of 34 other lodges seen off transect were un

determined. 
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Figure 4. 	 Map of portion of AOSERP Study Area showing location~ of 
track-count surveys. Larger scale maps of the surveyed 
areas are presented in Appendix 2. 
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Table 1. Numbe~ of beaver lodges seen during preliminary aerial survey by forest and waterbody 
types . 

Forest Types 
Water body Total Number 

Type Aspen Birch White Spruce Jack Pine Black Spruce Tamarack of Lodges 

Lake 0 0 2 0 2 0 4 

Stream 16 5 0 4 27 

Wetland 0 0 0 0 0 

Total 16 7 6 32 

av . Vlegetat1on data were not recorded at locations of 38 other lodges. .j::
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Distributional results were similar to those obtained 

during the preliminary survey. While active lodges were located 

throughout the AOSERP study area, 40% of the active ldoges seen were 

located in the drainages of the MacKay, Dover, Ells and Tar rivers, 

which included only 20% of the transect coverage. Relatively few 

lodges were present in the region east of the Athabasca River (north 

of Ft. McMurray). Elsewhere in the AOSERP study area, lodges ap

peared to be relatively uniformly distributed. 

Of the 249 lodges sighted on transect, 78% were located on 

streams, 16% were on lakes and 6% were in wetland areas (Table 2). 

Thirty-nine percent of all beaver lodges were located in forest 

types dominated by aspen, 22% were in white spruce forest, 14% were 

in black spruce, 9% were in willow habitat; jack pine and birch 

forest types each contained 7% of the lodges seen, and less than 1% 

were in each of tamarack forest and fen. Sixty-five percent of the 

lodges were located in habitats in which aspen, birch or willow were 

either dominant or the most abundant subordinate forest species. 

An analysis of the distribution of beaver lodges relative 

to the availability of habitats indicated that beavers preferentially 

selected certain habitats for lodge sites (x 2=23l .25; df=4; p<<O.OOl). 

Beavers used deciduous, white spruce and willow-fen habitats more 

frequently than expected if there were no preference for these 

habitats (Table 3). Beavers avoided locating their lodges in jack 

pine and black spruce-tamarack habitats. 

3.3 WATERBODY SURVEYS 

Aerial surveys of waterbodies indicated that 178 active 

beaver lodges were present along approximately 553 km of streams 

that were surveyed and that 25 act~ve lodges were present on 179 km 

of lakeshore. The average density was one lodge per 3.1 km of 

stream and one lodge per 7.2 km of lakeshore. However, lodge den

sities differed greatly among watercourses (one per 0.5 km-one 

per 14.4 km; see Table 4). Fifty-eight percent of the streams that 

were surveyed had an average of more than one active lodge per 2 km. 



Table 2. Number of beaver lodges seen during aerial survey conducted from 17 to 20 October by waterbody 
and vegetation types. 

Vegetation Types 
Waterbody Total Number 

Type Aspen Birch White Spruce Jack Pine Black Spruce Tamarack Willow Fen of Lodges 

Lake 14 3 9 6 6 0 0 2 40 

Stream 81 14 47 12 25 15 0 195 

Wetland 2 0 0 0 4 0 8 0 14 

Total 97 17 56 18 35 23 2 249 

%of Total 39 7 22 7 14 <] 9 <1 

Proportion \J1 
c;r-. 

of Vegetation 
Types Surveyed 21.7% 8.5% 8.9% 57.n 3. 7% 
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Table 3. Beaver habitat use analysis using the bonferroni Z statistic 
(Neu et al. 1974). 

Number Proportion 
Proportion of of of 

Vegetation 
Type 

Total Area 
(p.) 

l 

Lodges 
Seen 

Lodges 
Seen 

Habitat 
Selectiona 

Aspen-Birch 0.217 114 0.4578 + 

White Spruce 0.085 56 0.2249 + 

Jack Pine 0.089 18 0. 0722 

Black Spruce-Tamarack 0. 572 36 0.1446 

Willow-Fen 0.037 25 0.1004 + 

aHabitat selection represents habitat preference (+) or habitat 
avoidance (-) based on 95% Confidence Interval. No habitats were 
used in proportion to their occurrence. 



-----
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Table 4. 	 Densities of active beaver lodges determined from aerial 
surveys of waterbodies. 

Approximate 
Length Surveyed Number of Active Density 

Waterbody (km) Beaver Lodges Seen (km/ 1edge) 

Streams 

Calumet River 
and Tributary 

Cameron Creek 
Little Fishery 

River 
Pierre River and 

Tv-i h~, ...... ..._~-"',1 
totUULUIY 

Saline Creek 
Saprae Creek 
Trib uta r i es of 

Ells River 
Tar River 
Birch Mountain 

Streams 
Asphalt Creek 
Horse River and 

Tributary 
Joslyn Creek 

Lakes 

McClelland 
Algar 
Kea rl 
Birch Mountain 

Lakes 

Gregoire 


10.0 
18.0 

6.5 

"\0 r 
L. U, :J 

24.0 
28.2 

50.0 
64.2 

62.5 
29.4 

160.0 
72.0 

-·-
553.3 

24.0 
l3. 0 
10.0 

105.0 
27.0 

~·-~-~ 

179 

19 
21 

6 

., / 

10 

13 
16 

27 
17 

12 
4 

22 
5 

178 

9 
3 
I 

10 
2 

25 

0.5 
0.9 

1. l 

i.8 
1.8 
1.8 

1.9 
3.8 

5.2 
7.4 

7.3 
14.4 

3. l 

7_.7 
4.3 

10.0 

1(). 5 
13.7 

7.2 
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Most beaver lodges were seen at stream locations with low 

water velocities (Figures 5 and 7) and narrow widths (Figures 6 and 7). 

Streams were used approximately according to their availability in 

terms of velocity (assuming that stream gradient and velocity are 

directly related) (Figure 8). Data on the availability of streams 

in terms of width were not available. No statistical analyses were 

conducted on these data because of the lack of precision of the data. 

Intensive ground work would be necessary to assess preferences for 

stream velocity and width. 

All muskrat houses that were seen were observed while 

surveying lakes. Houses were observed only on McClelland (17), 

Algar (5) and Gardiner (4) lakes. Because few muskrats in north

ern regions such as northeastern Alberta use dwellings that are 

observable from the air (Law 1950; Fuller 1951; Stevens 1955; 

Schmitke 1959; Ruttan 1974), the distribution and abundance of 

houses identified during this study does not represent the true 

distribution or abundance of muskrats in the AOSERP study area. 

3.4 TRACK-COUNT SURVEYS 

The distribution of tracks along waterbody transects is 

presented in Appendix 3. Totals of 60 mink tracks and 8 river otter 

tracks were encountered during track-count surveys. In addition, 

30 active beaver lodges were noted. Tracks of other mammals that 

were seen during track-count surveys are presented in Appendix 3. 

The results of the analyses of habitat associations as determined 

from track distributions are presented below. 

Table 5 gives the results of a y 2 test for goodness of fit 

for each of the habitat variables measured and for the tracks of 

each species for which habitat data were recorded. A detailed 

analysis of these data is limited here to mink, river otters and 

beavers. A significantly disproportionate number of mink tracks 

were found in habitats dominated by certain shrub species (x 2=7.593; 

df=l) and by certain tree species (x 2=12.7; df=2). Tracks of mink 

were distributed proportionately to the availability of the various 

height and density classes of shrubs. A more detailed analysis of 
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to stream width. 
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Table 5. Results of x2 test for goodness of fita. 

Species 

Habitat River 
Parameter Mink Otter Beaver Weasel Wolf Coyote Red Squirrel Deer Moose 

Shrub 
Species 0 NS NS 0 0 0 0 

Shrub 
Height NS 0 NS NS NS NS 0 

Shrub 
Density NS 0 NS NS 0 0 0 

Tree 
Species 0 NS NS 0 NS 

a 
Significance Levels 


NS not significant 

(o'') 0.1 > P > 0.05


* 0.05-> P-> 0.01 

** 0.01 ; p ; 0.005 


,.,.,., 	 p < 0~ 005 
0 sample size too small for statistical analysis 
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the habitat associations using the Bonferroni Z statistic is presented 

in Table 6. Results indicate that significantly more mink tracks 

were located in willow and aspen vegetation types than expected if 

there were no preference for these habitats. No significant dif

ference was noted in the use of vegetation types dominated by other 

species. 

Mink selected areas of the same (61%) or lower (36%) 

height classes than were available (n=59). Similarly, mink selected 

areas of the same (59%) or lower (29%) density classes than were 

predominantly available (n=59). While no significant difference 

could be demonstrated in mink selection of shrub density classes 

(Table 5), 34% of all mink tracks sighted were found in low density 

shrub areas; these areas comprised approximately 19% of the area 

that was surveyed. 

Too few river otter tracks were encountered to assess 

habitat use by this species. Only eight tracks were recorded, four 

were in alder dominated areas and four were in willow dominated 

areas. Five of the eight sets of tracks were on streants located 

in aspen dominated forests and three were on streams in wh te spruce 

forests. 

No significant habitat preferences were identlfied for 

active beaver lodge sites (Table 5). This may have been tl1e result 

of the small sample size because results from aerial surveys pre

sented above indicated that beavers preferred deciduoLIS, white spruce 

and willow habitats. 
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Table 6. Mink habitat use analysis using the bonferoni Z statistic. 

Number Proportion 
Proportion of of of 

Vegetation Total Area Tracks Tracks Habitat a 
Type (p.) 

1 
Seen Seen Selection 

Shrubs 

Alder 

Willow 

Other 


Trees 

White Spruce 
Aspen 
Other 

0.83 
0.16 
0.02 

0.59 
0.30 
0. 11 

35 
22 

2 

23 
25 

6 

0.593 
0.373 
0.034 

+ 

0.426 
0.463 
0.111 

+ 
0 

aHabitat selection represents habitat preference (+), habitat 
avoidance (-) or use of habitats in proportion to their occurrence 
(0) based on 95% Confidence Interval. 
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4. DISCUSSION 

4. 1 BEAVERS 

4. 1. 1 Distribution and Abundance 

Although beavers were widely distributed throughout the 

entire AOSERP study area, concentrations of lodges were noted in 

the region of the east slope of the Birch Mountains. The highest 

density of active beaver lodges was noted on the Calumet River and 

tributary on the east side of the Birch Mountains; however, streams 

in this region did not have consistently higher densities than 

streams 1n other regions of the AOSERP study area. The large 

amounts of deciduous forest (or mixed-wood forest) on the east 

slopes of the Birch Mountains and the preference of beavers for 

deciduous forest types are probably the major reasons for concen

trations of beavers in this area. 

During this study, streams that were surveyed for beaver 

lodges were located either west of the Athabasca River or south of 

Fort McMurray. During a previous study (Gilbert 1978), several 

streams and lakes in the Muskeg River area east of the Athabasca 

River and north of Fort McMurray were surveyed for beaver lodges. 

Densities of active lodges on seven waterbodies were calculated 

from maps presented by Gilbert (Table 7). The average density of 

active beaver lodges in the Muskeg River area (~=1 lodge/2.5 km; 

range=] lodge/4.3-1.0 km) was slightly higher than the average 

density found elsewhere on the AOSERP study area during the present 

study (~=1 lodge/3.1 km; range=] lodge/14.4-0.5 km). However, 

only Snipe Creek had a density of active beaver lodges in excess 

of 1 lodge/2 km of stream whereas 7 of 12 streams (58%) surveyed 

during fall, 1978, had densities that exceeded this figure. 

The average density of active lodges on lakes in the 

Muskeg River area (includes Kearl and McClelland lakes surveyed 

during the present study) was considerably higher (~=l lodge/ 

3.4 km; range=! lodge/10.0-2.7 km) than the average density of lodges 

on lakes elsewhere in the AOSERP study area (x=l lodge/9.7 km; 

range=] lodge/13.7-4.3 km). However, many of the small lakes 



a
Table 7. Densities of active beaver lodges in the Muskeg River area . 

Approximate 
Dates Length Surveyed Number of Active Density 

Waterbody Surveyed (km) Lodges Seen (km/lodge) 

Streams 

Snipe Creek 

Hartley Creek 
Kearl Creek 
Muskeg River 

Lakes 

Clear Water Lake 
Dover Lake 
Pe 1 i can Lake 

10 May, 6-11 August, 
16-25 November 1977 
10 June, 8 July 1977 
30 May-25 June 1977 
10 June, 8 July 1977 

12-14 May, 18-23 July 
12-14 May, 13-23 July 
10 May, 6-11 August, 
16-25 November 1977 

1977 

1977 


4.9 
16.9 
3.9b 

21.4 

47.1 

4.4 
10.3 
6.3 

21.0 

5 
8 
1 
5 

19 

1 
5 
0 

6 

1.0 
2. 1 
3.9 
4.3 

2.5 

\J1 "' 
4.4 
2.1 

3.5 

a 
Data calculated from maps presented by Gilbert (1978) and Gilbert (pers. comm.). 

b
Less than 21.4 km of the Muskeg River may have been surveyed by Gilbert (1978). Hence the density 
presented in column 5 may be too low. 
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each containing seven or eight cobbles 8 to 10 em in diameter, 

collected from a nearby deposit of glacial gravel, were attached to 

a line, dropped to the bottom of the river, and tied to each buoy. 

A sixth site was chosen on an outcrop of Devonian limestone but 

neither buoy nor baskets could be stationed here since it was 

within the navigation channel. 

Four weeks later, on 21 June, the buoys at Site 4 and 5 

had disappeared and the baskets at Site 2 had been buried by sand 

and could not be raised. The baskets at Sites 1 and 3 were pulled 

slowly to the surface and enclosed in a 200 ]Jm mesh net before being 

I ifted into the boat. The upstream sides of the baskets were covered 

with varying amounts of organic debris (sticks, leaves, grass, etc.) 
___ .J _, __ _ 

·--- -- 1- l 
CIIIU l.IU:o>e l nspec t ion reved1eu Lhdt very few, if any, organisms were 

I iving on the stones although the debris contained large numbers of 

benthic animals. Since it was impossible to separate the animals 

associated with the debris from those associated with the rocks or 

to estimate how long the debris had been on the baskets, the use 

of artificial substrates was abandoned. In ·late August, it was 

discovered that the buoys at Sites 4 and 5 had been dragged beneath 

the surface by the baskets which had been rolled downstream. Even 

after three months in the river~ essentially no animals appeared to 

be 1 iving on the rocks, but the debris on the outside of the baskets 

and the mooring 1 ines contained a rich fauna. 

A 15 cm 2 Ekman grab and an airlift were used to take three 

samples from mud or coarser sediments at each site at approximately 

four-week intervals from June through October. The airlift was 

constructed of 5 em I .d. aluminum pipe in sections of various lengths 

which could be screwed together as needed, according to the depth at 

the site. The nozzle (Barton and Hynes in press) was built into one 

section and the top section had two 90° bends with a rim around the 

final aperture to hold the drawstring of a 202 ]Jm mesh collecting 

bag. A SCUBA tank was used as an air supply. The alrl ift was 

operated over the stern while the boat was tied at the bow to the 

buoy marking the sampling site. The pipe was held vertically in 
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active lodges in excess of the levels proposed by Fuller and 

Novakowski. 

4. 1 2 Habitat Use0 

Most beavers in the AOSERP study area established colonies 

along streams rather than in lakes or other types of wetland areas. 

The preferred streams, apparently, were those that flowed through 

deciduous forest or shrubland or through white spruce forest. Be

cause of the strong preference of beavers for aspen (see Tufts 

1967 for review) and other deciduous woody species (Rutherford 

1964; Novakowski 1965; Tufts 1967; Aleksiuk 1970; Slough and Sadlier 

1977) as food items, the proximity of deciduous trees to beaver col

onies is important. Beavers avoided locating their lodges in pure 

stands of conifers. The extensive use of white spruce habitats can 

probably be attributed to the abundance of birch and aspen trees 

that commonly are successional precursors of white spruce forests. 

Some data were collected that indicated that beavers 

established their lodges along low-gradient (low-velocity) sections 

of stream. Similar observations were made by Soper (1937), Swank 

(1949, cited by Sverre 1972), Retzer (1955, cited by Yeager and 

Rutherford 1957) and Crawford et al. (1976). 

These general habitat preferences of beavers are similar 

to those of beavers in other areas of Alberta (Soper 1964) and 

North America (Tufts 1967). More subtle habitat preferences may 

exist that are unique to northern populations of beavers (Boyce 

1974), but detailed ground-level studies would be needed to identify 

these differences. 

4.2 MUSKRATS 

Muskrats are not common in the AOSERP study area south of 

the Peace-Athabasca Delta. During this study, muskrats were noted 

to be present on three lakes: McClelland, Gardiner and Algar lakes. 

Gilbert (1978) reported muskrats on Kearl and Pelican lakes and in 

the Ruth Lake-Mildred Lake area. A total of 76 houses were counted 

during complete aerial coverage of the latter area, Muskrats may 
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Records of turbidity and daily discharge of the Athabasca 

River below Fort McMurray during 1978 were obtained from the Inland 

Waters Directorate, Water Survey of Canada. 

3. 1. 2 Results 

The discharge of the Athabasca River averaged about 

210 m3·s-l during the first three months of 1977, and increased to 

1217 m3·s-l before the Ice broke on 29 April. Daily discharge from 

May through October is shown in Figure 23. The temperature rose from 

near 0°C under ice-cover to 12° by late May and over 18° during June, 

July, and August, then dropped steadily from September until ice 

covered the river on 12 November. Turbidity increased with discharge, 

ranging from l to 8 Jackson units under ice-cover to over 100 during 

peak flows in June and July. 

Fluctuating discharge effected changes in the nature of 

the sediments at Sites 2, 3, and 4 (Table 12). Erosion or deposition 

of sediment at each of these sites appeared to be related to a 

combination of discharge, topography of the river bed, and the nature 

of the sediments in the area. 

The composition of the benthic fauna varied on each of the 

principle types of substrate. A total of 114 taxa were collected 

during this study, of which 31 appeared in over 65% of all the 

samples from any given substrate (Table 13). (A complete 1 ist of 

invertebrates is given in Appendix 6.1.) Orthocladl inae B was the 

most frequently collected species, occurring on all substrates 

except debris, and dominated the fauna on coarse sand through June 

and July. The proportion of rare taxa tended to decrease with 

increasing stability of the substrate (Table 13). Changes in the 

specific and percentage composition of the fauna at each site, as 

indicated by low values of CC and PSC, tended to be greatest during 

the first three months of the study (Table 14) as a result of 

emergence of adult insects (especially 'Orthocladi inae B') and 

erosion or deposition of sediments. 



69 


4.4 RIVER OTTER 

River otters occur throughout most of the AOSERP study 

area (Boyd 1977); their signs were observed on the MacKay and 

Hangingstone rivers and Saprae and Conn creeks. The highest fre

quency of otter tracks was noted along Conn Creek where dense alder 

vegetation proliferated. 

Although river otters are present in low densities through

out their range, they are comparatively more abundant in northeastern 

Alberta (Boyd 1977). Boyd attributed this fact to the large fish 

populations (hence abundant river otter food supply) supported by 

the Peace-Athabasca Delta complex and adjacent river systems. 

Too few data were collected to assess the habitat pre

ferences of river otters. 
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RECOMMENDATIONS 

We do not know all of the habitat requirements of semi

aquatic furbearers; this is especially true for northern areas. 

This report has identified a number of apparent habitat preferences 

of beavers, muskrats, mink and river otters, but specific studies 

on the habitat requirements of these species are lacking. In view 

of this lack of information on the detailed habitat requirements of 

semi-aquatic furbearers, it would be premature to discuss any but 

the major characteristics of semi-aquatic furbearer habitats at 

this time. The primary characteristics that must be present in the 

proper type and ratio are water, soil and vegetation. If these 

requirements are met, it is likely that food, shelter and spatial 

requirements will also be fulfilled. The following discussion is 

I imited to these three major habitat features. 

From data presented in this report, it is apparent that 

a major habitat component of semi-aquatic furbearers is flowing 

water in the form of creeks and rivers. In addition to streams, 

moderately shallow lakes of high productivity are used by all four 

species of semi-aquatic furbearers in the AOSERP study area. It is 

probably not sufficient to provide only one or the other-- either 

streams or lakes. Muskrats prefer shallow lakes and marshes with 

emergent vegetation; lakes are also used considerably by beavers, 

mink and river otters. Streams are widely used and are probably 

the most important waterbodies for semi-aquatic furbearer popu

lations. Beavers, mink and river otters are most commonly found 

along streams. The modification of streams into a series of ponds 

by beavers benefits other semi-aquatic furbearers and many other 

species of wildlife (Bradt 1947; Grasse and Putnam 1950; Beard 1953; 

Hodgdon and Hunt 1955; Knudsen 1962). 

The creation of waterbodies is not sufficient to guarantee 

the presence of semi-aquatic furbearers. Many other habitat com

ponents must be present in adequate proportions and proximity. 

For beavers, stable water conditions or suitable sites for dams 
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must exist. Low gradient streams generally provide the best dam 

sites because large amounts of water can be impounded with a rel 

atively low dam (Soper 1937). 

All semi-aquatic furbearers require suitable soil con

ditions. A major factor in the habitat requirements of semi-aquatic 

furbearers is waterbody substrate that is suitable for aquatic 

vegetation (beavers, muskrats, mink), aquatic invertebrates (mink, 

river otters), and fish (mink, river otters). Stable soil con

ditions along the banks of rivers and lakes are also necessary, 

primarily for the construction of dens. Clay soils are superior 

to other types of soil for denning; sandy or rocky soils are least 

suited for den excavation. 

Vegetation preferences of sp~cies often reflect the habi

tat requirements of forage or prey species. Beavers, for example, 

are typically found on streams and lakes in areas with a supply of 

deciduous trees; in northern areas the preferred species are usually 

aspen, birch or willow. Muskrats rely on emergent vegetation, pri 

marily cattail and bulrush, for food and usually inhabit marshes or 

lakes in which these plants are plentiful. Mink eat a variety of 

food items of which the majority are usually small rodents. Sizeable 

small mammal populations are frequently present in areas dominated 

by shrubs such as edges of forests and along streams, and mink are 

frequently found in these types of habitats. The river otter's 

food requirements are met largely in the aquatic environment; 

otters are indirectly influenced by aquatic vegetation. River 

otters are most abundant both along nutrient rich streams with abun

dant stocks of fish and invertebrates, and in eutrophic lakes. 

The importance of vegetation as cover must also be con

sidered. Cover requirements are especially important for muskrats 

which most often select areas of tall and dense emergent vegetation 

regardless of the vegetation type. 

As semi-aquatic mammals, beavers, muskrats, mink and 

river otters are largely associated with riparian habitats. These 

habitats are maintained by the action of streams and lakes as 

secondary seres or subclimax communities with a considerable edge
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effect. It is probably correct to assume that in northeastern 

Alberta a mosaic of naturally occurring riparian habitats provides 

ample food and cover requirements for sizeable semi-aquatic fur

bearer populations to exist. Artificially propagated or maintained 

climax forests (e.g., jack pine, white spruce) and/or continued 

alterations of riparian habitats would probably result in low num

bers of semi-aquatic furbearers on reclaimed lands. 

The emphasis of most efforts to reclaim mined or otherwise 

disturbed land has centred around terrestrial systems (Hutnik and 

Davis 1973). There have been few successful attempts to restore 

waterbodies on reclaimed lands. Waterbodies that have been created 

on reclaimed lands have usually been created by default (I .e., a 

hole fills with water and becomes a lake). To my knowledge, no 

stream, complete with surface and subsurface drainagei, has been 

restored by man after having been completely destroyed by mining. 

Therefore, restoration of semi-aquatic furbearer habitat after 

mining will not be an easy task. It is also possible, in view of 

the fact that the habitat requirements of semi-aquatic furbearers 

are not completely understood, that even if wetland reclamation 

efforts are successful in creating habitats that meet the criteria 

discussed above permanent use of these areas by semi-aquatic fur

bearers may not occur. 

In summary, proper soil and water conditions are of para

mount importance to the establishment of semi-aquatic furbearer 

populations; however, these conditions are very difficult and 

expensive to restore. In view of this, a management option for 

semi-aquatic furbearers is the prevention of development in major, 

and a selection of key secondary, watercourses and waterbodies; 

Further preventive measures to preserve subsurface flow patterns of 

streams are also necessary. Protection of lakes, streams and riparian 

habitats that are essential for the perpetuity of semi-aquatic fur

bearers can be achieved by identifying corridors along streams and 

around lakes In which no major development activities are allowed. 

The corridor widths would be determined on ecological and hydrological 

engineering bases. This option appears to be the only realistic 

solution to a potentially major impact on semi-aquatic furbearers in 

northeastern Alberta. 
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Appendix l. 	 Other mammals seen during aerial surveys, October 
1978. 

-----LEGEND ----

B - Black Bear 

w - Wolf 

WT - White-tailed Deer 

c - Caribou 

M - Moose 

m - male 

f - fema 1 e 

c - calf 
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Appendix 2. 	 Specific location of track-count surveys. The number 
following each waterbody name refers to locations in 
Part 2, Figure 4. Distances indicated along waterbodies 
are in 0.5 km segments. Distances and dates surveyed 
are identified on the individual maps. Tracks seen 
on each segment are presented in Appendix 3. 
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Appendix 3. 	 Animal tracks and beaver lodges recorded along 0.5 km 
intervals of streams and lakes in the AOSERP Study Area. 
Only those intervals in which tracks were noted are 1isted. 

Waterbody, Distance 
Trave lied and Number River 'Beaver Red Snowshoe 
of Track-nights Interval Hink Otter Lodge Wolf Coyote Weasel Squirrel Hare Deer Hoose 

Carne ron Creek 
0. 0-1.0 k"' 
0.5 track-nights 

o.o-0.5 
o. 5-1 .o 

2 
I 

Not 
Recorded 

Cameron Creek 
1.0-1.5 km 
0.5 track-nights 

0.0-0.5 Not 
Recorded 

Conn Creek 
0.0-2.0 km 
4.5 track-nights 

0. 0-0.5 
o. 5-1.0 
I. 0-1.5 
I. 5-2.0 

3 
I 
I 

47 
82 
83 

124 

Conn Creek 
2.0-5. 5 kr'l 
0.5 track-nights 

2.0-2.5 
3.0-3.5 
4.0-4.5 
5.0-5.5 

Not 
Recorded 

Conn Creek 
2.0-7.0 
4.5 track-nights 

2.0-2.5 
2.5-3.0 
3.0-3.5 
3.5-4.0 
4.5-5.0 
5.0-5.5 
5.5-G.o 
6.0-6.5 
6.5-7.0 

2 
2 
2 
I 
2 
2 

Not 
Recorded 

Conn Creek 
5.5-8.0 km 

5.5-6.o 
6.0-6.5 
6.5-7.0 
7.0-7.5 
7.5-8.0 

I, I a 
I 
I 2 

I 

24 
49 
24 
31 
37 

Conn Creek 
8.0-9.5 km 
I track-night 

8.0-8.5 
8.5-9.0 
9.0-9.5 

I 
2 

2 
I 
2 

28 
28 
50 

Dover River 
o.o-5.5 km 
2 track-nights 

o.o-o.s 
o. 5-1.0 
I. 0-1.5 
1.5-2.0 
2.0-2.5 
2.5-3.0 
3. o- 3. 5 
3.5-4.0 
4.0-4.5 
4.5-5.0 
5.0-5.5 

2 
I 

2 
I 
2 
2 

I 
7 
4 

II 
14 
9 
7 
7 
4 
3 
I 

Ells River 
0.0-12.0 km 
2 track-nights 

0.0-0.5 
o. 5-1.0 
I. 0-1.5 
1.5-2.0 
2.0-2.5 
2.5-3.0 
3. o- 3. 5 
3.5-4.o 
4.0-4.5 
4.5-5.0 2 

12 
18 
4 
6 
I 
6 
5 

16 
II 
10 

5 
I 

.•• continued 
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Appendix 3. Continued. 

Waterbody, Distance 
Travelled and Number River Beaver Red Snm... shoe 
of Track-nights Interval Hink Otter Lodge Wolf Coyote Weasel Squirrel Hare Deer Moose 

Gregoire Lake 
o.0-7.5 km 
I track-night 

Hangingstone River 
North of Highway 
o.o-4.5 km 
0.5 track-nights 

Hangingstone River 
North of Highway 
o.o-6.0 km 
4 track-nights 

Hangingstone River 
North of Highway 
6.5-13 km 
1.5 track-nights 

s.s-6.o 
6. o-6. 5 
6.5-7.0 
7.0-7.5 
7.5-8.0 
8.o-8.5 
8.5-9.0 
9.0-9.5 
9.5-10.0 

10.0-10.5 
I0. 5-11.0 
II. 0-11.5 
II. 5-12.0 

0.5-1.0 2 

I. 0-1.5 
I. 5-2.0 
2.0-2.5 
2.5-3.0 
3.0-3.5 
4.0-1,.5 
4. 5-5.0 

s.o-5.5 

s.s-6.o 

6.0-6. 5 

6.5-7.0 

].0-7.5 

0.0-0.5 
I. 0-1.5 

2.0-2.5 

4.0-4.5 


o.o-o.s 
0. 5-1.0 
I. S-2. 0 

2.0-2.5 

2.5-3.0 

3.0-3.5 

J.S-4.0 

4.0-4.5 

4.s-5.o 

5. o- s. 5 

s.5-6.o 


6.5-7.0 
7.0-7.5 
7.5-8.0 
8.0-8.5 
8.5-9.0 
9.0-9.5 
9.5-10.0 

10.0-10.5 
10.5-11.0 
II. 0-11.5 
II. 5-12.0 
12.0-12.5 
12.5-13.0 

I 

6 

4 

4 

4 

5 

2 

2 

3 

4 

3 

5 

5 


4 

I 0 

IS 

7 


12 

12 

7 

7 

9 


II 

6 

4 

3 


Not 

Recorded 


II 

8 


19 3 

7 

8 


13 

19 


3 8 

I 6 

4 7 


21 


8 

12 

13 

10 

13 

7 

7 

9 

3 

3 

2 

8 

7 2 
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Appendix 3. Continued. 

llaterbody, Distance 
Travelled and Number River Beaver Red Snowshoe 
of Track-nights Interval Mink Otter Lodge llol f Coyote Weasel Squirrel Hare Deer Moose 

Hang i ngstone River o.o-0.5 1 
South of Highway 
0. o-6. 5 km 

o. 5-1 .o 
1. 0-1.5 

2 
13 

0.5 track-nights 1. 5-2. o I 
2. 0-2. 5 
2.5-3.0 
3.0-3.5 
3.5-4.0 I 
4.0-4.5 2 
4.5-5.0 
5. o- 5. 5 
5.5-6.o 2 
6.0-6.5 1 

Hangingstone River 
South of Highway 

o.o-0.5 
0.5-1.0 

31 
26 

0.0-5.5 km 1. 0-1.5 20 
4 track-nights l. 5-2.0 

2. o- 2. 5 
4 
4 

11 
12 

2.5-3.0 5 13 
3.0-3.5 4 8 
3.5-4.0 4 17 
4.0-4.5 3 19 
4.5-5.0 3 10 
s. o-5. 5 3 30 

Hangingstone River o.o-0.5 34 
South of Ft. McMurray 
0.0-7.0 km 

0.5-l.O 
1. o- 1 . 5 

15 
31 

2.5 track-nights 1. 5-2.0 
2.0-2.5 

25 
20 

2.5-3.0 22 
3. o- 3. 5 14 
3.5-4.0 5 
4.0-4.5 9 2 
4.5-5.o 4 
5. o-5. 5 2 
5.5-6.0 20 
6.0-6.5 6 
6.5-7.0 3 

Hangingstone River 7.5-8.0 
South of Highway 
7.0-14.5 km 

9.0-9.5 
11 .5-12.0 Not 

0.5 track-nights 13.0-13.5 
13. 5-14. o 

2 
1 

Recorded 

14.0-14.5 

Horse River 
o.o-8.5 km 

o.o-o.5 
0.5-1.0 1 1 

2.5 track-nights 1. 0-l. 5 
1.5-2.0 

2 5 
3 

2. o- 2. 5 2 
3.5-4.0 
4.0-4.5 
4.5-5.0 2 2 

3 
1 

5.0-5.5 
5.5-6.0 

1" 1 
10 

6.0-6.5 7 
6.5-7.0 
7.0-7.5 

1 
2 

7 
6 

7.5-8.0 
s.o-8.5 

9 
2 

..• continued 
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Appendix 3. Concluded. 

liaterbody, Distance 
Travelled and Number River Beaver Red Snowshoe 
of Track-nights Interval Mink Otter Lodge \lolf Coyote Weasel Squirrel Hare Deer Moose 

lit t 1e Fishery River 
0.0-3.0 kn 
3.5 track-nights 

o.o-0.5 
0.5··1 .o 
1. 0-1.5 
1. 5-2.0 
2.0-2.5 
2. 5-3. o 

1 
1 
1 
2 

50 
46 
58 
85 
23 

Mackay River 
o.o-5.5 km 
1 track-night 

1. 0-1.5 
2.5-3.0 
3.5-4.0 
5.o-s.5 

Not 
Recorded 

North Steepbank River 
0.0-9.5 km 
3 track-nights 

0. 0-0.5 
0.5-1.0 
1. 0-1.5 
1. 5-2.0 
2.0-2.5 
2.5-3.0 
j.0-3.5 
3.5-4.0 
4.0-4.5 
4.5-5.0 

27 
46 
35 
24 
20 
27 
33 
38 
41 
48 

s.o-s.s 
s.5-6.o 
6.0-6.5 
6.5-7.0 
7.0-7.5 
7.5-8.0 
8.0-8.5 
8.5-9.0 
9.0-9.5 

2 

29 
20 
26 
38 
59 
79 
26 
40 
42 

Poplar Creek 
o.o-0.5 
1 track-night 

0. 0-0.5 

Saline Creek 
0.0-1.0 km 
3 track-nights 

0.0-0.5 
0. 5-1 .o 

6 
3 

37 
43 

Sap rae Creek 
0.0-3.5 km 
3 track-nights 

o. o-o. 5 
0. 5-1.0 
1 . 0-1. 5 
1.5-2.0 
2.0-2.5 
2.5-3.0 
3.0-3.5 

4 
3 
3 
1 
1 

6 
4 

19 
17 
6 

21 
15 

Surmont Creek 
0.0-1. 5 km 
1 track-night 

0.0-0.5 
0. 5-1.0 
1. 0-1.5 

3 
1 

31 
26 
10 

Unnamed Creek #2 
0.0-2.0 km 
0.5 track-nights 

o.o-0.5 
O.S-1.0 
1. 0-1.5 
1.5-2.0 

11 

13 
7 

a 
Inactive beaver lodge. 
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