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DANETTE SAHULKA 

FOOD HABITS AND NlGHTLY EMERGENCE ACTlVlTY IN A FAMILY OF 

BEAVER (Cas~canacjÉnS&) IN THE TAIGA OF SOUTHEASTERN MANITOBA 

ABSTRACT 

The yearly food habits and nightly emergence ê ctivity of a family of 

beavers (Castor canadensis) were studied from the spring of 1992 to the al1 of 

1993 in the taiga of Manitoba. In 1992 the adult female, the two yearling males 

and the yearling femaie of the beaver family were equipped with radio 

transmitters. In 1993 the adult female, one of the two-year old males and the 

two-year old female were re-equipped with radio transmitters. Detailed daily 

observations were made on the food selection, feeding site selection and time of 

nightly emergence for each of these beaver. 

The beaver family was observed to feed on nine main plant species 

including; Alnus ruciosa, Po~ulus tremuloides, Betula ~apvrifera, Cornus 

stolonifera, Pinus banksiana, Amelanchier alnifolia, Salix sm., Nu~har 

varieaatum and Zizania aauatica. Preferences for certain species and plant 

parts varied over the years and seasons suggesting that beaver may be 

op port unistic herbivores when the food su pply is diverse. Pinus banksiana buds 

and bark were consumed primarily in the spring during the growing leaf stage, 

and, when available. leaves were selected for over bark. The two aquatic 



species (Nu~har varieaatum and Zizania aquatica) were also observed to be 

utilized when avaiiable. 

No significant differences in food choice between the male and female 

beavers was found in this study. The beaver in this study also did not appear to 

be constrained by nutrient availability in the food they consumed. 

Feeding site selection did not appear to be influenced by tree density or 

the diameter of trees at a height of 20 cm from the ground. 

I found no correlation in this study between beaver emergence tirne from 

the lodge and weather conditions including air temperature. wind speed, wind 

direction, percent cloud cover and precipitation. A relationship was revealed 

between emergence time and time of sunset. As well, observed differences in 

nightly emergence tirne by the beaver family members was not found to be 

statistically significant. 
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CHAPTER 1 : INTRODUCTION, LITERATURE REVIEW AND STUDY AREA 



INTRODUCTION 

The North Arnen'can beaver (Castor canadensiq is a semi-aquatic, mainly 

noctumal mammal and is strictly herbivorous (Seton 1909). Beaver families or 

colonies typically consist of a mated adult pair, yearlings and the kits which are 

the young of the year (Seton 1909, Anonymous 1950. Anonymous 1978). 

The beaver is mainly a monogamist, however this may not always be so. 

The mating season is in February to March with a gestation period of three 

months. On average three to four kits are bom in late May or early June (Seton 

1909, Anonymous 1950, Anonymous 1978). At the age of one month kits begin 

to eat solid food which is brought into the lodge by other family members. At six 

weeks of age the kits are weaned but they stay with their farnily usually up until 

their second summer at which tirne they often disperse to establish new colonies 

(Seton 1909, Anonymous 1950, Anonymous 1978). 

Beavers may inhabit lodges or bank burrows. They spend their time in 

caring for the kits, foraging for food, lodge and/or dam construction and 

maintenance, and in play. Their iife span may be as long as 12-1 5 years (Seton 

1909, Anonymous 1950, Anonymous 1978). 

Beavers have been observed to feed on a wide variety of plant species 

including deciduous species such as Maple ( Acer SPD.) (Brenner 1962, Jenkins 

1 979). Dogwood (Cornus stolmifera) (Belovsky 1984). Birch (Be'- see.) (lngie- 

Sidorowicz 1982, Belovsky 19&1), Alder (Alnus s m )  (Belovsky 1984) and 

coniferous species such as pines (Pinus sm.) (Chabreck 1958, Wheatley 1994). 



As well, beavers will consume aquatic plant species such as Yellow water lily 

(Nu~har varieaatum) and Wld rice (Zizania aauatica) (Aleksiuk 1970, Pils 1983). 

However. rnost obseivers list Trembling aspen (Po~ulus tremuloides) and Willow 

(Salix sm.) as the preferred choices of food by beavers (Seton 1909, Green 

1936, Anonymous 1950, Hall 1960, Brenner 1962, Aleksiuk 1970. Ingle- 

Sidorowicz 1982, Pils 1983, Beier and Barrett 1987, and Masslich et al 1988). 

In areas of continuous ice cover over winter, beavers will constnict food 

caches near the lodge. During winter months beaver movement is restncted 

under the ice generally to trips to the food cache (Seton 1909. Anonymous 1950, 

Anonymous 1978). 

Historically, beavers have played important economic, cultural and 

ecological roles in North America and continue to do so to date. Beavers have 

been commercially harvested for their pelts for over four centuries (Anonymous 

1950. Naiman et al 1988). The expansion of European settlement in North 

Arnerica was largely driven by the punuit for beaver pelts (Bergstrom 1985). 

Today. beaver trapping still provides income for a large number of northern 

peoples. 

Beavers also played significant roles in the cultures of many aboriginal 

peoples. Some North Amencan tribes had strong aversions to the hunting of 

beaver as they recognized the important ecological roles beaver play in 

maintaining aquatic ecosystems (Morgan 1 99 1). 

Ecologically, beavers play key roles in regulating ecosystems (Ermer 

1984, Bergstrom 1985, Naiman et ai 1988). Beaver dams slow water. sediment 



and organic matter movement in watersheds. This in tum acts to increase 

groundwater recharge rates, increases plant community composition and 

diversity, affects nutrient cycling and decomposition rates and provides 

invaluable wildlife habitat to a diverse number of waterfowl, mammals, birds, 

reptiles, amphibians and fish (Hodgdon and Hunt 1953, Stegeman 1954, Emer 

1984, Bergstrom 1985, Nairren et al 1988). As well, beavers also create 

important recreational and aesthetic sites (Naiman et al 1988). 

In the past beavers have not only been exploited by fur traders, but they 

have also been utilized by forest and wildiife managers. In the 1930's and 

1940's beaver were utilized in the western United States to build dams to control 

stream flow and soi1 erosion. In the late 970's beavers were used in Idaho, 

Montana and Woming to improve riparian habitat for cattle grazing and for fish 

and wildlife needs (Bergstrom 7985). 

Beaver populations of pre-European arrivai in North America were 

estimated to be between 60-400 million individuals with a geographic range of 

about 5 million km2. By 1900 the beaver population was almost extinct in North 

America due to over-trapping and habitat loss (Bergstrom 1985, Naiman et al 

1 988). 

Today, due to the reduction of predators, regulated trapping and plentiful 

habitat, beaver populations have increased to a level between 6-1 2 million 

individuals, to a point where beaver-hurnan confiicts are on the rise (Naiman et al 

1988). As a result, irnproved management techniques are required to deal with 

"nuisancen beavers. Therefore, the more information we have on beaver habitat 



requirements and behaviour, the better we can make appropriate management 

decisions not only for the beaver but also for the watersheds, wildlife and 

vegetation associated with beaver activity. 

In Canada however, research on this important furbearing mammal is 

limited, especially in the boreal forest region. Studies in Canada have been 

conducted by such researchers as Green (1936) on the general ecology of 

beaver, Miller (1 964) on the use of colored ear tags, Bovet and Oertli (1 974) and 

Potvin and Bovet (1975) on circadian rhythm in beavers, Aleksiuk (1968, 1970, 

1977) on scent communication and territory and food regimes, Aleksiuk and 

Cowan (1969 a, b) on winter energy expenditure in beaver, Bergenid and Miller 

(1 977) on population dynarnics in beaver, Novak (1 977) on the size and 

composition of beaver families, Slough (1978) on food cache structure, Ingle- 

Sidorowicz (1982) on population dynarnics and food selection, Payne (1982) on 

colony structure, Wheatley (1 989 and 1 994) on behaviour, ecology and habitat 

use, Dyck (1991) on thermal energetics, Fryxell and Doucet (1991) on central- 

place foraging and Fryxell (1 992) on habitat use. As well, general information 

pamphlets on beavers have been published by governmental agencies such as 

the Canadian Wildlife Service (1 978). However, further information into habitat 

use and requirements as well as general behaviour of beavers is required for the 

implementation of proper management programs. 

This study was undertaken to obtain information on beaver food habitats 

and evening emergence behaviour in the southeastem boreal forest of Manitoba; 



and factors influencing feeding site selections and nightiy ernergence from the 

lodge. 



LITERATURE REVIEW 

FOOD HABITS 

Most of the papers published in the literature on beaver have a section 

devoted to food choice in terrns of species and plant parts selected by beaver 

(Seton 1909, Green 1936, Bradt 1938, Anonymous 1950, Haseltine 1950, 

Hodgdon and Hunt 1953, Chabreck 1958, Hall 1960, Brenner 1962, Aleksiuk 

1970 and 1977, Slough 1978, Hall 1972, Jenkins 1979, Jenkins 1981, Ingle- 

Sidorowicz 1982, Pils 1983, Belovsky 1984, Beier and Barrett 1987, Masslich et 

al 1 988, and Wheatley 1 994). 

More recent studies have looked at the foraging behaviour of beaver in 

ternis of species present, diameter and distance from the water's edge but only 

for feeding sites (Jenkins 1975, 1979 and 1980, Busher et al 1983. Belovsky 

1984, McGinely and Whitman 1985, Fryxell and Doucet 1991, and Fryxell 1992). 

Studies looking at why beaver choose certain feeding sites over others is 

essentially lacking with only one study conducted by Masslich et al (1 988) on 

differences between sites used by beaver for feeding and control sites in terms 

of aspen age class, sturnp density and diameter. 

Other areas involving food habits have included studies on how beaver 

affect the environment in terms of beaver impacts on vegetation and watersheds 

(Ingle-Sidorowicz 1982, Bergstrom 1985, Beier and Barrett 1987, and Naiman et 

al 1988), habitat use along strearns (Beier and Barrett 1987) and bogs (Rebertus 

1986), winter food cache structure (Novakowski 1967, Aleksiuk 1970, and 



Slough 1 W8), and difierences in food selection between beaver colonies 

(Jenkins 1 975). 

Studies on the nutritional value of foods eaten by beaver has been Iimited 

to a few studies by Masslich et al (1 988) and Wheatley (1994). As well, while 

researchers such as Brenner (1 962) and Jenkins (1 980) have discussed the fact 

that beaver may select certain species at particular sites based on nutritional 

values no studies have been conducted to prove or disprove this idea. Doucet 

and Bal1 (1994) have studied the digestibility of foods eaten by beaver. Studies 

have also been conducted on food selection by beavers of tree species which 

produce chernical defensive compounds (Basey et al 1990, and Muller-Schwarze 

et al 1994). 

One study was also conducted by Stegeman (1954) on the growth rates 

of aspen and use by beaver. He also looked at food availability per tree for 

aspens of varying diameter at breast height (dbh) classes. 

NOCTURNAL HABITS 

Studies on nightly emergence times from the lodge are essentially lacking 

in the literature. Seton (1 909) was one of the first naturalists to wnte that 

beavers were mainly nocturnal in habit. Other authors who have also reported 

this fact include (Green 1936, Schramm 1968, and the Canadian Wildlife Service 

1 978). 



Studies have been conducted by Schramm (1968) and Brady and 

Svendsen (1 981) on the order of family member emergence from the lodge. 

Wheatley (1989) looked at Iive trapping success in relation to moon phase. 



STUDY AREA 

This study was conducted from the Taïga Biological Station (TBS) about 

1 -5 km north of Wallace Lake at 51002'40" N latitude. 95020'40" W longitude in 

southeastem Manitoba, 250 km northeast of Winnipeg in the southwestern part 

of the Canadian Shield (Figure 1). The lake is bordered by granite ridges and 

nurnerous bogs and beaver ponds. The main study area was along the 

northwestern shore of Wallace Lake including the Twin Bays, Cave Lodge Bay, 

Gatlan Bay, and Woden Island areas of the lake (Figure 2). 

The vegetation in the region is typical of the Boreal Forest and has been 

subjected to several forest fires in the past 25 years. Bumt areas support a 

regrowth of Jackpine (Pinus banksiana), some Trembling Aspen (Populus 

trernuloides), w l h  an understory of lichens, various mosses and vascular plants 

including Blueberry (Vaccinium see), Bear Berry (Arctostaohvlos uva-ursi), Wild 

Lily of the Valley, (Maianthemum canadense) and Bunchberry (Cornus 

canadensis) along dry, upland areas (Zoladeski et al 1995). Bogs are dominated 

by Black Spruce (Picea mariana) and an understory of Labrador Tea (Ledum 

groenlandicum), Bog Laurel (Kalmia oolifolia), Bog Rosemary (Andromeda 

polifolia) and S~haanum mosses (Zoladeski et al 1995). Trembling Aspen 

(Po~ulus tremuloides), Alder (Alnus crispa), Paper Birch (Betula papvrifera) and 

Willow (Salix SDP.) predominate along the lake shore. 

Climatically, Wallace Lake is within the mid-continental boreal forest zone 

(Pruitt 1978). The temperatures in the area range from a summer high of +35 OC 



to -40 OC in the winter with a yearly rnean temperature of +1.3 OC (Environment 

Canada 1990). Average precipitation for the area is 564.9 mm; 145.2 mm as 

snowfall and 428.8 mm as rainfall. Snowfall may occur as early as October with 

a continuous cover lasting until mid April to mid May. Ice cover is continuous in 

the winter with freeze-up beginning in late October or eariy November, and 

spring thaw occumng in late April or early May (Environment Canada 1990). 



Wallace Lake 
Lat. SOO 02' Long. 95' 20' 

Figure 1: Location of study area in Manitoba. 

Scale in Kilometers 



Figure 2: Universal Transverse Mercator (UTM) grid map depicüng the study 
area along the North shore of Wallace Lake. 

Note: Each grid square = 100 x 100 m 
X denotes the location of lodges used by the beaver in this 
stud y: 
X 1 - Twin Bays Lodge X 3 - Bog Lodge 
X 2 - Cave Lodge X 4 - Gatlan Lodge 



Aleksiuk, M. 1968. Sœnt-mound communication, territoriality and population 
regulation in beaver (Castar canadensis). Journal of Marnmalogy. 49(4): 
759-762. 

Aleksiuk, M. and Cowan, 1. M. 1969a. Aspects of seasonal energy 
expenditure in the beaver (Castorcanadensis) at the northem limit of its 
distribution. Canadian Journal of Zoology. 47(4): 471 481. 

Aleksiuk. M. and Cowan, 1. M. 1969b. The winter metabolic depression in 
arctic beavers (Caslm canaakn5is) with cornparison to California beavers. 
Canadian Journal of Zoology. 47(4): 471 481. 

Aleksiuk, M. 1970. The seasonal food regime of arctic beavers. Ecology. 
5 1 (2) : 264-270. 

Aleksiuk, M. 1977. Diets (natural and synthetic): Castoridae. h: M. Recheigl, 
Jr. (Ed.) Diets for Mammals. Vol. 1. CRC Press, Cleveland. pp. 89- 
92. 

Anonyrnous. 1950. Beaver. New York State Conservationist. pp. 4-5. 

Anonymous. 1978. Canadian Wildlife Service. Hinterland Who's Who - The 
Beaver. Fisheries and Environment Canada, Ottawa. 3pp. 

Basey, J. M., Jenkins, S. H. and Miller, G. C. 1990. Food selection by beavers 
in relation to inducible defences of Popuks tremufbides. Oikos. 59: 57-62. 

Belovsky, GE. 1984. Summer diet optirnization by beaver. American Midland 
Naturalist. 11 l(2): 209-222. 

Bergenid, A. T. and Miller, D. R. 1977. Population dynamics of Newfoundland 
beaver. Canadian Journal of Zoology. 55: 1480-1492. 

Bergstrom, D. 1985. Beavers: biologists "rediscover" a natural resource. In: 
Forestry Research West, USDA Forest Service. pp. 1-5. 

Bovet, J. and Oertli, E. F. 1974. Free running circadian activity rhythms in free- 
living beaver (&sur canadensis). Journal of Comparative P hysiology . 
92: 1-10, 



Bradt, G. W. 1938. A study of beaver colonies in Michigan. Joumal of 
Mammalogy. 19(2): 139-1 62. 

Brady, C. A. and Svendsen, G. E. 1981. Social Behavior in a family of beaver, 
C ~ S W  canucknsis. Biology of Behavior. 6: 99-1 14. 

Beier, P. and Barrett, R. H. 1987. Beaver habitat use and impact in Tmckee 
River Basin, California. Joumal of Wildlife Management 51 (4): 794-799. 

Brenner, F. J. 1962. Foods consumed by beavers in Crawford County, 
Pennsylvania. Joumal of Wldlife Management. 26(1): 1 04-1 07. 

Busher, P. E., Wamer, R. J. and Jenkins, S. H. 1983. Foraging behavior of 
beaven (Castor canadensis) in North Dakota. Journal of Mammalogy. 
64(2): 317-318. 

Chabreck, R. H. 1958. Beaver-forest relationships in St. Tamrny Parish, 
Louisiana. Joumal of Wildlife Management. 22: 179-1 83. 

Doucet, C. M. and Ball, J. P. 1994. Analysis of digestion data: apparent and 
true digestabilities of food eaten by beavers. American Midland 
Naturalist. 132: 239-247. 

Dyck, A. P. 1991. Bioenergetics and thermoregulation of beavers (CkstBr 
c~fnadensis). M.Sc. Thesis. University of Manitoba, Winnipeg, Manitoba. 

9 1 ~ ~ -  

Environment Canada, Weather Services. 1990. Canadian Climate Data for 
Bisseff. MB. 

Ermer, €.M. 1984. Analysis of benefits and management cost associated with 
beaver in western New York. New York Fish and Game Journal. 
31(2): 19-132. 

Fryxell, J. M. and Doucet, C. M. 1991. Provisioning time and central-place 
foraging in beavers. Canadian Joumal of Zoology. 69: 1 308-1 31 3. 

Fryxell, J. M. 1992. Space use by beaver in relation to resource abundance. 
Okios. 64: 474-478. 

Green, H. U. 1936. The beaver of the Riding Mountain, Manitoba. Canadian 
Field-Naturalist. Vol. L(1): 1 -92. 

Hall, A. M. 1972. Beaver and the beaver eaters. Ontario Naturalist. 10: 14-1 8. 



Hall, J. G. 1960. Willow and aspen in the ecology of beaver of Sagehen Creek. 
California. Ecology. 41 : 484494. 

Haseltine, F. T. 1950. A study of beaver colony compostion and woody plant 
utilization on two streams in Penobscot County, Maine. MSc. Thesis. 
University of Maine, Orono, Maine. 83pp. 

Hodgdon, N. W. and Hunt, H. H. 1953. Beaver Manaqement in Maine. State of 
Maine Department of lnland Fisheries and Game. 102pp. 

Ingle-Sidorowicz, H. M. 1982. Beaver increase in Ontario. Result of changing 
environment. Mammalia. 46(2): 1 07-1 15. 

Jenkins, S. H. 1975. Food selection by beavers, a multidimensional 
contingency table analysis. Oecologia. 21 : 157-1 73. 

Jenkins, S. H. 1979. Seasonal and year to year differences in food selection by 
beavers. Oecologia. 44: 1 12-1 16. 

Jenkins, S. H. 1981. Problems, progress and prospects in studies of food 
selection by beavers. Proceedings of the Worldwide Furbearer 
Conference. 1 : 559-579- 

Masslich, W. J., Brotherson, J. D. and Cates, R. G. 1988. Relationships of 
aspen (Popukk tremuI(oi(iés) to foraging patterns of beaver (Ca5fm 
canadénsis) in the Strawberry Valley of central Utah. Great Basin 
Naturalist. 48(2): 250-262. 

McGinely, M. A. and Whitham, T. G. 1985. Central place foraging by beavers 
(Gtsf;~rcanadensis): a test of foraging predictions and the impact of 
selective feeding on the growth fom of cottonwoods (Popuhs fernonfi!). 
Oecologia. 66: 558-562. 

Miller, D. R. 1964. Colored plastic ear markers for beavers. Journal of 
Wildlife Management 28(4): 859-861. 

Morgan, R. G. 1991. Beaver ecology/beaver mythology. MSc Thesis. 
University of Alberta, Edmonton, Alberta. 292pp. 

Muller-Schwarze, D., Schulte, B. A., Sun, Lixing., Muller-Schwarze, A., and 
Muller-Schwarre, C. 1 994. Red Maple @ter mbrum) inhibits feeding by 
beaver (Castor canadensis). Journal of Chernical Ecology. 20(8): 2021 - 
2034. 



Naiman, R. J., Johnston, C. A. and Kelley, J. C. 1988. Alteration of North 
Amencan streams by beaver. Bioscience. 38(11): 753-762. 

Novak, M. 1977. Determining the average size and composition of beaver 
families. Journal of Wildlife Management. 41 (4): 751 -754. 

Novakowski, N. S. 1967. The winter bioenergetics of a beaver population in 
northem latitudes. Canadian Joumal of Zoology. 45: 1 107-1 1 18. 

Payne, N. F. 1982. Colony size, age and sex structure of Newfoundland 
beaver. Journal of Wildlife Management. 46(3): 655-661. 

Pils. C. M. 1983. The Beaver. Wisconsin Department of Natural Resources, 
Bureau of Wildlife Management. 2pp. 

Potvin, C. L. and Bovet, J. 1975. Annual cycle of patterns of activity rhythms in 
beaver colonies. Joumal of Comparative Physiology. 98: 243-256. 

Pniitt, W. O. Jr. 1978. Boreal Ecologv. University of London, lnstitute of 
Biology Studies in biology no. 91. E. Arnold Press. London. 73pp. 

Rebertus, A. J. 1986. Bogs as beaver habitat in North-Central Minnesota. 
American Midland Naturalist. 1 l6(2): 240-245. 

Schramm, DL. 1968. A field study of beaver behaviour in East Barnard, 
Vermont. MSc. Thesis. Dartmouth College, Hanover, New Hampshire. 

Seton, E. T. 1909. Life - Histories of Northern Anirnals: Charles Scribner and 
Sons. New York. Volume 1,673 pp. Reprint in 1974 by Arno Press. 
New York, N. Y. 673 pp. 

Slough, B. G. 1978. Beaver food cache structure and utilization. Journal of 
Wildlife Management. 42(3): 644-646. 

Stegeman, L. C. 1954. The production of aspen and its utilization by beaver on 
the Huntington Forest. Journal of Wildlife Management. 18(3): 348-358. 

Wheatley, M. 1989. Biology of beaver (Castorcanadensis) in the Taiga of 
Southeastern Manitoba. M.Sc. Thesis. University of Manitoba, Winnipeg, 
Manitoba. 167pp. 

Wheatley, M. 1994. Boreal beavers (Castor canahsis): home range, 
territoriality, food habits, and genetics of a midcontinent population. 
Ph.D. Thesis. University of Manitoba, Winnipeg, Manitoba. 349pp. 



Zoladeski, C.A., Wickware, G.M., Delorme, R.J., Sims, R.A. and Corns, I.G.W. 
1995. Forest Ecosvstem Classification for Manitoba Field Guide. Special 
Report 2. UBC Press, University of British Columbia. 205pp. 



CHAPTER 2: FOOD SELECTION BY BEAVER AND 

NUTRIENT ANALYSE OF SELECTED FOODS 



ABSTRACT 

The beaver family was observed to feed on nine main plant species 

including; Alnus ruaosa, Populus tremuloides, Betula pawrifera, Cornus 

stolonifera, Pinus banksiana, Amelanchier alnifolia, Salix sm., Nu~har  

varieaatum and Zizania asuatica during 1992 and 1993. Preferences for certain 

species and plant parts varied over the years and seasons, suggesting that 

beaver may be opportunistic herbivores when the food supply is diverse, 

choosing those species which meet their energy and nutritional requirements at 

a particular time. Pinus banksiana buds and bark were consumed prirnafily in 

the spring during the growing leaf stage, and when available leaves were 

selected for over bark. The h o  aquatic species (Nuphar varieaatum and Zizania 

aouatica) were also observed to be utilized when available. Nutrient levels were 

found to be a probable factor influencing food selection by beaver. 

No significant dofierences in food choice between the male and female 

beavers was found in this study. 

The beaver in this study also did not appear to be constrained by nutrient 

availability in the food they consumed. 



INTRODUCTION 

Beavers (Castor canadensis) are strictly herbivorous in food habit and 

have been described as being "choosy generalistsn (Harper 1969, in Jenkins 

1981) and 'opportunistic herbivoresn (Jenkins 1981), "capable of subsisting on 

practically every species imaginable '(Hall 1972). Diet preferences by the 

beaver Vary both seasonally and yearly in ternis of plant species and vegetative 

part (Seton t9O9, Green 1936, Bradt 1938, Anonyrnous 1950, Haseltine 1950, 

Hodgdon and Hunt 1953, Chabreck 1958, Hall 1960, Brenner 1962, Aleksiuk 

1970 & 1977, Slough 1978, Hall 1972, Jenkins 1979, Jenkins 1981, Ingle- 

Sidorowicz 1982, Pils 1983, Belovsky 1984, Beier and Barrett 1987, Masslich et 

al 1988, Wheatley 1994). 

In northern climates once spring thaw is completed, beaver feed upon the 

bark and developing buds of deciduous and some coniferous tree species 

(Green 1936, Hall 1960, Aleksiuk 1970 & 1977, Jenkins 1981, Wheatley 1994). 

Later, during the summer months their food preferences favor growing shoot tips 

and leaves of trees as well as the leaves and roots of sorne herbaceous and 

aquatic species (Seton 1909, Green 1936, Hodgdon and Hunt 1953, Chabreck 

1958, Hall 1972, Brenner 1962, Jenkins 1979, Ingle-Sidorowicz 1982, Pils 1983, 

Belovsky 1984, Wheatley 1994). In the fall, beaver switch back to bark as leaves 

are shed from trees. Beaver also begin to store a winter food cache consisting 

of a raft of branches near their lodge for use once ice cover on ponds, lakes and 



streams is continuous throughout the winter season (Green 1936, Anonymous 

1950, Aleksiuk 1970, Slough 1978, Jenkins 1979, Pils 1983). 

Plant species utilized by beaver are widely cited in the literature and 

include a broad vanety of both deciduous and coniferous species. Beaver have 

been reported to consume such species as Lobolly pine (Pinus taeda), 

Sweetgum (Liquidambar stvraciflua) (Chabreck 1 958), lronwood (Carninus 

caroliniana), Ash (Fraxinus amencana) (Jenkins 1979). Maple (A_- s w -  .) 

(Brenner 1962, Jenkins 1979), Poplar ( Po~ulus s p ~ )  (Aleksiuk 1970, Pils 1983), 

Jackpine (Pin us banksiana) (Wheatley 1994), Alder (Alnus ruaosa), Dogwood 

(Cornus stolonifera) (Belovsky 1 984), Birch (Betula sm.) (1 ng IeSidorowicz 1 982, 

Belovsky, 1984) as well as herbaceous and aquatic species including Sawgrass 

(Cladium jamaicense) (Chabreck 1958), Sedges (Carex see.) (Pils 1983). 

Bluebeny (Vaccinium SDD.) (Jenkins 1979), and Water Mies (Castilia odorata and 

Nu~har varieaatum) (Aleksiuk 1970, Pils 1983). However, by far the most 

frequently cited plant species utilized by beaver are Trembling aspen (Poplus 

tremuloides) and Willow (Salix sm.) (Seton 1909, Green 1936, Anonymous 

1950, Hall 1960, Brenner 1962. Aleksiuk IWO, Ingle-Sidorowicz 1982, Pils 1983, 

Beier and Barrett 1987, Masslich et al 1988, Wheatley 1994). 

Jenkins (1 975) suggested that food selectivity may be related to differing 

nutritional and chernical values between sites. However, studies on the effects 

of nutnent concentrations in plant species as a factor infiuencing food selection 

by beaver are lirnited. Aleksiuk (1 970). Jenkins (1 975) and Masslich et al (1 988) 

have conducted some research on this topic. More recently Wheatley (1994) 



examineci the nutrient content of plants utilized by boreal beavers but her 

examination only wvered three plant species. 

This study was conducted to provide further insight into some of the 

factors that define beaver food habits in the boreal forest including plant species 

and vegetative part selection, nutritional values of plants utilized by beavers, and 

yearly and seasonal changes in food choie. 



METHODS 

TRACKING 

The beaver family inhabiting lodges in the Twin Bays and Cave Lodge 

Bay areas of Wallace Lake were tracked daily from May 1992 to October 1993 

as they moved throughout the study area. Beavers were located during their 

evening activdy periods through the use of radio telemetry equipment and visual 

observations. Observations on food choices and location of feeding sites were 

made for each family member of the beaver colony. 

When I began my field work in May 1992 the beaver farnily was inhabiting 

a lodge in Twin Bays and was already equipped with radio transmitters implanted 

intraperitoneally during Michelle Wheatley's study (Wheatley 1994). Each 

transrnitter had a specific frequency and a life span of up to two years. The 

family group at this time consisted of five members; an adult male, an adult 

female, two yearling males, and a yearling female. 

Signals from the beavers' radio transmitters were received using an H - 

shaped Yagi antenna and a 24 channel radio receiver box (VVddlife Materials 

Inc.). Each beaver was also equipped wlh uniquely numbered rnetal ear tags 

(Monel, number 3) to which colored pieces of polyvinyl plastic were attached 

(Miller, 1964) to enable me to identify each beaver visually as well. Both the 

colored ear tags and the radio transmitters had limited Iife spans, after which 

beavers could only be identified by live trapping them and reading the numbered 



metal ear tags. This neœssitated the re-trapping and re-equipping of the beaver 

with more than one radio transmitter. 

Beavers were monitored from 16:OO to 07:OO hours with most of the 

nightly observations recorded between the hours of 16:OO and 23:OO hours. 

Beavers were tracked throughout the study area from a 16 foot freighter canoe. 

I followed the beaver around as they moved throughout the study area. anchored 

the canoe approximately 30-40 m away from the beaver, and with the use of 

binoculars, visual observations of the beavers' activities (i.e.: patrolling, feeding, 

lodge maintenance, etc.) were recorded. One minute of observation was 

wnsidered to be one observation. I attempted to locate each colony member at 

least once during each monitoring period. A particular beaver would be 

rnonitored from 1 minute up to 30 minutes at a time. I attempted to remain as 

inconspicuous as possible during each monitoring period to ensure that the 

beavers' activities were not influenced by my presence. 

Each beaver's location was recorded for an observation point on a 

1 :25,000 scale air photo that was enlarged to a 100 x 70 cm map size. 

Superimposed on this map was a Universal Transverse Mercator (UTM) grid with 

a 10 m accuracy. Beaver activity was also recorded at that moment in a field 

notebook. The data from the UTM map were subsequently transcribed to paper 

to deterrnine the locations of feeding sites utilized by the beaver family. The 

same procedure was followed throug hout both field seasons. 



FOOD HABITS 

Food Selection 

During daily observations of the beaver colony in 1992 and 1993. visual 

observations by binoculars were made of what the beaver were feeding on 

during daylight periods. When darkness set in I would wait until the beaver had 

finished feeding at a site and then approach the site and pick up the left-over 

branches to determine what the beaver had consumed. I recorded what plant 

species the beavers were feeding on, as well as what part of the plant they 

consumed including bark, leaves, or leaves and petioles for trees and shrubs. 

and stems, sternsAeaves or roots for aquatic species. This provided me with a 

baseline of food selection by the beavers from spring through to the fall. I 

determined from observations of food selection that the following nine main plant 

species made up the bulk of these beavers' diets on Wallace Lake: Alder (Alnus 

rugosa), Trembling Aspen (Po~ulus tremuloides), Paper Birch (Betula 

paovrifera), Red-osier Dogwood (Cornus stolonifera), Jackpine (Pinus 

banksiana), Saskatoon (Amelanchier alnifolia), Willow (Salix s ~ D . ) ~  wild Rice 

(Zizania aauatica), and Yellow Water Lily (Nuphar varieaatum). 

Note that the generic narnes of these plant species will be used 

throughout the remainder of this thesis. 

Nutrient Analysis 

In 1993 vegetation samples of these species were collected to determine 

whether nutrient content influences food selection by the beaver colony. 



Samples were collected every 3-5 weeks to ensure that plants were sampled at 

each developmental stage including growing leaf (unfurling and small leaf), 

mature growth and senescence (Kenkel 1992). Sampling began on May 4 wÏth 

subsequent sampling taking place on May 13, June 5, July 2, July 13, August 14, 

September 14, and ending on October 2. A half pound of bark, leaves, and 

leaves plus petioles were collected during each sampling period for Alnus, 

Po~ulus. Betula, Cornus, Amelanchier and Salix. Pinus bark and needles were 

also collected at most of the sampling times and buds were collected during the 

May 4 - July 2 sampling dates. Nu~har  and Zizania stems and leaves were also 

collected during the July 2 - October 2 dates. All collections were dependent 

upon plant growth. 

Sample sites for plant collection were chosen based on feeding sites used 

by the beaver family. The beaven typically fed on plant species at specific sites 

around the lake. Five to ten saplings or small trees and two to three aquatic 

plants were collected from each site dun'ng one sampling period. Trees which 

were at a similar stage of leaf growth were sampled. A sub-sample of each of 

the vegetative parts (bark, leaves etc.) were collected from each saplingftree or 

aquatic plant. Sub-samples were then combined to create one composite 

sample for each vegetative part for each species, and then placed in a plastic 

bag and kept frozen until it was analyzed for nutrient content. 

The vegetative samples were analyzed for various macro and trace 

nutrients by Nor-West Labs Inc., Agricultural Service Complex on the University 

of Manitoba campus. Firstly, the dry matter was detemined as a percentage of 



the fresh, frozen material. The concentrations of the following minerals were 

then determined as either percent (%) or parts per million (pprn) per 100 g of dry 

matter from each sample: crude protein (%), sulphur (%), zinc (pprn), 

phosphorous (%), manganese (pprn), iron (pprn), magnesium (%), calcium (%). 

copper (ppm), sodium (%) and potassium (%). To standardize al1 of the minerals 

to a common measure, minerals that were reported in pprn were converted to 

percent where 10,000 pprn = 1 %. 



RESULTS 

NUTRIENT ANALYSE 

Descriptions of the nutrient analysis are based upon the nine main plant 

species consurned by the beaver famiiy in 1992 and 1993 including Alnus, 

Populus, Betula, Comus , Pinus, Amelanchier, Salix., Zizania and Nu~har. 

Initial results of nutrient levels in leaves and leaves plus petioles were 

very similar, therefore the nutrient values for these two plant parts were 

averaged and are listed under the heading of 'leaves". 

Nutrient Content During the Growing Leaf Stage (May - June) 

Cnide Protein 

Cnide protein levels were much lower (68-82%) in the bark than in the 

leaves for al1 of the tree species (Figure 1). As well, crude protein levels in Pinus 

buds were lower than levels observed for the leaves of the deciduous species 

but higher than levels observed in the bark. 

Cnide protein levels were fairly similar in ail of the species for both bark 

and leaves with Amelanchier having slightly lower levels in the leaves. 

Macro Elements 

Calcium and sodium levels were found to be higher in the bark compared 

to the leaves of the 7 tree species sarnpled with the exception of Comus and 

Po~ulus species respectively (Figures 2. 6). Magnesium, phosphorus, 



potassium and sulphur (exœpt Alnus) levels were found to be lower in the bark 

compared to the leaves while sodium levels were similar in both bark and leaves 

in al1 7 tree species (Figures 3,4, 5, 7). 

Pinus buds were found to have low levels of magnesium and sulphur, 

similar to levels of these nutrients observed in the bark (Figures 3, 7). In 

addition, Pinus buds were observed to have very low levels of calcium (Figure 2). 

Moderate levels of phosphorus and potassium were found in Pinus buds 

whereas the Ievels of these two nutrients were lower than those levels obsenred 

in the leaves but higher than those levels observed in the bark of the tree 

species (Figures 4, 5). As well, Pinus buds were observed to have very high 

sodium levels (Figure 6). 

Bark macro element levels between species were found to be sirnilar for 

magnesiurn, phosphorus, potassium, sodium and sulphur, however, levels were 

variable between species for calcium (Figures 2, 3, 4, 5, 6, 7). Macro element 

levels in the leaves were similar between species for magnesium, phosphorus, 

potassium and sulphur while calcium and sodium levels in the leaves were 

variable between species (Figures 2, 3,4,  5, 6, 7). 
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Figure 7: Sulphur levels (%) for the plant species and plant parts sampled during 
the growing leaf stage (May - June) of 1993. 



Trace EIements 

Levels of trace elements including zinc, manganese, iron and copper were 

variable between bark and leaves. Zinc levels were lower in the bark than in the 

leaves for Alnus and Cornus while the rest of the species had higher zinc levels 

in the bark (Figure 8). Manganese and iron levels were higher in Salix bark 

compared to its leaves while the remaining species had manganese and iron 

levels that were lower than or similar to levels in the bark (Figures 9, 10). 

Copper levels were lower in the bark than in the leaves for al1 of the tree species 

with the exception of Amelanchier which had higher levels in the leaves (Figure 

11). 

Pinus buds had low levels of iron similar to levels observed in the bark of 

the deciduous tree species, and moderate levels of zinc, manganese and 

copper, whereby levels were higher than in the bark but lower than in the leaves 

of the deciduous tree species. 

Levels of manganese and iron were variable in the bark between species 

while copper levels were similar between species (Figures 9, 10). Moreover, 

levels of manganese, iron and copper were variable in the leaves between 

species (Figures 9, 1 0,  1 1). 

Potassium : Sodium Ratio 

Overall, the bark of the tree species had much lower potassium:sodium 

ratios than did the leaves especially in the case of Amelanchier and Salix 

(Figure 12). Pinus buds had a lower ratio similar to that observed for the bark at 

1 :70. Ratios in the bark were fairly similar, ranging between 1 :30 and 1 :50 with 
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Figure 8: Zinc levels (%) for the plant species and plant parts sampled during 
the growing leaf stage (May - June) of 1993. 
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Figure 9: Manganese levels (%) for the plant species and plant parts sampled during 
the growing leaf stage (May - June) of 1993. 
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Figure 10: lron levels (%) for the plant species and plant parts sampled during 
the growing leaf stage (May - June) of 1993. 
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Copper levels (%) for the plant species and plant parts sampled during 
the growing leaf stage (May - June) of 1993. 
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Figure 12: Potassium : sodium ratios (%) for the plant species and plant parts sampled 
during the growing leaf stage (May - June) of 1993. 



the exception of Po~ulus which had a higher ratio. 2-3 times more than the other 

species. Ratios in the leaves were more variable with Amelanchier and Salix 

having very hig h ratios of 1 :475 and 1 :420. 

Nutrient Content During the Mature Leaf Stage 

Cnide Protein 

Cnide protein levels were lower in the bark than in the leaves in al1 of the 

tree species (67-87% lower) (Figure 13). Cnide protein levels in Pinus buds 

were lower than in the leaves but higher than levels observed in the bark of al1 of 

the species. Cnide protein levels in the bark were similar for al1 of the species 

while levels in the leaves were more variable. Salix had the highest levels for 

leaves while Cornus had the lowest (with the exception of Pinus needle leaves). 

Cnide protein concentrations in the aquatic species were similar to levels 

observed in the leaves in the tree species. Levels of crude protein in the aquatic 

species plant parts were similar with the exception of Nuohar leaves which had 

hig her levels. 

Macro Elernents 

Magnesium, phosphorus (except AlnusJ, potassium and sulphur (except 

Alnus) levels were higher in the leaves than in the bark in al1 of the tree species 

(Figures 15, 16, 17, 19). Calcium levels in the bark of Alnus. Pinus, Amelanchier 

and Salix were higher than levels observed in those species' leaves while levels 

in the bark of Po~ulus, Betula and Cornus were sirnilar or lower than the levels of 
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Figure 13: Crude protein levels (%) for the plant species and plant parts sampled during 
the mature leaf stage (July - August) of 1993. 
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Figure 14: Calcium levels (%) for the plant species and plant parts sampled during 
the mature leaf stage (July - August) of 1993. 
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Figure 15: Magnesium levels (%) for the plant species and plant parts sampled during 
the mature leaf stage (July - August) of 1993. 
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Figure 17: Potassium levels (%) for the plant species and plant parts sampled during 
the mature leaf stage (July - August) of 1993. 
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Figure 19: Sulphur levels (%) for the plant species and plant parts sampled during 
the mature leaf stage (July - August) of 1993. 



their leaves (Figure 14). Sodium levels were similar in both the bark and the 

leaves of al1 of the tree species (Figure 18). 

Pinus buds had low levels of calcium, magnesiurn and sulphur, similar to 
1 

levels of these nutrients in the bark (Figures 14, 15, 19). As well, moderate 

levels (levels higher than in the bark but lower than in the leaves) of phosphorus 

and potassium were observed in Pinus buds (Figures 16, 17). Pinus buds also 

had a high level of sodium, 1 -5-5x higher than for the bark or leaves of the 

deciduous species (Figure 1 8). 

Macro element levels were similar in the bark between species for 

magnesium, phosphorus, potassium, sodium and sulphur while calcium levels 

were variable (Figures 14, 15, 16, 17, 18, 19). Sodium levels in the leaves were 

similar between species, however, levels of calcium, mag nesium, p hosphorus, 

potassium and sulphur were more variable (Figures 14, 15, 16, 17, 18, 19). 

Cornus leaves had a very large amount of sulphur (2.110~ higher than that 

observed for the other species). 

Calcium levels in Zizania roots and stemslleaves and Nu~har roots were 

low while levels in Nu~har leaves and stems were moderate, at levels similar to 

those observed in the tree leaves (Figure 14). Magnesium and phosphorus 

levels were rnoderate for the two aquatic species and fell within the ranges 

observed for bark and leaves with the exception of Zizania roots which had the 

highest levels of phosphorus of al1 the species and plant parts sampled (Figures 

15, 16). Levels of potassium in the aquatic species were very hig h with Nuphar 

stems having a potassium ievel2.7~ more than the highest potassium levels in 



the leaves of the tree species. Nuphar roots and Zizania stems/leaves had 

levels 1 . 4 ~  more than the highest levels in the leaves of the tree species while 

Zizania roots and Nuohar leaves had levels similar to that for the highest levels 

observed for tree leaves (Figure 17). The aquatic species also had very hig h 

levels of sodium. Zizania roots and stemsneaves had 45 and 25x more sodium 

respectively cornpared to the highest level observed in the tree species (Pinus 

buds). As well, Nu~har stems, leaves and roots had 15,5 and 5x as much 

sodium as the highest level observed in the tree species respectively (Figure 18). 

In addition, Zizania roots had a high level of sulphur, with levels that were greater 

than those observed in the leaves of al1 of the tree species except Cornus. 

Levels of sulphur in Zizania stemslleaves and Nuphar roots, leaves and stems 

were within the range observed in the tree bark and leaves (Figure 19). 

Trace Elernents 

Levels of manganese, iron (except Pinus) and copper (except Cornus) 

were lower in the bark compared to the leaves of the tree species (Figures 21, 

22, 23). Zinc levels were more variable with Alnus and Po~ulus having slightly 

lower zinc levels in the bark compared to the leaves while the remaining tree 

species had higher zinc levels in the bark (Figure 20). 

Pinus buds had low levels of manganese and copper and moderate levels 

of zinc and iron, lower than levels in the leaves but higher than levels in the bark 

of the tree species (Figures 20.21, 22, 23). 

Manganese, iron and copper levels in the bark were sirnilar between 

species while zinc levels were variable (Figures 21,22, 23). Likewise,all of the 
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Figure 20: Zinc levels (%) for the plant species and plant parts sampled during 
the mature leaf stage (July - August) of 1993. 



Bark 

/ teaves 

Buds 

c-1 Roots 

lllIIlI stems 

Stemslleaves 

Figure 21 : Manganese levels (%) for the plant species and plant parts sampled during 
the mature leaf stage (July - August) of 1993. 
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Figure 22: lron levels (%) for the plant species and plant parts sampled during 
the mature leaf stage (July - August) of 1993. 







trace elements were variable in the leaves between species (Figures 20, 21, 22, 

23). 

The aquatic species had low levels of zinc and copper with levels 

comparable to the lowest levels in the tree species and comparable to the range 

observed in the bark and leaves respecüvely (Figures 20, 23). The aquatic 

species had higher levels of manganese with Nuahar stems and Zizania roots 

having approxirnately 2 . 0 ~  more manganese than the highest level observed for 

the tree species. Nu~har leaves and roots and Zizania stems/ieaves had levels 

of manganese similar to the higher levels observed in the leaves of tree species 

(Figure 21). Zizania roots had the highest iron level, 314x greater than the 

highest level observed in the tree species. Zizania stemslleaves and Nu~har  

stems had 8 . 6 ~  more iron and Nuohar roots and leaves had 6.4 and 4 . 2 ~  more 

iron respectively than the tree species (Figure 22). 

Potassium : Sodium Ratio 

Bark potassium:sodium ratios were lower than those levels observed for 

the leaves in al1 of the tree species (Figure 24). During the mature leaf stage, 

the potassium:sodiurn ratios for the bark for al1 of the tree species are fairly 

similar, Iess than 150. The ratios observed in the leaves, however, are more 

variable with Salix leaves having a potassium:sodium ratio of 1 :400, much higher 

than the other species. Po~ulus and Amelanchier also had high ratios. Pinus 

buds had a low ratio similar to the ratios observed for the bark at 1 :25 (Figure 

24). 



The potassium:sodium ratios for the aquatic species show that they have 

very low potassium:sodium ratios. especially Zizania compared to the bark and 

leaves of the tree species (Figure 24). The roots of Zizania have a 1 :2 ratio 

while the sternlieaves have 1 :3 ratio. Nu~har  has higher ratios (3-5x more) in its 

roots. stems and leaves at ratios rang ing from 1 : 14 to 1 :22. 

Nutrient Content During the Senescence Leaf Stage (September - October) 

Crude Protein 

Crude protein concentrations were lower in the tree species' bark 

compared to the leaves (34-63% lower). Levels were similar in the bark and in 

the leaves between species (Figure 25). 

The aquatic species had crude protein levels similar to those observed in 

the tree species' leaves with Nu~har leaves having the highest crude protein 

level of ail of the species and plant parts (Figure 25). 

Macro Elements 

Magnesium (except Alnus), phosphorus, potassium (except Alnus) and 

sulphur levels were higher in the bark than in the leaves for al1 of the tree species 

(Figures 27, 28, 29, 31). Calcium leveis were variable with Alnus, Amelanchier 

and Salix leaves having higher levels and the remainder of the species having 

higher levels in the bark (Figure 26). Sodium levels were similar in both the bark 

and the leaves of the tree species (Figure 30). 

Phosphorus, potassium. sodium and sulphur levels were sirnilar in the 

bark between species while calcium and magnesium levels were variable 
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Figure 25: Crude protein levels (%) for the plant species and plant parts sampled during 
the senescence leaf stage (September - October) of 1993. 
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Figure 27: Magnesium levels (%) for the plant species and plant parts during 
the senescence leaf stage (September - October) of 1993. 
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Figure 28: Phosphorus levels (%) for the plant species and 
the senescence leaf stage (September - Octobei 

,lant parts during 
of 1993. 
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Figure 29: Potassium levels (%) for the plant species and plant parts sampled during 
the senescence leaf stage (September - October) of 1993. 
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Figure 31 : Sulphur levels (%) for the plant species and plant parts sampled during 
the senescence leaf stage (September - October) of 1993. 



(Figures 26, 27, 28. 29, 30, 31). Levels of calcium, magnesium, phosphorus and 

sulphur were variable between species wlh Cornus having a very high level of 

sulphur (Figure 31). Potassium and sodium levels were similar in the leaves 

between species. 

Zizania roots and stemsAeaves and Nuohar roots had low levels of 

calcium while Nuphar leaves and stems had moderate levels within the ranges 

observed for the trees' bark and leaves (Figure 26). Magnesium levels were low 

to moderate and fell within the ranges observed for the bark and leaves of the 

tree species (Figure 27). Phosphorus and sulphur levels in the aquatic species 

were also moderate and fell into ranges observed in the tree species (Figures 

28, 31). The aquatic species had very high levels of potassium (Figure 29). 

Nu~har stems and roots had 3.6 and 2.0~ as much potassium as the highest 

level of potassium observed for Salix. Zizania roots, stedeaves and Nuohar 

leaves had potassium levels comparable to the highest levels observed in the 

tree species. Sodium levels in the aquatic species were also very high with 

Nu~har  stems and Zizania stemsAeaves having approximately 35x more sodium 

than the highest level observed in the tree species (Figure 30). Zizania roots and 

Nu~har leaves and roots had levels 15, 14 and 4x greater respectively than the 

highest level observed in the tree species. 

Trace EIements 

Zinc levels were higher in the bark than in the leaves of the tree species 

with the exception of Po~ulus (Figure 32). lron levels were lower in the bark than 



in the leaves and manganese and copper had variable levels behiveen the bark 

and the leaves (Figures 33, 34,35). 

lron levels in both the bark and the leaves were similar between the tree 

species while levels of zinc, manganese and copper were variable (Figures 32, 

33. 34, 35). 

The aquatic species had low to rnoderate levels of zinc, similar to levels 

observed in the tree species' bark and leaves. Nuohar roots had moderate 

levels of manganese while the roots and stemsAeaves of Zizania and the stems 

and leaves of Nu~har had 1.3 to 1 . 8 ~  more manganese than the highest level 

observed for the tree species (Figures 32. 33). Likewise, iron levels in the 

aquatic species were very high (Figure 34). Zitania roots had the highest iron 

level. 314x greater than the highest level observed in the tree species. Zizania 

stems~eaves and Nuphar stems had 8 . 6 ~  more iron and Nuphar roots and 

leaves had 6.4 and 4 . 2 ~  more iron respectively than the tree species. Nuohar 

roots, stems and leaves and Zizania stems/ieaves had low levels of copper while 

Zizania roots had high levels (Figure 35). 

Potassium : Sodium Ratio 

The potassium:sodium ratios for the bark of al1 of the species with the 

exception of Po~ulus were lower than ratios observed for the leaves (Figure 36). 

Ratios in the bark were less than 1:40 while Po~ulus had a slightly higher 

level at 1 :50. The ratios in the leaves were also variable with Salix having the 

highest ratio at 1 :135. 
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Figure 33: Manganese levels (%) for the plant species and plant parts sampled during 
the senescence leaf stage (September - October) of 1993. 
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Figure 34: lron levels (%) for the plant species and plant parts sampled during 
the senescence leaf stage (Septernber - October) of 1993. 
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Figure 35: Copper levels (%) for the plant species and plant parts sampled during 
the senescence leaf stage (September - October) of 1993. 





Potassiurn:sodiurn ratios in the aquatic species showed that Zizania had 

the lowest ratios in the roots and stems/leaves at ratios of approxirnately 1:2.5 

(Figure 36). Ratios in the stems and leaves of Nu~har were slightly higher at 1 :5 

and 1 :7 respecüvely. Nu~har roots, however, had a much higher ratio at 1 :35. 5- 

14x higher than the ratios observed in its other plant parts and the plant parts of 

Zizan ia. 

YEARLY VARIATIONS IN FOOD SELECTION 

Yearly variations in food selection were evident. In the growing leaf stage 

of 1992 leaves were heavily utilized over bark (Figure 37). Betula leaves were 

consumed in the highest amounts while Cornus leaves were not utilized. As 

well, only the bark of Po~ulus and Betula were observed to be utilized. In 

contrast, in 1993, the beaver utilized bark and leaves in fairly similar proportions 

(Figure 40). Also, the beaver utilized Cornus leaves in the highest amounts but 

did not utilize Betula leaves. As well, the bark of al1 seven tree species were 

utilized in 1993, especially Pinus bark. In addition, Pinus buds were observed to 

be utilized in small proportions in 1992 but in 1993 they were utilized in ver- hig h 

amounts. 

During the mature leaf stage, bark was consumed in a high proportion in 

1992 compared to 1993 (Figures 38.41). As well, in 1993 a more diverse 

nurnber of tree species were utilized. In 1992, however, aquatic plants were 

utilized in fairly high proportions cornpared to 1993. 
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Figure 37: Frequency distribution of the plant parts consumed by the beaver family during 
the growing leaf stage (May - June) of 1992. 
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Figure 39: Frequency distribution of the plant parts consumed by the beaver family during 
the senescence leaf stage (September - October) of 1992. 
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Figure 41: Frequency distribution of the plant parts consumed by the beaver family during 
the mature leaf stage (July - August) of 1993. 
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Figure 42: Frequency distribution of the plant parts consumed by the beaver family during 
the senescence leaf stage (September - October) of 1993. 



The number of observations during the senescenœ leaf stage was Iow, 

thus cornpansons are difficult (Figures 39, 42). However. variations were noted 

in that leaves and Nu~har roots were uülized in 1992 and not in 1993. 

Differences in species added to the winter food pile were also evident. 

SEASONAL VARIATIONS IN FOOD SELECTION 

Data from 1993 were more cornplete and will thus be utilized in this 

section. 

During the growing leaf stage of 1993 1 observed that leaves and bark 

were eaten in similar proportions (32 and 42% respectively) (Figure 40). As well, 

the beaver were also observed to feed on the bark of al1 seven of the tree 

species. Of parücular note is the high proportion of Pinus bark consumed (46% 

of total feeding observations). The beaver were also observed to feed on the 

leaves of al1 of the deciduous species with the exception of Betula. The use of 

Pinus buds in the growing leaf stage was high as well(23% of total feeding - 
observations). No observations were made of beaver feeding on either of the 

aquatic species as these species had not yet grown to a state to be accessible to 

them. 

During the mature leaf stage of 1993 the beaver were obsewed to feed 

mainly on leaves (75% of the feeding observations, 15% for bark) (Figure 41). 

The bark of 5 of the deciduous species was observed to be consumed 

(excluding Salk bark). The consumption of Pinus bark was very low during this 

stage (1 % of feeding observations). Again, the beaver were obsewed to feed on 



the leaves of al1 of the deciduous species, however, with the exception of Salix 

dunng this tirne period. Pinus buds were not observed to be utilized. The 

beaver were also noted to feed on the stems and leaves of Zizania in srnail 

proportions (1 % of feeding observations). 

During the senescence leaf stage, bark was the primary source of food for 

the beaven (Figure 42). Due to the decrease in hourç of light, I only made three 

direct observations of plant part food choice by the beaver during this period of 

1993. They were observed to feed on Po~ulus and Betula bark. Direct 

observations of food material added to the winter food pile included branches 

from Alnus, Populus, Betula and Salix. No aquatic plants were observed to be 

utilized dunng this time period. 

It shouid be noted, that in the case of the early growing leaf stage and late 

senescence leaf stage, the beavers fed pfirnarily on the plant parts available to 

them at that particular point in time. 

DIFFERENCES IN FOOD CHOICE BETWEEN BEAVERS 

There were also observed differences between the male and female 

beavers in ternis of what plant species and proportions of each species they 

consumed. Fernale beavers fed upon Alnus, Populus, Betula, Cornus, Pinus, 

Amelanchier, Salk and Zizania. Males were observed to consume the sarne 

species with the exception of Zizania. 

The data were combined for 1992 and 1993 with the male food choies 

combined to include the observations of the two yearlings males in 1992 and the 



one two-year old male in 1993. Likewise, the data for the female food choices 

were combineci to include the observations of the one yearling female in 1992, 

one two-year old female in 1993 and the adult female in both years. 

However, chi-square analysis shows that the observed differenœs in food 

selection between male and female beaven is not statistically significant (x2 = 

11 .O9 at P = 0.05 with 8 degrees of freedom). 

Dardaillon (1 989) studied age-class differences on feeding choices in wild 

boars (Sus scrofa) and found that there were differences in food choice between 

juvenile, yearling and adults wild boas, pnmanly in the fall and winter. Studies 

on the beaver to date have not quantifïed differences in food choice between age 

classes nor sex of the beaver. 



DISCUSSION 

NUTRIENT ANALYSIS 

For healthy gr&, development and maintenance, animals have specific 

nutritional requirements. These requirements include energy, protein, water, 

minerals, vitarnins and essential fatty acids. As well, the mineral content and 

requirements of an animal Vary wÏth age, species, sex. maturity level, season 

and reproductive condition (Robbins 1 993). 

There are two categories of minerals, the macro elements and the trace 

elements. Macro elements are required in fairly large amounts (mg/g) and 

include calcium, phosphorous, sodium, potassium, magnesium, sulphur and 

chlorine. Trace elements are required in very small arnounts, parts per million 

(ppm) and include iron, zinc, rnanganese, copper, cobalt, molybdenum, iodine, 

selenium, fluoride and chromium (Robbins 1993). Robbins (1 993) discusses in 

detail the nutrient requirements of various species of animals and the 

physiological effects that nutrient deficiencies may have. As well, Roze (1 989) 

discusses the detailed nutrient requirernents by the porcupine (Erethizon 

dorsaturn). 

Cnide Protein 

In my study crude protein levels were found to be hig her in the leaves 

compared to the bark of al1 of the tree species over all three leaf stages (Figures 

1, 13, 25). The aquatic species also had crude protein levels similar to those 

observed in the leaves of the tree species. 



Robbins (1 993) notes that browsers on average require their diet to 

contain at least 6% protein. During al1 three leaf stages the bark of al1 of the tree 

species was found to be below this level. Protein levels in the leaves, Pinus 

buds and the aquatic species however, exceeded this level. 

Macro Elements 

Requirements of calcium and phosphorous range between 0.4 - 1.2% and 

0.3 - 0.6% respectively for growing mammals and birds (Robbins 1993). 

Calcium levels in the tree species were found to be variable both between 

plant parts and between species over al1 three leaf stages (Figures 2, 14, 26). 

As well, levels of calcium in the Pinus buds were very low (less than 0.1%). The 

calcium levels in Zizania were very low and Nuohar had lower to moderate 

levels. 

With the exceptions of Pinus buds, bark and needle leaves and Zizania 

sterns/leaves, the species and plant parts tested had levels of calcium which fall 

within andlor exceeded those listed by Robbins (1993) as being adequate for 

proper growth. 

Phosphorus arnounts in the bark of the tree species were for the rnost part 

much lower than levels observed in the leaves (Figures 4, 16, 28). Levels of 

phosphorus in the bark of the tree species was also roughly similar in each of the 

three seasons. Levels of phosphorus in the leaves were more variable between 

the tree species in each season. As well, phosphorus levels observed in the 



aquatic plants mainly fell within the ranges observed for the bark and leaves of 

the tree species. 

Levels of phosphorus were adequate, as suggested by Robbins for 

growing marnmals, only in the leaves of the deciduous trees duMg the growing 

leaf stage. 

Magnesium requirernents for rodents were listed as 0.04 to 0.3% 

(Robbins 1993). The levels of rnagnesium observed in the bark of the tree 

species were lower than the levels observed in the leaves over al1 three leaf 

stages (Figures 3, 15, 27). Levels of magnesium in the bark and leaves were 

variable between the species in al1 three seasons. Pinus buds had low levels of 

magnesium shilar to the levels observed in the bark of the tree species. The 

aquatic species had magnesium levels that fell within levels observed in the tree 

species. 

All of the plant species and plant parts meet the minimum requirements of 

0.04% for magnesium. 

Growing plants often have a very high potassium content. Potassium 

requirements range from 0.3 to 0.6% (Robbins 1993). Potassium levels in the 

bark of the tree species were, with one exception, significantly lower than levels 

observed in the leaves (Figures 5, 17, 29). Levels in the bark between the tree 

species was fairly constant in each season. Levels of potassium observed in the 

leaves was however, much more variable in each season. Levels of potassium 

in the aquatic species were very high with potassium levels similar to the highest 

observed levels in the tree species or exceeding these levels by 1.4 - 3.6~. 



The observed levels of potassium surpassed the lowest requirements 

listed by Robbins with the exception of some of the tree species' bark which had 

potassium levels lower than the minimum listed level. 

Requirements of sodium by domestic and lab animals is estimated to 

range from 0.05 - 0.4% of the dry diet. Very few plants require sodium and do 

not conœntrate 1 in their tissues; thus. there is a potential for animals, 

parücularly herbivores, to develop sodium deficiencies (Roze 1989, Robbins 

1 993). 

Levels of sodium observed in the bark and leaves were variable both 

within and between species in the growing leaf and mature leaf stages (Figures 

6, 18, 30). As well, the sodium levels in the fall are al1 at almost the same level 

of 0.01 % for al1 of the species and al1 three of the plant parts. Pinus buds were 

obseived to have a very high level of sodium. The aquatic species also 

exhibited very high levels of sodium, up to 15x higher than the highest level 

observed in the tree species. 

Sodium levels obsewed in the tree species were within the lower range 

listed by Roze (1989) and Robbins (1990) as being adequate for rnamrnals. 

Robbins (1993) does not give a minimum requirement for sulphur in 

animals. Levels of sulphur in the bark of the tree species were lower than those 

observed in the leaves with two exceptions (Alnus in the growing leaf and mature 

leaf stages) (Figures 7, 19, 31). Of particular note are the hîg h levels of sulphur 

in Cornus leaves over al1 three leaf stages. Levels of sulphur in Pinus buds were 



low. As well, levels in the aquatic species fell within the range observed for the 

tree species. 

Trace Efements 

Zinc is required at levels in rodents of 9.2 to 30 ppm (0.0009 to 0.0003%), 

manganese is required at levels of 3.7 to 50 ppm (0.00037 to 0.0005%), iron is 

required at levels of 25 to 140 ppm (0.00025 to 0.0014%) and rodents require 

low copper levels of 1 -6 to 6 ppm (0.00001 6 to 0.00006%) (Robbins 1993). 

Zinc, rnanganese and copper levels in the bark and leaves were variable 

both within and between species over al1 three leaf stages (Figures 8, 9, 11, 20, 

21, 23, 32, 33, 35). lron levels were lower in the bark of the tree species 

compared to the leaves wlh the exception of Salix in the growing leaf stage 

(Figures 10, 22, 34). Pinus buds had moderate levels of zinc and copper and 

low levels of iron and manganese. 

Levels of zinc in the aquatic species were low for the most part and fell 

within levels observed in the tree species while copper levels were very low 

compared to the tree species. As well, the aquatic species had hig h levels of 

manganese and iron, up to 2 . 0 ~  and 393x as much as the highest level observed 

in the tree species respectively. 

The observed zinc, manganese, iron and copper levels for al1 of the 

species in al1 three leaf stages greatly exceeded those given by Robbins (1993). 

Potassium : Sodium Ratios 

In herbivorous species it is essential that the nervous and muscle tissues 

maintain a 1:l ratio of potassium to sodium ions. However the plant tissues that 



herbivores consume only need to maintain a saline environment inside their cells 

with the results that plants may contain potassium:sodium ratios up to 500:l 

(Roze 1989). 

The bark of the tree species had similar or lower potassium:sodium ratios 

compared to the leaves in al1 three leaf stages (Figures 12, 24, 36). Ratios in the 

bark were below 1:55. Ratios in the leaves were often ver' high, at ratios as 

high as 1 :475 in the leaves of Amelanchier. Pinus buds had a lower ratio similar 

to the ratios observed in the bark of the tree species. The aquatic species had 

the lowest potassium:sodium ratios ranging from 1:2 up to 1:35. 

Overall, the family of beaver under study was probably not constrained by 

nutrient limitations. By feeding on a wide variety of species and plant parts over 

the seasons, the beaver ensure that they obtain the necessary amounts of 

nutrients required for proper growth and maintenance. 

YEARLY VARIATIONS IN FOOD SELECTION 

1 found that the colony of beaver 1 was studying consumed a diverse 

number of species, including six deciduous, one coniferous and two aquatic 

species. Po~ulus tremuloides, Betula ~apvrifera, Cornus stolonifera , 

Amelanchier alnifolia, Salix SRP., Pinus banksiana, Nu~har varieqatum and 

Zizania aauatica were observed to be utilized by the beaver in my study. As 

well, yearly variations in both species selected and plant parts consumed were 

observed (Figures 37, 38, 39, 40.41.42). 



Salk sm., (Green 1936, Aleksiuk 1 970. Ingle-Sidorowicz 1 982, Doucet and Bal1 - 
1 994), Betula pa~vrifera (Ingle-Sidorowicz 1 982), and Nuphar variesiatum 

(Aleksiuk 1970). 

Yeariy variations in food choir& by the beaver in this study may be due to 

a variety of factors including species availability, nutrient content. accessibility, 

etc. Belovsky (1984) speculates that beaver may select food based on the 

quantity of items (leaves, bark, etc.) available per plant rather than items per unit 

area and item size, whereas Haseltine (1 950). Aleksiuk (1 970). and Jenkins 

(1979 & 1981) state that food availability is the most important factor in food 

selection. 

SEASONAL VARIATIONS IN FOOD SELECTION 

I also observed seasonal variations of the plant species selected by the 

beaver with Pinus being utilized primarily in the growing leaf stage and 

Amelanchier being utilized mostly in the growing leaf and mature leaf stages 

(Figures 40 & 41). Similar findings for Pinus sm., were observed by Jenkins 

(1 979 & 1981) and Wheatley (1 994). Jenkins (1 975 & 1979) also found year to 

year and seasonal ciifferences in tree selection by beaver. Furthemore, he also 

found that tree size and genus both influence food selection by beaver. 

I also observed that Nu~har  and Zizania were utilized in the summer and 

early faIl once they became available to the beaver. Likewise, Aleksiuk (1 977) 

observed that Nu~har varieaatum was utilized by the beaver when available in 

the summer on some lakes. Bradt (1 938) and Brenner (1 962) also found that 



duhg  the summer months the beaver fed primarily on herbaceous aquatic 

vegetation. 

The beaver were observed to constnict food piles starting in late August 

and continuing until freeze-up (Figure 42). Species added to the winter food 

cache included the branches of Alnus, Po~ulus, Betula, and Salix. Likewise, 

Green (1 936) found that the beaver in his study constructed winter food caches 

consisting of Salix sm., and Populus tremuloides and Aleksiuk (1 970) found that 

Salk s n ,  Populus balsamifera (Poplar) and Alnus ruaosa were utilized in 

foodpile construction in his study. 

Variations in plant part selection were also observed in my study. During 

the early growing leaf stage the beaver were observed to feed primarily upon the 

bark and growing shoots of the deciduous species and on the growing buds of 

Pinus. During the late growing leaf and mature leaf stages, as leaves became 

available to the beaver, a shift was noted towards leaves. As well, during the 

summer Nu~har and Zizania plants became available to the beaver and were 

utilized as food sources. In the senescence leaf stage the beaver primarily 

consumed deciduous tree bark (Figures 40,41,42). 

Aleksiuk (1 970 & 1977) also found that beaver diets Vary on a seasonal 

basis and that once the beaver emerged aiter spring thaw, bark was primarily 

consumed. Then, in the summer he noticed a shifl in food habits whereby no 

bark was observed to be consumed. In the fall he obsewed that as the plant 

growüi ceased and leaves fell from the trees the beaver reverted back to feeding 

on bark. Green (1 936), Brenner (1 962) and Jenkins (1 981) also noted that, 



when available in the spring and summer, stems, leaves and aquatic vegetation 

were preferred by beaver over the coarser woody bark. But in the fall when the 

leaves had begun senescence they observed that the beaver selected Populus 

tremu loides branches for food. 

As well, the beaver in my study were observed to consume only the 

petioles of leaves in small amounts and only for the species Populus, Alnus, 

Cornus and Amelanchier. Thus observations on leaf plus petiole use were 

combined with the data for leaves. The low use of petioles may possibly be due 

to low nutritional values of the petioles as evidenced in the nutrient analysis by 

the lack, for the most part, of a signifiant difference in nutrient levels between 

leaves and leaves plus petioles (nutrient results of leaves plus petioles were also 

combined with the results of the leaves). Another possibility may be the 

presence of certain phenolic compounds in the petioles which are not palatable 

to the beaver. During his study on the porcupine (Erethizon dorsatum), Roze 

(1989) found that they do not consume the petioles of leaves. 

The use of particular food types by the beaver during certain seasons of 

the year may be related to a number of factors. Ingle-Sidorowicz (1 982) 

discusses that food type, distribution and accessibility are important and may 

determine the number of beavers in a colony. Jenkins (1981) attributes the 

beavers' preference for leaves and herbaceous vegetation over bark to the high 

fiber content and low proteimfiber ratio of bark. 

Hay (1958) noted that food quality may affect fertility in beaver. He found 

that Po~ulus tremuloides stands appeared to support a larger number of beaver 



than did those of Salix see. Masslich et al (1 988) compared nutritive values of 

Po~ulus tremuloides bark, twigs and sprouts and found that the twigs contained 

significantiy higher levels of nitrogen, phosphonis. potassium. magnesium, iron 

and manganese. Calcium was found to be highest in the bark while copper was 

not found to be significantly different between bark, twigs and sprouts. Wheatley 

(1 994) found mat, in general, primary food items (parts from Po~ulus tremuloides 

and Pinus banksiana) had higher levels of protein in the spring and sumrner. 

She also found that for similar plant parts, protein levels were higher in the 

summer than in the spring. In addition, she observed that primary foods had 

adequate levels of macro elements (sodium, magnesium, and calcium) in the 

summer but that primary food items did not have adequate levels of sodium in 

the spring and phosphorus in both spring and summer. She also found that only 

Po~ulus tremuloides had sufficient levels of calcium in the spring. She likewise 

found levels of trace elements (zinc, copper, iron and manganese) to be 

sufficient in the prirnary foods in both seasons sampled. Finally, Wheatley 

(1 994) observed that, while individual sodium and potassium levels were high in 

primary foods in the surnmer, the overall potassium:sodium ratios were low. 

Inducible chernical products developed by tree species as an anti- 

herbivory device may be another factor influencing food selection by beaver. 

Basey et al (1990) found that beaver avoided feeding on 'juvenile-formn sprouts 

(sprouts characterized by large leaves and no lateral branching) of Populus 

tremuloides when "adult-form" sprouts (characterized by small leaves and heavy 

lateral branching) were available. They attributed this finding to a new 



compound that was found in higher concentrations in the juvenile-fom sprouts. 

As well, Muller-Schwarze et al (1994) found that Red Maple (Acer rubrurn) 

develops a chernical compound which renders this species unpalatable to 

beaver. Roze (1989) also found that porcupine (Erethizon dorsatum) food 

selection was govemed by the amounts of phenolics present in leaves and 

growing buds and that they also avoided Acer rubrurn. 

In my study nutrient levels may have played a role in food selection by the 

beavers. High levels of crude protein and sodium in Pinus buds may be an 

important factor goveming the use of Pinus buds by the beaver in early sprhg 

before leaf-out. As well, higher levels of potassium, magnesium, phosphorus. 

sulphur and copper were found in the leaves of the deciduous tree species and 

rnay thus be factors influencing the high usage of leaves by the beaver 

compared to bark. The aquatic species were observed to have high levels of 

cnide protein, sodium, potassium, copper and iron, which rnay be contributing 

factors in the use of aquatic species such as Nuphar and Zizania by the 

beaver family . 

Finally, the low potassium:sodiurn ratios observed in the aquatic species 

and tree bark may be a factor in the use of aquatic species by the beaver and in 

the continued use of bark by the beaver after leaf-out has occurred. 

Aleksiuk (1977) found that beaver in the Mackenzie Delta feed primanly 

on Salix sm, leaves and growing shoots which were found to have high protein 

levels. He speculates that the high protein leaves and shoot tips are utilized 



exclusively by the beaver to promote rapid growth during the short summer 

period. 

Botkin et al (1 973). as reported in Belovsky (1 984), states that beaver do 

not have any sodium constraints due to the consumption of aquatic plants dunng 

the summer. As well, Belovsky and Jordan (1981) obsewed that moose (Alces 

alces) fed heavily on aquatic plants which are high in sodium. 



CONCLUSIONS 

The family of beaver under study consumed a diverse number of plant 

species including trees and aquatic plants and were selective in their food habits 

both Ni tems of species consumed and plant part consumed seasonally and 

yearly. These findings suggest that boreal beaver rnay be opportunistic 

herbivores (as Jenkins. 1975 suggests) when the food supply is diverse. 

choosing those species which meet their energy and nutritional requ irements at 

a particulîr point in time. 

While beaven may have different nutritional requirements over the course 

of a year (Le.: lactating females in the spring), differences in food selection by 

male and female beaver were not found to be statistically significant in this study. 

Beaver at Wallace Lake do not appear to be constrained by nutrient 

availability in the plant species they consume. Most of the plant species and 

plant parts had adequate levels of nutrients as described by Robbins (1 993) with 

two exceptions. Potassium levels in the bark of some of the plant species did 

not meet minimum requirements and adequate phosphorus levels were found 

only in the leaves of deciduous tree species in the growing leaf stage. 

Nutrient levels in food consumed by beaver is hypothesized as a probable 

factor influencing food selection in tems of species and plant part selection. 

Noticeable dHerences in potassium, sodium, copper and iron levels and the 

potassium:sodium ratio between tree species and the aquatic plants were 

observed, with the aquatic species having much higher levels of these nutrients 



and much lower potassiurn:sodium ratios. As well, there were obsewed 

ditferences in some of the nutrient levels between the bark and leaves of the tree 

species The leaves were noted to have greater levels of potassium, magnesium, 

phosphorus, sulphur and copper than in the bark for each tree species while the 

bark had a much lower potassium:sodium ratio. Pinus buds were also noted to 

have very high levels of crude protein and sodium. 

By consuming a wide variety of species and plant parts the beaver in this 

study may be ensurhg that they will not be affected by nutrient deficiencies. 

Thus, determining food selection based on nutrient contents in plants appears to 

be much more complex and may involve several factors at play at once, 

including soi1 fertility, moisture regimes and topography at each site. 
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CHAPTER 3: FEEDING SITE SELECTION BY BEAVER 



ABSTRACT 

Feeding site seledon and the distance traveled from the water's edge for 

food harvesting by a beaver colony were studied. The study area was divided 

into experimental sites that were extensively utilized by the beaver colony at the 

time of this study and control sites which were not. Five of each site type were 

then randomly chosen and sampled for the following; tree species, tree density 

and the diameter at a height of 20 cm from the ground (DLH) as factors 

influencing feeding site selection, and the presence of cut stumps as a function 

of distance traveled for food harvesting . 

Tree species, density and diameter were not found to influence feeding 

site selection in this study. 

The beavers were obsewed to harvest trees 1 1-30 m from the lakeshore 

in expenmental sites and old cut stumps were found in control sites at a distance 

of 21-30 m. Food availability, topography and site history are postulated as 

factors that may have infiuenced the distance traveled from the lakeshore by the 

beaver colony for food harvesting. 



INTRODUCTION 

Most research on beaver in the past has focused on their general ecology 

and social habls with most papes including some discussion on food 

preferences by beaver in a particular study area. More recently, food habit 

studies have attempted to determine what factors define how beaver make the 

food choices they do in terms of temporal, spatial, species and plant part 

selection. Jen kins (1 975, 1979, l98l), Pinkowski (1 983), Belovsky (1 984). 

McGinley and Whitman (1985), and Fryxell and Doucet (1991) have studied tree 

sizedistance relationships in terms of selection by beaver. Findings are divided, 

however, as Jenkins and Pinkowski found that relatively more smaller trees were 

cut at increasing distances from the water's edge whereas McGinley and 

Whitham and Fryxell and Doucet found that with increasing distance from the 

water's edge, beaver cut a larger percentage of large trees and branches. 

Belovsky found no difference between the average diameter of cut trees and 

distance from the shore. In addition, Belovsky found that up to a distance of 30 

m frorn shore, beavers did not change their preferences for tree species. In 

contrast Bradt (1938) found that at distances greater than 40 rn from shore 

beavers were more selective. As well, Jenkins found that beavers exhibit 

generic selectivrty at different feeding sites. 

This study was conducted to provide further insight into some of the 

factors that may influence feeding site selection by beavers including species 

density, total tree density and the diameter of trees at a height of 20 cm from the 



ground. Distance from the water's edge for food harvesting by the beavers was 

also measured as a funcüon of cut stump density. 



The area on Wallace lake utilized by the family of beaver varied in 

topography, soi1 characteristics and fire history, al1 of which in tum infiuenced the 

tree species composlion in the study area. During the study, I noted that around 

the lake the beaven used particular feeding sites which were fairly conspicuous. 

Cornpansons of the vegetative characteristics of beaver run sites (experimental 

sites), which I define as sites at which trails or canals have been created by the 

beaven into the forested lake shoreline for food collection purposes, and sites 

that contained Iittle or no beaver activity (non-beaver run sites) (control sites) 

were made. 

All the beaver run and non-run sites within the beaver colony's home 

ranges were marked on an enlarged aerial photograph with a 100 m x 100 rn 

UTM gnd overlay. I then randomly chose five sites of each type for closer 

examination. 

At each site, two 30 meter tapes were placed 1 m apart and strung 

perpendicular to the shoreline 30 m back into the bush, creating a 30 m x 1 m 

beR transect. Wfihin this transect tree species, density, diameter at 20 cm off the 

ground, and diameter at breast height were measured. Any cut stumps left by 

beaver were also measured for height from ground to cut and diameter at 20 cm 

(as I obse~ed that most cuts by beaven were made at 20 cm from the ground). 

Comparisons were made between beaver run sites and non-run sites to 

determine whether total tree density and diameter at lower height (DLH) (20 cm 



from the ground) influenced beaver feeding site selection. Sites were also 

assessed for distance from the lakeshore for food hawesting in terrns of stump 

density. 



RESULTS 

TREE DENSITY AS A FUNCTION OF FEEDING SITE SELECTlON 

Figures 1 ,2  and 3 show that there are observed differences in density for 

each tree species between control (non-beaver run sites) and experirnental sites 

(beaver run sites). At a distance from the water of 0-1 0 rn the experimental sites 

have lower densities of each species than the control sites with the exception of 

Cornus (Figure 1). As well, control sites are observed to contain Pinus and 

Picea glauca trees which are absent from the experirnental sites at this distance. 

In addition, Alnus trees were found in the experimental sites but were absent 

from the control sites. However, chi-square analysis reveals that the observed 

differences in tree species density between control and experimental sites at the 

0-1 0 m distance is not statistically significant (x2 = 4.39 at P = 0.05 = 14.07). 

At the 11-20 m distance both experimental and control sites contained the 

same species with tne exception of Alnus which was again found only in the 

experimental sites (Figure 2). At this distance, both sites also contained Picea 

glauca trees. Expenmental sites were also observed to contain Pinus saplings. 

Densities for each species at this distance were also similar with the exceptions 

of Betula, Amelanchier and Picea alauca for which the control sites had 14, 55 

and 78% more of these species m" respectively. Chi-square analysis reveals 

that the observed ciifFerences in tree density between control and experimental 

sites at the 11-20 m distance are not statistically significant (x* = 1.25 at P = 

0.05 = 14.07). 



At the 21-30 rn distance the control sites had from 50-80% more trees m" 

than did the experimental sites with the exception of Comus for which the 

experimental sites had 71% more (Figure 3). As weil, Amelanchier and Alnus 

were found only in the control sites at this distance. Chi-square analysis reveals 

that the observed differences in tree density between control and experimental 

sites at the 21-30 m distance are not statistically significant (x* = 4.53 at P = 

0.05 = 14.07). 

Control sites were also noted to contain a larger percentage of coniferous 

species (Pinus and Picea glauca), 14, 33 and 34% for 0-1 0 m, 1 1-20 m and 21 - 

30 m respectively compared to experimental sites with 0, 17 and 14% 

respectively. Both the control and experirnental sites were observed to have the 

highest percentage of Alnus and Comus at the 0-10 m distance. In addition, the 

21-30 m distance was observed to have the highest level of Populus for the 

control sites (17%). Moreover, the total average tree density in the experimental 

sites was highest at the 21 -30 m distance while the 1 1-20 m distance in the 

control sites had the highest density. 

A chi-square test for independence was also conducted to determine 

whether observed differences in total average tree density of al1 species between 

control sites and experimental sites was significant. The results of the chi- 

square test reveal that the observed differences are not statistically significant 

(x* = 0.89, P at 0.05 = 5.99). 



Distance frorn Water = 0-1 0 m 

1-1 ontrol Sites 

Figure 1: Tree density in control and experimental sites at a 
distance of O - 10 m from the lake's edge. 



Distance from Water = 1 1-20 m Experimental Sites 

Figure 2: Tree density in control and experimental sites at a 
distance of 11 - 20 m from the lake's edge. 



Distance from Water = 21 -30 m Expenmental Sites 

r=l Controi Sites 

SPECIES 

Figure 3: Tree density in control and experimental sites at a 

distance of 21 - 30 m from the lake's edge. 



DIAMETER LOWER HEJGHT (DLH) AS A FUNCTION OF FEEDING SITE 

SELECTION 

Differences in the diameter lower height (diameter of trees at 20 cm from 

the ground) for each species were also examined to detemine whether this 

factor plays a role in feeding site selection by the beavers. 

At a distance of 0-1 0 m from the water's edge differences are observable 

between control and experimental site DLH (Figure 4). Salix., Betula, Cornus 

and Amelanchier trees in the experimental sites had larger DLH than in the 

control sites (40,40, 32 and 31% greater respectively). In contrast, Po~ulus in 

control sites had a 97% larger DLH. Chi-square analysis reveals that the 

observed difierences in DLH between control and experimental sites at the 0-1 0 

m distance are not statistically significant (x* = 2.83 at P = 0.05 = 14.07). 

At the 11-20 m distance Populus, Salix., and Amelanchier in the control 

sites had larger diameters cornpared to the experhental sites (40, 77 and 50% 

larger average DLH respectively) (Figure 5). In contrast, Betula, Cornus, Pinus 

and Picea glauca in the experimental sites had larger diameters (21, 60, 52 and 

33% greater average DLH). Chi-square analysis reveals that the observed 

differences in DLH between control and experimental sites at the 11-20 m 

distance are not statistically significant (x2 = 1.4 at P = 0.05 = 14.07). 

At a distance of 21-30 rn the control sites had larger DLH for the species 

found at both sites with the exception of Cornus for which the experimental sites 

had trees with larger diameters (67% greater) (Figure 6). Chi-square analysis 

reveals that the observed differences between control and experimental sites at 



Distance from Water = 0-10 m Experirnental Sites 

cont1-01 sites 

Figure 4: Diameter lower height in control and experimental 
sites at a distance of O - 10 m from the lake's edge. 



Distance from Water = 1 1-20 rn Experimental Sites 

P Z ]   ontr roi Sites 

Figure 5: Diameter lower height in control and experimental 

sites at a distance of 11 - 20 m from the lake's edge. 



Distance from Water = 21 -30 m Experimental Sites 

Control Sites 

Figure 6: Diameter lower height in control and experimental 
sites at a distance of 21 - 30 m from the lake's edge. 



the 21-30 m distance are not statistically significant (x' = 0.60 at P = 0.05 = 

14.07). 

DLH of Po~ulus saplings at the 0-10 m distance was much lower than at 

the other two distances for both control and experimental sites. As well, Betula 

saplings had a greater DLH at the 11-20 m distance compared to the other two 

distances in the control sites. 

A chi-square test for independence also revealed that the observed 

differences in total average diameter lower height for al1 species between control 

and experimental sites was not significant (x2 = 0.05, P at 0.05 = 5.99). 

DISTANCE TRAVELED FOR FOOD HARVESTING AS MEASURED BY 

STUMP DENSITY 

Comparisons were also made of differences in average stump density for 

each species between control and experimental sites (Table 1). As expected, 

there are a larger number of stumps in the experimental sites. There were no 

stumps observed at the 0-10 m distance for both control and experimental sites. 

As well, no stumps were observed in the control sites at the 11-20 m distance. 

Stumps were however obsewed at the 1 1-20 and 21-30 m distances for the 

experimental sites and at the 21 -30 m distance for control sites. 

Betula had the highest stump density at 1 1-20 m with 2.36 stumps m" and 

Cornus had the highest stump density (2.74 sturnps m-') at 21-30 m in the 

experimental sites. Alnus had the highest sturnp density for the control sites at a 

density of 1.68 stumps m". 



Table 1 : Stump density of control and experimental sites at O - 10, 11 - 20 
and 21 - 30 m. 



DISCUSSION 

TREE DENSlTY AS A FUNCTION OF FEEDING SITE SELECTION 

There were observed differences in average species density at each set 

of distances measured, however, these observed differences were not found to 

be statistically significant (Figures 1, 2, 3). As well, I found no significant 

differences in average total species tree density between experimental and 

control sites in this study. Masslich et al (1 988) found that average density of 

aspen was much greater at feeding sites utilized by the beaver than at control 

sites. This was not found to be so in my study. 

One point of interest is the fact that the control sites were observed to 

have a much higher percentage of coniferous species (Pinus and Picea) 

compared to the experimental sites. This may be a factor in feeding site 

seledon as Picea was never observed to be harvested by beaver in this study 

and Pinus was generally utilized only in the spring. 

DIAMETER LOWER HEIGHT AS A FUNCTION OF FEEDING SlTE 

SELECTION 

Masslich et al (1 988) observed that densities of stumps in a class size of 

0-5 cm were greater in areas used by beavers than for the sarne size class of 

trees in non-feeding areas. However, in my study, observable differences in 

diameter lower heights of the tree species betvveen control and experimental 

sites were not observed to be statistically significant (Figures 4, 5, 6). Total 



average diameter lower height for the tree species between experimental and 

control sites was also not found to be statistically signifmnt. Thus DLH does not 

appear to be a factor in feeding site selection in this study. However, further 

studies with a larger sample size rnay be required to confirrn this statement. 

DISTANCE TRAVELED FOR FOOD HARVESTING AS MEASURED BY 

STUMP DENSITY 

Surveys of the study area showed that most of it had been utilized by 

beaver at one time or another as evidenced by the presence of old cut stumps at 

control sites. However, only certain sites (experimental sites) were being utilized 

extensively during the tirne of this study. Jenkins (1 975) postulates that beaver 

rnay sample trees of the various species present at a site to determine nutritional 

values. This may be a factor as to why most of the control sites in the study area 

had some sign of beaver activity. 

Beavers are semi-aquatic mammals and therefore one would postulate 

that they would harvest trees as near to the water's edge as possible. Belovsky 

(1984) did find this to be true in that the beaver in his study limited their cutîing 

away from the water. However, in my study I only found cut stumps at the 11-20 

and 21-30 m distances in the experimental sites and only at the 21-30 m 

distance in control sites (Table 1). Betula and Cornus were found to have the 

highest stump densities in the experimental sites at 11-20 m and 21-30 m 

respectively. Alnus had the highest stump density in the control sites. 



A possible explanation as to why beaver in this study utilized food Il+ rn 

from the water at experimental sites is that they were observed to utilize Pinus 

buds and bark in the spring season. However, this species was only found to be 

present in experirnental sites at distances greater than 11 m. This would force 

the beaver to travel farther from the lakeshore to reach this species. Once at a 

particular distance from the water's edge, beaver may "familiarizen themselves 

with the area for further harvesting of different species. 

In addition, the beaver were only observed to cut trees for food up to a 

distance from the shore an average of 30 m. Likewise. Aleksiuk (1970) and 

Belovsky (1984) observed that beaver cuts were not common at distances 

greater than 20 and 30 m from the shoreline respectively. Masslich et al (1988), 

however, found that the beaver in his study traveled up to 100 m frorn the 

shoreline to reach Po~ulus trees of larger diameters. while Bradt (1938) found 

that beaver do not eut trees more than 60 meters from the water's edge. 

The harvesting of trees only to a distance of 30 rn in my study may be due 

to the topography and vegetative characteristics of Wallace Lake. Large. often 

steep rock ridges exist around the lakeshore which may limit the beaver from 

traveling farther from the shoreline for food. As well, a fire had swept the area 12 

years prior to this study which resulted in many standing dead trees falling in 

wind stoms; this made land travel in certain areas very difficult, especially for a 

low bodied animal such as the beaver. 



CONCLUSIONS 

The cornparisons conducted between beaver run (expenmental) sites and 

non - beaver run (control) sites showed no significant defierences between the 

sites in ternis of tree densities and diameters lower height indicating that these 

factors do not appear to influence feeding site selection. 

There were observed differences in stump densities between control and 

experimental sites with stumps found at 21-30 and 11-30 rn from the water's 

edge respectively. Species availability. topography and site history were 

postulated as potential factors infiuencing the distance beaver traveled to 

harvest food. 

However, only 5 sites of each were measured for this study. It may, 

therefore, be beneficial to conduct a larger survey to determine whether factors 

such as tree species, density and diameters influence feeding site selection and 

distance traveled for food harvest by beavers. As well. studies should be 

conducted to determine whether feeding sites and harvesting distance may be 

selected by the beaver based on other physical and chernical site factors. 
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CHAPTER 4: EMERGENCE TIME FROM THE LODGE 



ABSTRACT 

Dunng nightly observations of the beaver colony under study weather 

conditions and nightly emergence times from the lodge for each beaver farnily 

member were recorded. Nightly emergence from the lodge was found to be 

correlateci with tirne of sunset with most of the nightly emergence occumng prior 

to sunset. In 1992 the beavers were observed to emerge from the lodge 

pnmarily 30 - 120 minutes prior to sunset while in 1993 the beavers were 

observed to leave the lodge mainly between 60 - 150 minutes prior to sunset. 

Weather condlions appeared to have little influence on nightly emergence 

from the lodge. 



INTRODUCTION 

Seton (1 909) was one of the eariy naturalists to study and write about the 

life history of the North Amencan Beaver (Castor canadensis). He observed that 

the beaver is serni-aquatic and mainly noctumal in habit. Beavers emerge frorn 

lodges or bank burrows in the late aftemoon or early evening to commence their 

nightly activiües of foraging. repair to the lodge and/or dams and play (Green 

1936. Schramm 1968. Anonymous 1978). Beavers are active during the day, 

but usually only for brief periods for food gathering (Green 1936, Wheatley 

1989). Studies on the order of emergence from the lodge have been conducted 

(Schramm 1968, Brady and Svendsen 1981). however discussions on the 

factors which govem daily emergence are lacking in the literature. 

The objectives of this study were to determine if weather conditions andlor 

sunset times play a role in daily ernergence time. 



METHODS 

EMERGENCE TIME FROM THE LODGE 

Nightly emergence times fmm the lodge were recorded for each mernber 

of the beaver family I was studying, including the two juvenile males, the juvenile 

fernale and the adult female to detemine if weather or sunset times play a role in 

the commencement of nig htly acüvity. 

During the first few weeks of the field research, nightly observations of the 

beavers comrnenced at the lodge between 18:OO and 19:OO hours. The beavers 

had usually emerged from the lodge by this time. It was ultimately deterrnined 

that the beavers did not usually emerge frorn the lodge prior to 16:OO hours to 

begin their nightly activities. Thus observations of the beaven' emergence times 

were made from a freighter canoe I anchored 30 - 40 m the lodge prior to 16:OO 

hours daily. 

Emergence times were usually determined by visual identification when a 

beaver would appear swimming in the water outside of the lodge and by radio 

telemetry. When the signal for a beaver inside the lodge grew weak and the 

beaver did not surface, this indicated that the beaver had swum undenvater to a 

location behind where I was anchored and was not observed visually. 

WEATHER DATA 

Daily weather data at the site were also collected. These included: 



1. Air temperature (OC) using a 4 0 ' ~  thermometer held at approximately 

0.5 rn from the surface of the water; 

2. Water temperature (OC) using a 4 0 ' ~  thermometer held within the top 30 cm 

of the water; 

3. Wind direction (Le.: N, NE, WSW etc.) was noted by observing the direction 

of waves; 

4. Wnd speed (rnkec) was measured using a hand-held anemometer at 

approximately 1 m from the water's surface; 

5. Percent ctoud cover was deterrnined as a measure in tenths between O - 1 

with O being clear sky and 1 being complete cloud cover from horizon to 

horizon; 

6. The amount of precipitation (mm) in the previous 24 hours was recorded (as 

measured from a rain gauge at the field station). 

7. 1 also obtained daily sunset times for Wallace Lake (51002'40" N latitude, 

95020'40" W longitude) from the Planetarium of the Manitoba Museum of Man 

and Nature in Winnipeg. "Sunset" in this paper is defined as the time at which 

the upper limb of the sun touches the horizon for 51002'40" N latitude, 95020'40" 

W longitude (Valentin, 1998). As well, al1 sunset and emergence times recorded 

in this paper have been adjusted to Central Standard Time. Refer to Appendix I 

for a list of daily sunset times for 1992 and 1993 used in this study. 



RESULTS 

WEATHER AND EMERGENCE TlME 

I examined each set of weather variables (1 992 and 1993 combined) 

versus emergence time from the lodge for al1 of the beavers studied (two juvenile 

males, juvenile female and aduit female) by regression analysis to determine if 

nightly emergence time by beavers is related to weather conditions. Regression 

analysis of emergenœ time with air temperature for al! of the beavers studied 

revealed a low ? value of 0.07. Furthemore, regression analysis of water 

temperature, wind direction, wind speed. percent cloud cover and precipitation 

with emergence time revealed the following ? values: 0.05, 0.04, 0.03, -0.0009 

and 0.02 . These low ? values indicate that a relationship behnreen these 

weather conditions and emergence time is insignificant. 

To determine if a combination of weather conditions may affect nightly 

emergence time, I applied multiple regression analysis to al1 sets of weather data 

versus emergence tirne (1 992 and 1993 combined). This analysis revealed an ? 

value of 0.158, higher than the separate values obtained in the regression 

analysis, but still indicating little relationship between emergence time and 

weather. 

SUNSET AND EMERGENCE TIME 

I designated nightly observations of emergence times for each beaver 

family member into 30 minute intervals described by one of nine categories as 



follows: +I%O, 150-1 80, 120-1 50, 90-1 20, 60-90, 30-60 and 0-30 minutes before 

sunset and 0-30 and 30-60 minutes after sunset. Histograms of the 1992 and 

1993 data show the distribution of these categories for each beaver farnily 

member (Figures 1 and 2). 

ln 1992 a total of 73 emergence time observations were made, 31 

observations for the two yearling males (averaged), 16 observations for the 

yearling female and 26 for the adult female. The beaven pnrnarïiy emerged 

from the lodge 30-120 minutes before sunset with 81%, 48%. and 69% of the 

emergence observations for the adult female, the yearling males and the yearling 

female occuring within this time frame (Figure 1). 

In al1 of the 26 emergence observations made on the adult female in 1992 

she was not observed to leave the lodge after sunset (Figure 1). Both the 

yearling males and the yearling females were observed to leave the lodge after 

sunset, up to 30 and 60 minutes after sunset respectively (23% and 13% of 

observations respectivley). Only the adult female and the yearling males were 

observed to leave the lodge earlier than 120 minutes before sunset (4% and 

29% respectively). 

In 1993 a total of 69 emergence tirne observations were made, 26 

observations for the two-year old male, 23 observations for the two-year old 

female and 20 observations for the adult female. 

Compared with 1992, emergence times were more variable in 1993 with 

al1 of the beavers observed to emerge from the lodge up to and including 180 



Mean of two yearling 
males 

l z d  Yearling fernale 

Adut fernale 

-1 50 -1 20 -90 -60 -30 O 30 60 90 
Sunset 

TIME BEFORE (-) I AFTER SUNSET (min.) 

Figure 1: Cornparisons of observed emergence times from the lodge for the yearling males, 
yearling female and the adult female beaver of the family in 1992. 





minutes prior to sunset (Figure 2). In 1993 the beavers were observed to 

emerge from the lodge primarily between 30 to 150 minutes before sunset. The 

two-year old male, two-year old female and the adult female were observed to 

emerge from the lodge 30 to 150 minutes before sunset in 85, 83 and 55% of the 

total obseivations for each beaver respectively. In addition, in 1993 the two year 

old male and female, as well as the addt female were al1 obsewed to leave the 

lodge at least once af€er sunset. All three of these beavers were also observed 

to leave the lodge more than 180 minutes pnor to sunset. 

Chi-square analysis was conducted to determine whether the observed 

differenœs in ernergence time between the adult female and the juveniles was 

significant (for both 1992 and 1993 combined). The results indicate that these 

observed diiTerences are not statistically significant (chi-square = 8.73, P>0.100). 

However, observed differences in emergence times between the two years (for 

al1 of the beaver family members combined) was found to be statistically 

significant (chi-square = 15.74, Pc0.0005). 



DISCUSSION 

SUNSET AND EMERGENCE TIME 

The fact that beavers are mainly but not exclusively noctumal in habit is 

undisputed in the literature (Seton 1 909, Green 1 936, Schramm 1968. Bovet and 

Oertli 1974, Brady and Svendsen 1981, Belovsky 1984). Reports correlating 

nightly beaver emergenœ from the lodge with environmental factors such as 

weather conditions and light, including sunset times, are essentially lacking. 

Bovet and Oertli (1 974) and Potvin and Bovet (1 975) have studied beavers in 

Canada where they found that the animals exhibit a circadian rhythm of activity 

that spans approximately 24 hours in the summer and 27 hours in the winter. 

They suggest beaver may be influenced by light intensity. Green (1 936) 

discusses that when the sun sets there is a general movement of the colony out 

of the lodge but he does not discuss how soon before or after sunset the 

beavers leave the lodge. Brady and Svendsen (1981) report on the order of 

emergence from the lodge by various members of the beaver family they were 

studying, but they did not report on the actual times the beavers emerged 

nig htiy. 

My results revealed a relationship between emergence time and time of 

sunset. The juvenile males and female and the adult female emerged from the 

lodge in 1992 usually between 30 to 120 minutes prior to sunset (Figure 1). In 

1993 the emergence times were more variable with most of the emergence 

observations occumng between 60 to 150 minutes prior to sunset (Figure 2). 



The beavers were rarely observed to stay in the lodge until the sun had set. The 

observed differences in emergenœ time by the family members was not found to 

be statistically significant; however, differences in emergence time between 

years for al1 of the family memberç combined was found to be statistically 

significant. 

WEATHER AND EMERGENCE TlME 

I found no correlation between beaver emergence time from the lodge and 

weather conditions including air temperature, water temperature, wind speed, 

wind direction, percent cloud cover and precipitation. As well, multiple 

regression analysis of al1 of the weather conditions versus emergence time also 

revealed no correlation. 

Belovsky (1 984) correlated beaver activity with the thermal environment. 

He found that the main activity period for beaver in his study was during the 

coldest ambient air temperatures, which occurred between 1900 to 0700 hours. 

He also found that a peak of activity sometimes occurred from 1300-1 500 hours 

when the water was cooler than the air or at a time when the thermal 

environment was as amiable for foraging activity as it was for rest. 



CONCLUSIONS 

Nightly emergence from the lodge by beavers appears to be correlated 

wlh the tirne of sunset, with most emergence by the beavers O C C U ~ ~ ~  30 to 150 

minutes prior to sunset. Weather conditions appear to have Iittle influence on 

nightly beaver emergence; however, further study may be required. 
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APPENDIX 1: SUNSET TIMES FOR 1992 AND 1993 
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