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Key words: Lepus timidus, aspen, birch, chemical defense Winter food choice of hares Lepus timidus L. have been studied extensively (Edmund 1972; Pulliainen 1972; Bryant and Kuropat 1980; Bryant 1981; Aarnio 1983; Jokinen 1983; Helminen et al. 1984; Palo 1984; Danell et al. 1985; Helle et al. 1986; Rousi et al. 1991; Tahvanainen et al. 1991; Rousi et al. 1996). These hares of northern distribution are selective generalists in their feeding habit both during winter and summer. During summer hares mainly consume herbs and grasses (Helminen et al. 1966; Pulliainen 1972; Tahvanainen et al. 1991), whereas during autumn they switch to dwarf shrubs. During the harsh winter period they consume woody shrubs and shoots as well as twigs of deciduous species (Pulliainen 1972; Helminen et al. 1984; Helle et al. 1986). Aspen Populus spp. and willows Salix spp. appear to be highly favoured food plants in winter. The hares consume both bark and twigs of aspen and willow but the bark of birch Betula spp. is not usually preferred. Thin twigs and shoots of the birch are, however, commonly consumed (Helle et al. 1986; Pisto 1987; Rousi et al. 1988; Uotila 1988; Tahvanainen et al. 1991). Deciduous plants and shrubs have developed diverse chemical defence mechanisms against consumption by hares and other browsing mammals (Bryant et al. 1992; 1616-5047/03/68/01-048 $ 15.00/0.



Rousi et al. 1997; Mutikainen et al. 2000). Phenolics and terpenoids are the most important compounds in the chemical defence of the boreal woody plants (Bryant and Kuropat 1980; Bryant 1981; Palo 1984, 1985, 1987; Tahvanainen et al. 1985 a; Tahvanainen et al. 1991). Although different deciduous species and even individual plants of different age vary greatly in their resistance to browsers (Bryant and Kuropat 1980; Bryant 1981; Sinclair and Smith 1984; Tahvanainen et al. 1985 b; Rousi et al. 1987), very little is known about how hares select their food throughout the winter period. In Finland only Pulliainen (1972) has followed food composition by hares through winter. In northern boreal regions, thick snow layers totally cover many low-growing dwarf shrubs through most of the winter season and shrubs which are basically highly suitable for the mountain hare. Therefore, it is probable that in most years in most regions hares may be threatened by starvation due to the shortage of highquality food for long periods during winter months. It is, however, possible to add supplementary food for hares in winter. Usually, hunters fell aspens and additionally offer hay for hares. However, only little information is available on the trees that are the best supplementary food plants for hares



Feeding intensity of Lepus timidus during winter and which time is the best in winter to offer supplementary food. To answer these questions supplementary food was offered to hares throughout winter period in a mature forest habitat in eastern Finland. The feeding trial was conducted in Ilomantsi in eastern Finland (62°37' N, 30°43' E) in 1993. The experimental area was about 25 hectares. Habitat included mainly over 60-years old spruce forests with scattered deciduous trees. There were hardly any open forest or young trees in the study area, meaning that there was an obvious shortage of food in this forest. The locations of the feeding sites were distributed randomly within the study area. The types of supplementary food were goat-willow, birch, aspen, salted hay and non-salted hay. There were five replicates of sites for each food type, one type/hectare. At each feeding site for aspens, goatwillows and birch, originally the upper part of one tree crown was offered. During the winter new and fresh tree crowns were added to feeding sites whenever the previous one had been heavily browsed by the hares. The birches were represented randomly by B. pendula and B. pubescens approximately in equal proportions. There were 25 feeding sites in total, one supplementary food type per hectare. Aspens, birch and goat-willows were offered as 3 m long tops of mature trees. Hay consited of many different species of grasses and herbs; the proportion of clover Trifolium pratense was about 50%. Salted hay included 4% by weight of natrium chloride (NaCl). The intensity of feeding by hares at feeding sites was estimated by counting the faecal pellets of hares at all sites over intervals of several days throughout the study period. AngerbjoÈrn (1984) has shown that pellet counts are a suitable method for studying population densities of hares, and obviously pellet counts provide a suitable index of feeding activity at sites where supplementary food was offered. Pellets were counted at every feeding site two to five times per week, throughout the winter period. The survey area at each site



49



was 5.0 m2. Feeding trials lasted from January to May 1993. In early winter hares seem to be rather stationary but after the beginning of March their home ranges become larger (Kauhala et al., unpubl.). Therefore, the whole winter period was divided into two parts: January± February and March±April. Pellets were not normally distributed among the feeding sites, not even after appropriate transformation. Therefore, non-parametric tests were used in testing the differences in hare feeding intensity between the study periods (i. e. Wilcoxon paired-sample test) and between the food types (Zar 1996). Hares visited the feeding sites only occasionally during January±February. In the middle of March they started to forage more intensively at the feeding points (Fig. 1), and the feeding intensity on the offered tree species increased from January± February to March±April (Wilcoxon paired-sample test N = 13; T = 0; P < 0.001, data on all tree species combined, zero differences ignored in the test). Hay sites did not attract hares at all in January-February (mean pellet numbers per feeding site: salted hay 2.2, non-salted hay 0). In March±April hay sites attracted hares (mean pellet numbers per feeding site: salted hay 57.6, non-salted hay 7.4). From the middle of March on ward all feeding points attracted hares and forage was intensively consumed until the end of April. Feeding trials were stopped at the end of April because of rapid and increasing snow melt. Food types showed no differences in mean pellet no./site (Fig. 1; January±February H = 0.626, P > 0.1; March±April H = 3.040, P > 0.1). Hares began by consuming the tips of the aspen twigs first. Bark of the thicker twigs and stems also attracted hares. They did not feed on buds of aspen but rejected them to the snow. Thin twigs of goat-willows appeared to be highly preferred. After twigs were consumed the hares also fed on the bark of goat-willows. Buds of the goatwillow were also rejected and left on the snow. The hares, however, did not consume the bark of birch at all, but only the tips of the thin twigs.
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Fig. 1. The intensity of feeding by the mountain hare on birch, goat-willow and aspen, based on pellet counts, in early (January±February) and late (March±April) winter. Figures represent average pellet numbers per one week and one feeding site in January±February and March-April. SD = + 1 SD.



The trials showed that hares also consume hay in winter. It appears that they clearly prefer salted hay (total pellet counts 299) over non-salted hay (total pellet counts 37). In summer hares consume different grass and herb species as well as horsetails Equisetaceae (Seiskari 1963; Helminen et al. 1966). Seiskari (1963) found that hares chose bilberry Vaccinium myrtillus in autumn but not in summer. In the present study hares were observed to consume bilberry Vaccinium myrtillus, red whortleberry Vaccinium vitis-idaea and Labrador tea Ledum palustre in January when, quite exceptionally, the ground was not yet covered by snow. Hares generally consumed dwarf shrubs in autumn before they switched to deciduous trees in winter (Pulliainen 1972). According to this study goat-willow and aspen are highly favoured food species for the mountain hare. Consequently, it is recommended that they should be used as supplementary food whenever available. It is important that aspen and goat-willow felled for the hares should be in the mature



phase. In this study hares fed moderately also on birches but, in general, birches probably are not attractive enough to hares to be a supplementary forage. Bryant et al. (1992) studied two birch species and found that hares prefer Betula pendula in the mature phase and Betula pubescens in the juvenile phase. Concerning the different defence mechanisms against herbivores (e. g. Bryant et al. 1992) three major hypothesis were proposed: the food hypothesis, the secondary chemical hypothesis and the buffer hypothesis. According to the food hypothesis, herbivore mammals select plant species on the basis of nutrients or digestibility; high-nutrient plants are preferred over low-nutrient plants (Miller 1968; Andersson and Markkula 1974). According to the secondary chemical hypothesis (e. g. Bryant and Kuropat 1980) the quantity and quality of the secondary compounds in plant species are crucial. The buffer hypothesis proposes that animals minimize secondary compounds by only consuming small amounts of different plants species (Pulliainen



Feeding intensity of Lepus timidus during winter 1972; Bryant 1981; Jokinen 1983). According to the present state of knowledge the secondary chemical hypothesis and the buffer hypothesis may best explain the hares choice of food during winter. The defence of aspen and willows is based on phenolic glycosides and other phenolic compounds (Palo 1984). Palo (1984) found that the amount of phenolic glycosides varies greater in the bark of the twigs than in the bark of the stem. In the same study Palo (1984) found that aspen possesses a higher concentration of phenolic compounds in the bark of the twigs than in the bark of the stem. Apparently the bark of the twigs contains low amounts of several different compounds. In the feeding trials of this study hares consumed the thin twigs first and then the bark of the twigs of the aspen. Thereafter, hares started to feed on the bark of the stem. Perhaps the thick bark of the stem contains high proportions of dead tissue, cork and fibres, and therefore is not as profitable a food source as the bark of the twigs. The bark of the aspen contains very few single compounds in their twigs compared to the bark of the stem (Palo 1984; Helle et al. 1986). The chemical defence of winter dormant Betula pubescens is based on resinous buds. These buds contain six times more resins than the bark of the same twigs. According to Helle et al. (1986) buds are rich in terpenoid compounds; monoterpenoids and seskviterpenoids. A secondary defence of Betula pendula is based on resin droplets which are situated in the bark (Bryant and Kuropat 1980; Palo 1984; Rousi et al. 1987; Tahvanainen et al. 1991). Resin droplets contain terpenoid compounds, mainly papyrifery acid (Tahvanainen et al. 1991). In the present study the feeding activity of hares increased considerably towards the end of winter. Photoperiod increases in March±April, and at the same time hares become reproductively active. The mobility of the hares markedly increases at that time (Kauhala et al., unpubl.), and the home ranges are at their greatest extent in late winter. Probably, these activities increase the consumption of food. Because the avail-
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ability of high-quality woody browse is most limited in late winter, the supplementary food for hares in the form of felled aspens and willows should be highly favourable for the overall survival and reproductive success of hares.



Acknowledgements I am grateful to J. Tahvanainen and H. LindeÂn for their helpful comments on the manuscript. H. PoÈysaÈ advised with statistical analysis.



References Aarnio, M. (1983): Selection and quality of winter food of the mountain hare in southern Finland. Finnish Game Res. 41, 57±65. Andersson, E.; Markkula, A. (1974): Hirven talviravinnon kemiallisesta koostumuksesta. (Engl. summary) Suomen riista 25, 15±19. AngerbjoÈrn, A. (1984): Reliability of pellet counts as density estimates of mountain hares. Finnish Game Res. 41, 15±20. Bryant, J. P. (1981): Phytochemical deterrence of snowshoe hare browsing by adventitious shoots of four Alaskan trees. Science 213, 889±890. Bryant, J. P.; Kuropat, P. J. (1980): Selection of winter forage by subarctic browsing vertebrates: the role of plant chemistry. Ann. Rev. Ecol. Syst. 11, 261±285. Bryant, J. P.; Kuropat, P. J.; Reichardt, P. B.; Clausen, T. P. (1992): Control over the allocation of resources by woody plants to chemical antiherbivore defense. In: Plant Defenses against Mammalian Herbivory. Ed. by R. T. Palo and C. T. Robbins. Boca Raton, Florida: CRC Press. Pp. 83±102. Danell, K.; Elmqvist, T.; Ericson, L.; Salomonson, A. (1985): Sexuality in willows and preference by bark ± eating voles: defence or not? Oikos 44, 82±90. Edmund, S. T. (1972): Browse selection by deer and hares. J. Wildl. Manage 36, 1344±1349. Helle, E.; Tahvanainen, J.; Julkunen-Tiitto, R.; Uotila, I. (1986): Miten ja miksi metsaÈjaÈnis valikoi talviravintonsa? (summary) Suomen riista 33, 111±120. Helminen, M.; Valanne, K.; Pirkola, A.; Sten, J. (1966): MetsaÈjaÈniksen ja rusakon kesaÈravinnosta. (summary) Suomen riista 18, 133±144.



52



M. HILTUNEN



Helminen, M., Kallonen, S.; Komu, R. (1984): MetsaÈjaÈniksen talviravinnosta. (summary) Suomen riista 31, 38±42. Jokinen, M. (1983): Kasvien kemiallisen koostumuksen vaikutus jaÈnisten ravinnonvalintaan ± katsaus ravintoekologian uusimpiin tutkimustuloksiin. (summary) Suomen riista 30, 51±59. Miller, G. R. (1968): Evidence for selective feeding on fertilized plots by red grouse, hares, and rabbits. J. Wildl. Manage 32, 849±853. Mutikainen, P.; Walls, M.; Ovaska, J.; KeinaÈnen, M.; Julkunen-Tiitto, R.; Vapaavuori, E. (2000): Herbivore resistance in Betula pendula: effects of fertilization, defoliation, and plant genotype. Ecology 81, 49±65. Palo, T. R. (1984): Distribution of birch (Betula spp.), willow (Salix spp.), and poplar (Populus spp.) secondary metabolites and their potential role as chemical defense against herbivores. J. Chem. Ecol. 10, 499±520. Palo, T. R. (1985): Chemical defense in birch: Inhibition of digestibility in ruminants by phenolic extracts. Oecologia (Berlin) 68, 10±14. Palo, T. R. (1987): Chemical defense in a woody plant and the role of digestive systems of herbivores. In: Proceedings. Symposium on plantherbivore interactions. Ed. by F. D. Provenza; J. T. Flinders, and E. D. McArthur. USDA For. Ser. Intermtn. Res.Sta. Gen. Tech. Rep. INT-222. Pp. 103±107. Pulliainen, E. (1972): Nutrition of arctic hare (Lepus timidus) in northeastern Lapland. Ann. Zool. Fenn. 9, 17±22. Rousi, M.; Haggman, J.; Bryant, J. P. (1987): The effect of bark phenolics upon mountain hare barking of winter-dormant scots pine. Holarctic Ecol. 10, 60±64. Rousi, M.; Tahvanainen, J.; Uotila, I. (1988): Inter- and intraspecific variation in the resistance of winterdormant birch (Betula spp.)



against browsing by the mountain hare. Holarctic Ecol. 12, 187±192. Rousi, M.; Mattson, W. J.; Tahvanainen, J.; Koike, T.; Uotila, I. (1996): Growth and hare resistance of birches: testing defense theories. Oikos 77, 20±30. Rousi, M.; Tahvanainen, J.; Henttonen, H.; Herms, D. A.; Uotila, I. (1997): Clonal variation in susceptibility of white birches (Betula spp.) to mammalian and insect herbivores. For. Sci. 43, 396±402. Seiskari, P. (1963): JaÈniksen kesaÈravinnosta. (summary) Suomen riista 16, 46±55. Sinclair, A. R. E.; Smith, J. N. M. (1984): Do plant secondary compounds determine feeding preferences of snowshoe hares? Oecologia (Berlin) 61, 403±410. Tahvanainen, J.; Julkunen-Tiitto, R.; Kettunen, J. (1985): Phenolic glykosides govern the food selection pattern of willow feeding leaf beetles. Oecologia (Berlin) 67, 52±56. Tahvanainen, J.; NiemelaÈ, P.; Henttonen, H. (1991): Chemical aspects of herbivory in boreal forestfeeding by small rodents, hares, and cervids. In: Plant Defenses against Mammalian Herbivory. Ed. by T. R. Palo and C. T. Robbins. Boca Raton, Florida: CRC Press. Pp. 115±131. Tahvanainen, J.; Helle, E.; Julkunen-Tiitto, R.; Lavola, A. (1985): Phenolic compounds of willow bark as deterrents against feeding by mountain hare. Oecologia (Berlin) 65, 319± 323. Zar, J. H. (1996): Biostatistical Analysis. 3rd ed. New Jersey: Prentice Hall. Author's adress: Matti Hiltunen, Finnish Game and Fisheries Research Institute, Kauppaktatu 18±20, FIN-80100 Joensuu, Finland (e-mail: [email protected])
























×
Report "Feeding intensity of mountain hares (Lepus timidus) during winter in Finland"





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Send

























Contact information


Joseph Rodriguez

 [email protected].


 Address: 


Tiptrans, Ste #29578,

Slevacska 476/2A,

Rumburk,

Ustecky / Usti nad Labem, 40801

Czech Republic






Helpful Links

	About Us
	Contact Us
	Copyright
	Privacy Policy
	Terms and Service
	FAQ
	Cookie Policy








Subscribe our weekly
Newsletter




Subscribe



















Copyright © 2024 C.COEK.INFO. All rights reserved.

	
	
	
	
	



























Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & close




