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ABSTRACT: Countsof faecal pellet groupshave beenwidely used to estimate popul ation densities
and trends of large ungulates like moose (Alces alces). The visibility of pellet groups affects the
accuracy of estimates, decreases with time, and varies among habitat types. | investigated the
impact of season and habitat type on how, over time, visibility of moose pellets decreased along
aforest productivity gradient in boreal forests of northeastern Sweden. Visibility decreased at the
fastest rate during the transition from spring to summer due to concealment by new vegetation.
Visibility also varied significantly among habitat types and was correlated with vegetative litter
production. After one winter of exposure, more than 95% of all pellet groups were visible
independent of habitat type, but thereafter visibility decreased fastin more productive habitats. The
results demonstrated that if study plots are cleared in late autumn after the vegetation period and
then visited as soon as possible after snowmelt, pellet counts can be used to estimate population
trends and habitat use of moose in winter without bias caused by differences in visibility within
different habitat types. Also, the correlation with litter production suggests that if a sightability
correction factor is developed, pellet counts could be used to estimate habitat use and population
distribution during the vegetation period and with longer periods between plot visits.

ALCESVOL. 39: 233-241 (2003)

Keywords: Alcesalces, habitat, management, moose, pellet counts, productivity, season, visibil-
ity

Counts of faecal pellet groups have
been widely used to estimate population
densities and trends of large ungulates
(Wallmo et al. 1962, Neff 1968,
Timmermann 1974, Harestad and Bunnell
1987). Itisalessexpensivetechniquethan
population estimates from aircraft
(Harkonen and Heikkil&1999) and might be
more preciseinforestswith denseoverstory
vegetation (Jordan et al. 1993), although
there are methodological problems (Neff
1968).

Thevisibility of pellet groupsisanim-
portant factor affecting the estimates from
pellet counts(Wallmoetal. 1962, L ehmkuhl
et al. 1994), but is rarely attributed much
importance (Harestad and Bunnell 1987,
Aulak and Babinska-Werka1990). Visibil-

ity decreases with time as a result of con-
cealment by vegetation and decay proc-
esses. The commonly used “clearance-
plot” method is based on faecal accumula-
tioninpreviously cleared plots. Correcting
for pellet groupswhich have becomeinvis-
ible between consecutiveplot visitsiscriti-
cal for thereliability of themethod (M assei
et al. 1998).

How fast visibility decreases depends
to a great extent on habitat type (Smith
1968, Lavsund 1975, Harestad and Bunnell
1987, Lehmkuhl et al. 1994, Massei et al.
1998). Visibility decreasesfaster inmoister
habitats with more vegetation than in dry
habitats with scarce vegetation (Lavsund
1975, Harestad and Bunnell 1987, L ehmkuhl
et al. 1994). Faster concealment in more
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vegetated habitats is suggested to be a
primary factor contributing to observed dif-
ferences in visibility of pellet groups
(Harestad and Bunnell 1987), and vegeta-
tivelitter is especially important (Lavsund
1975). Thedecreaseof visibility alsovaries
by season and decreases faster during the
growing season and in autumn than in win-
ter (Aulak and Babinska-Werka 1990,
Massei et al. 1998).

There is ageneral lack of information
on the fate of moose pellets, especialy in
areas where moose densities are high and
where pellet counts could be an alternative
to helicopter surveys and other methods of
population estimation. My study objective
wasto estimate seasonal and habitat differ-
encesinvisibility of moosepellets(i.e., the
percentage of the original surface area of
each pellet group still visible). More spe-
cifically, | tested how fast visibility de-
creased in spring, summer, and autumn re-
spectively, if visibility was correlated to
habitat productivity, andif someplantsand
substrates (i.e., the ground cover the pellet
groups were lying on) contributed more
than othersto adecreasein visibility.

STUDY AREA

Thestudy wasdoneinthemiddleboreal
zone (Ahti et al. 1968) of coastal northern
Sweden (Fig. 1), at 8sites(Table1l) situated
50 - 90 km north and north-west of Umea
(63°50' N, 20°18' E). The length of the
vegetation period (average day tempera-
ture > 5° C) was 120 - 150 days with onset
between 10 and 20 May. Y early precipita-
tion was 600 - 700 mm (Raab and Vedin
1996), and precipitation during the vegeta-
tion period was 300 - 350 mm (Nilsson
1996). Snow covered the ground approxi-
mately from 20 - 25 October to 5 - 15 May
(Raab and Vedin 1996). All sitesused in
thisinvestigation were young forest stands
of Scots pine (Pinus sylvestris), inter-
spersed with variousdeciduoustrees; mainly
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Fig. 1. Map of Sweden showing the study area.

birches (Betula pubescens and B.
pendula), but also rowan (Sorbus
aucuparia), aspen (Populus tremula), and
willows (Salix spp.). Raspberry (Rubus
idaeus), wavy hair grass (Deschampsia
flexuosa), Dblueberry (Vaccinium
myrtillus), lingonberry (V. vitis-idaea),
heather (Calluna vulgaris), and fireweed
(Epilobium angustifolium) were common.
To prevent bias caused by differences in
soil moisture among sites, the sites were
selected to have as little slope as possible.

METHODS

Thestudy sites(Table 1) were selected
to represent aforest productivity gradient,
covering the range of forest types in the
region (Hagglund and Lundmark 1987,
Fridmanet al. 2001). Siteproductivity was
estimated as Sitel ndex (estimated top height
at 100 years) for Scots pine using methods
developedfor youngforest stands (Lindgren
etal. 1994, Elfving and Kiviste 1997). Site
index isacommon measurement of habitat
productivity inforestry in Sweden (Persson
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Table 1. Study sitesranked by increasing Site Index for Scots pine (mean top height in meters at
100years). Litter production (gdry massper m?andyear; all treatment plots per exclosure pooled)
estimated 2001-02 (Persson 2003), mean age of trees (years), geographic location (WGS84),
altitude (m above sealevel), and major tree species present.

Site Site Litter ~ Mean Geographic Altitude Tree

Index Age Location Speciest
L 6gdaberget 129 18.08 16 64°00'N, 18°45'E 300 B, P, Po, (S, Sa)
Skatan 147 15.85 9 64°13'N,19°09'E 265 B, P, (Po, Sq)
Djupsi6brénnan 243 15.83 9 64°06'N,19°12'E 20 B,P,Sa
Atmyrberget 248 5502 9 64°12'N,19°17'E 305 B,P, S, Sa, (Po)
Selsherget 263 1140 7 64°15'N,19°16'E 175 B,P, S, (Po, Sa)
MortsjOstavaren 264 56.38 7 64°22'N, 20°07'E 230 B,P,S Sa
Ralberget 213 27115 9 64°13'N, 20°42'E 20 B,P, S, Sa, (Po)
Ronné&s 279 1201 9 64°02'N, 20°40'E 62 B, P, (Po)

1 B = Betula spp., P = Pinus sylvestris, Po = Populus tremula, S = Sorbus aucuparia, and Sa= Salix
spp. Tree species occurring sparsely are in brackets.

2003). However, Site Index is developed
for conifers, and studies have shown that
conifers and hardwoods have fundamen-
tally different soil-plantinteractions(Ollinger
et al. 2002). Litter production might be a
better biological measurement of habitat
productivity (Persson 2003). Thus, | also
tested for rel ationships between thevisibil -
ity of pellet groups and vegetation litter
productionin each plot.

Thestudy of pelletvisibility wasdonein
connection with an experimental study,
where browsing, defecation and urination
of different level sof moosepopul ation den-
sity weresimulatedin 8 exclosures(i.e., the
study sites) along aforest productivity gra-
dient (Persson 2003). To simulate defeca-
tion, 39 pellet groupsof 0.8 litreswerelaid
out at each study site on 4 occasions (May
1999, October 1999, June 2000, and August
2000). The number of pellet groups was
estimated based on defecationratesof moose
(Persson et al. 2000). The pellet groups
were deposited within circles of 35 cmin
diameter and marked with aplastic stick in

the centre. The moose pellets were col-
lected from a nearby moose farm. Pellet
groups showing clear evidence of decom-
position were not collected. The animals
were using mainly natural habitats and had
free access to natural food (Nyberg and
Persson 2002). It wasthusan experimental
study with pellet groups of equal size and
origin.

Twelverandomly sel ected pell et groups
from each of the 4 age classes of pellets
(i.e., pellet groupslaid out May 1999, Octo-
ber 1999, June 2000, and August 2000)
were investigated at each site; 48 pellet
groups per site and 384 for the whol e study
(one pellet group was not found in spring
and some otherswere not found in summer
and autumn; thetotal nwastherefore383in
spring, 376 in summer, and 371 inautumn).
The reason for the missing pellet groups
was that some markers were accidentally
kicked down by fieldworkers during the
experimental treatment.

The same pellet groups were investi-
gatedinspring(21-31May), insummer (16
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- 20 July), and after the vegetation period
(22 - 31 October) in 2001.

At each visit, visibility (from standing
position) was estimated to the nearest 5%.
All pellet groups which became invisible
disappeared dueto conceal ment by vegeta-
tion, not as aresult of decay. No signs of
other wildlife having disturbed the pellet
groupshby scratchinginsearchforinsectsor
nematodes were found.

Therelationshipsbetweenvisibility and
Sitelndex, aswell aslitter production, were
checked. Percentage of thedifferent plants
which covered the pellet groups either by
growing over themor by litterfall wasvisu-
ally estimated to the nearest 5%, and clas-
sified as lichens, mosses, grasses, forbs,
dwarf shrubs, raspberry, ferns/horsetails,
and litter. Because there were few values
for someplant groups, sitedifferenceswere
only tested for the most common groups.
Ground cover was recorded as lichens,
mosses, grass, or bare ground.

Data were analysed statistically using
the SAS System for Windows (version 8.2,
2001). TheKruskal Wallistest wasusedto
test for differencesinvisibility among study
sites, plants concealing the pellet groups,
and substrate types (Siegel and Castellan
1988). Correlationsbetweenvisibility, Site
Index, and litter production were checked
using the Pearson correlation coefficient
(Fry 1999) or (if the assumptions for a
parametric test failed) the Spearman corre-
lation coefficient (Siegel and Castellan
1988). When significant correlationswere
found, linear regression modelsweredevel -
oped. Thesignificancelevel wassetata =
0.05.

RESULTS
The mean visibility (the percentage of
the original surface area of each pellet
group visible) decreased withtime (Fig. 2).
The largest decrease in visibility was 10%
per month, and occurred during the transi-
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Fig. 2. The change in percent visibility (mean
and standard deviation) with time of moose
faecal pellets, all study sites pooled.

tionfrom springto summer after onewinter
(9monthsof exposure). Thereafter, visibil-
ity decreased at a slower rate.

Themeanvisibility differed significantly
among study sites for all seasons: (spring:
Kruskal Wallistest, c2=100.92, P<0.001;
summer: c2 = 174.25, P < 0.001; and au-
tumn: c2 = 149.60, P < 0.001; df = 7in all
tests, Fig. 3). No correlations were found
between the mean visibility and Site Index
for all pellet groups pooled or for spring,
summer, and autumn respectively for pellet
groupslaid out in 1999 and 2000 combined
(Spearmanr, P> 0.16for all tests) or pellet
groups laid out in 2000 (P > 0.07 for all
tests). However, there were significant
negativecorrelationsbetween meanvisibil-
ity andlitter productionfor pellet groupslaid
outin 1999 and 2000 (Fig. 4a), which could
be described by linear regressions (Table
2). For pellet groupslaid out in 2000 there
was a trend, although not significant, that
themeanvisibility of all pellet groupspooled
decreased with litter production (Fig. 4b).
Significant negative correl ationswere al so
found between litter productionand visibil-
ity of pellet groups investigated in spring,
summer, and autumn, respectively (Table
2).

Therelativeproportionsof plant groups
concealing pellet groups differed signifi-
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Fig. 3. Themean visibility of moose faecal pel-
lets at different study sitesranked according
to Sitelndex, investigated in spring (a), sum-
mer (b), and autumn (c).

cantly among study sites for all seasons
(Table 3, Fig.5). Grassescontributed most
tothe concealment in all seasons, and at all
study sitesexcept L 6gdaberget and Skatan.
M osses were also important in all seasons
and at all study sites, whereaslichens only
wereimportant at L 6gdaberget and Skatan.
Atmyrberget and Mortsjdstavaren had the
richest field vegetation, and in addition to
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Fig. 4. The negative correlation between mean
visibility (%) and habitat productivity esti-
mated as litter production (g dry mass per m?
andyear): (a) all faecal pellet groupsandinves-
tigations pooled for pellet groups laid out in
1999 and 2000, exposed for an average of 18
months; and (b) all pellet groups and investi-
gations pooled for pellet groups laid out in
2000, exposed for an average of 12 months.

grass, raspberry, forbs, ferns, and horsetails
covered the pellet groups at those sitesin
summer, whereas litter was important in
autumn.

Thevisibility of pellet groups differed
significantly among substrate types for all
seasons: (spring: Kruskal Wallistest, c2=
73.61, P<0.001; summer: c2=128.44,P<
0.001; and autumn: c2=114.44, P < 0.001;
df = 2 in all tests, Fig. 6). Only 4 pellet
groupswereon barren ground, and because
low sample size makes statistical tests un-
reliable, these groups were omitted from
the analysis. Visibility was highest on li-
chen substrate and lowest on grass. The
difference among substrate types was

237



VISIBILITY OF MOOSE PELLETS—-PERSSON

ALCESVOL. 39, 2003

Table2. Statisticsfromtheregression models (F, P, and R?) describing correl ations between mean
visibility (%) of faecal pellet groupsand vegetativelitter production (g dry mass per m? and year)
for pellet groups laid out in 1999 and 2000 combined, as well asin 2000. The regressions are
estimated as In visibility = In litter for all pellet groups and investigations pooled for each site
(“Total"), aswell asfor all pellet groups at each site of theinvestigationsin spring, summer, and

autumn 2001, respectively.

1999and 2000 2000
Total F=8.84,P=0.025,R*=0.60 F=5.69,P=0.054,R?=0.49
Spring F=9.34,P=0.022,R?=0.61 F=8.01,P=0.030,R?=0.57
Summer F=12.08,P=0.013,R?=0.67 F=8.88,P=0.023,R?=0.60
Autumn F=13.41,P=0.011,R?*=0.69 F=8.00,P=0.030,R?=0.57

higher in summer and autumnthanin spring:
In summer and autumn, the mean visibility
was 13 - 16 times higher for pellet groups
lying on lichen than on grass, whereas vis-
ibility was3timeshigherinspring. Visibility
was 4.5 - 5 times higher for pellet groups
lying on mossthan on grassin summer and
autumn, and only 1.7 timeshigher in spring.

DISCUSSION
My study demonstrated that visibility of
moose pellets decreased considerably with
time. Asaresult of concealment by new
vegetation, thelargest decreaseoccurredin
the transition from spring to summer after
one winter of exposure. There were large

habitat differences in how fast visibility
decreased. | found no correl ationsbetween
visibility and SiteIndex, whereasvisibility
was negatively correlated with vegetative
litter production. Litter production could
therefore be used to predict how fast the
visibility of pellet groupsdecreases. Com-
position of theground cover vegetationwas
animportant factor affectingthevisibility of
pellet groups. Visibility was highest on
lichen-rich sites without grass (i.e.,
L6gdaberget and Skatan) and lowest on
sites with rich field vegetation of grass,
forbs, ferns, horsetails, and raspberry (i.e.,
Atmyrberget and M 6rtsjdstavaren).

Pellet groups disappeared as aresult of

Table 3. Results of Kruskal Wallis test for statistical differences in the relative contribution of
various plant groups concealing moose pellet groups among study sites. c2 and P-values are
presented in the table, df = 7 for all tests. Forbs, shrubs, raspberry, ferns, horsetails, and litter
(in summer) contributed less to the concealment and were omitted in the tests.

Vegetation Spring (c?, P) Summer (c?,P) Autumn (c?, P)
Lichens 140.13,<0.001 165.31,<0.001 192.11,<0.001
M osses 14.13,=0.049 26.51,<0.001 37.52,=0.005

Grass 139.80,<0.001 139.80,<0.001 192.11,<0.001
Litter 161.97,<0.001 - 207.59,<0.001

"~ Alces
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Fig. 5. Therelativecontribution (mean and stand-
ard deviation) of the most important vegeta-
tion types concealing moose faecal pellet
groups at different study sites ranked after
Sitelndex; investigatedin spring (a), summer
(b), andautumn (c). Forbs, shrubs, raspberry,
ferns, horsetails, and litter (in summer) con-
tributed less to the concealment and were
omitted in the figures.

conceal ment by vegetation rather than de-
cay processes. Studies from Vancouver
Island, British Columbia (Harestad and
Bunnell 1987), and the Olympic Peninsula,
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Fig. 6. Thevisibility (mean and standard devia-
tion) of moosefaecal pelletslyingondifferent
substrate types, all study sites pooled.

Washington (Lehmkuhl et al. 1994), have
reported theopposite. However, their stud-
ieswere done in areas with milder climate
and higher annual precipitation. Therela-
tively coldand dry climateinmy study area
wasprobably themain explanationfor lower
decay rates. V egetation concealment likely
results in higher moisture which increases
decompositionrateand decreasesvisibility
in more moist and vegetated habitats
(Lehmkuhl et al. 1994). Itislikely that the
sites with the richest field vegetation also
offered the moistest conditions at ground
level.

Reliable methodsto estimatepopulation
density, habitat use, and distribution of moose
are important for wildlife and forest man-
agement (Harkonen and Heikkila 1999).
Unless pellet counts are done immediately
after snow melt before green up, one needs
to know how fast visibility decreases, and
habitat differences must be regarded. Af-
ter one winter of exposure, more than 95%
of the deposited pellet groups were visible
(i.e., visibility > 0 from standing position)
independent of habitat type in the study
area. Population trends and habitat use by
mooseinwinter canthusbe estimated with-
out biasescaused by visibility differencesin
boreal forest habitats with arelatively dry
and cold climate. Because of the fast
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declineinvisibility after thefirstwinter, itis
important to clear the study plots in late
autumn after thevegetation period and then
visitthemassoon aspossibleafter snowmelt.
However, moose have different food pref-
erences in summer and winter (Cederlund
et al. 1980, Bergstrom and Hjeljord 1987),
and habitat use and distribution of moosein
the vegetation period is also interesting to
reveal for moose managers. The correla-
tionsbetweenvisibility andlitter production
suggest that visibility can be estimated asa
function of habitat productivity. Morestud-
iesof therelati onship betweenvisibility and
habitat productivity should bedoneto estab-
lishasightability correction factor for vari-
ous habitat types. The pellet count method
could then be used to estimate habitat use
and populationdistributioninthelandscape
during thevegetation period and withlonger
periods between plot visits.

ACKNOWLEDGEMENTS

Thanks to Christer Johansson for al-
lowing me to collect moose pellets at his
moose farm in Bjurholm, and the forest
companies Assi Doman and Holmen Skog
where the study sites were located. | am
also grateful to Professor Kjell Danell and
Professor Roger Bergstrom for help with
theplanning of thestudy aswell asvaluable
discussions and comments concerning the
manuscript. Thestudy wasfinanced by the
Swedish Council for Forestry and Agricul-
tural Research and the Swedish Environ-
mental Protection Agency (grantsto Kjell
Danell and Roger Bergstrém).

REFERENCES

AuTI, T., L. HAMET-AHTI, and J. JaLAS.
1968. Vegetation zones and their sec-
tionsin northwestern Europe. Annales
Botanici Fennici 5:169-211.

AuLak, W., and J. Basinska-WERkA. 1990.
Estimation of roe deer density based on
the abundance and rate of disappear-

ALCESVOL. 39, 2003

ance of their faeces from the forest.
ActaTheriologica35:111-120.

BerestrROM, R., and O. HiELiorp. 1987.
Moose and vegetation interaction in
northwestern Europe and Poland.
Swedish Wildlife Research Supplement
1:213-228.

CeperLunD, G., H. LJuncouist, G.
MaRrkGReN, and F. StALreLT. 1980.
Foods of moose and roe deer at Grimsd
in central Sweden - results of rumen
content analyses. Swedish Wildlife
Research Supplement 11:169-247.

ELrving, B., and A. Kiviste. 1997. Con-
struction of site index equations for
Pinus sylvestris L. using permanent
plot data in Sweden. Forest Ecology
and Management 98:125-134.

FriDmAN, J., G. KEmPE, P. NiLsson, H. ToET,
and B. WEesTerLUND. 2001. Forestry
statistics 2001. Official Statistics of
Sweden. Swedish University of Agri-
cultural Sciences, Umed, Sweden. (In
Swedish with English summary).

Fry, J. C. 1999. Biological dataanalysis: a
practical approach. Oxford University
Press, Oxford, UK.

HAccLunD, B., and J-E. LunbmARK. 1987.
Handledning i bonitering med
Skogshdgskolans boniteringssystem.
Del 2, diagram och tabeller.
Skogsstyrelsen, Jonkoping, Sweden. (In
Swedish).

HarestaDp, A. S.,and F. L. BunNELL. 1987.
Persistence of black-tailed deer fecal
pellets in coastal habitats. Journal of
WildlifeManagement 51:33-37.

HARKONEN, S., and R. HeikkiLA. 1999. Use
of pellet group counts in determining
density and habitat use of moose Alces
alcesinFinland. WildlifeBiology 5:233-
230.

JorpAN, P. A, R. O. PETERSON, P. CAMPBELL,
and B. McLAReN. 1993. Comparison of
pellet countsand aerial countsfor esti-
mating density of mooseat | sle Royale:

240



ALCESVOL. 39, 2003

aprogress report. Alces 29:267-278.

LAavsunD, S. 1975. Investigationson pellet
groups. Research Notes 23. Depart-
ment of Vertebrate Ecology, Royal
College of Forestry, Stockholm, Swe-
den. (In Swedish with English sum-
mary).

LeHmkuHL, J. F., C. A. Hansen, and K.
SLoaN. 1994. Elk pellet-group decom-
positionand detectability incoastal for-
estsof Washington. Journal of Wildlife
Management 58:664-669.

LinoereN, D., C. C. Ying, B. ELrvinG, and
K.LINDGREN. 1994. Siteindex variation
with latitude and altitude in ITUFRO
Pinus contorta provenance experi-
ments in western Canada and northern
Sweden. Scandinavian Journal of For-
est Research 9:270-274.

Massel, G., P. Bacon, and P. GEnov. 1998.
Fallow deer and wild boar pellet group
disappearanceinaMediterranean area.
Journal of Wildlife Management
62:1086-1094.

Nerr, D. J. 1968. The pellet-group count
technique for big game trend, census,
and distribution: areview. Journal of
Wildlife Management 32:597-614.

NiLsson, N.-E. 1996. Theforest. National
Atlas of Sweden. Bokforlaget Bra
Bocker, Hoganas, Sweden.

NyBeraG, A., and|.-L. PErsson. 2002. Habi-
tat differencesof coprophilousfungi on
moose dung. Mycological Research
106:1360-1366.

OLLINGER, S. V., M. L. SMITH, M. E. MARTIN,
R.A.HaLLetT, C. L. GoopaLE,and J. D.
ABER. 2002. Regional variationinfoliar
chemistry and N cycling among forests
of diverse history and composition.
Ecology 82:339-355.

Persson, I.-L. 2003. Moose population
density and habitat productivity asdriv-
ers of ecosystem processesin northern
boreal forests. Ph.D. thesis, Swedish
University of Agricultural Sciences,

"~ Alces

PERSSON — VISIBILITY OF MOOSE PELLETS

Umed, Sweden.

, K. DaNELL, and R. BERGSTROM.
2000. Disturbance by large herbivores
in boreal forestswith special reference
to moose. Annales Zoologici Fennici
37:251-263.

RaaB, B., and H. VEpin. 1996. Climate,
lakes and rivers. National Atlas of
Sweden. Bokférlaget Bra Bocker,
Hdganas, Sweden.

SAS InsTiTuTE. 2001. SAS System for
Windows. Version 8.2. SASInstitute
Incorporated, Cary, North Carolina,
USA.

SieceL, S., and J. N. CasteLLAaN. 1988.
Nonparametric statisticsfor the behav-
ioural sciences. Second edition.
McGraw-Hill Book Company, Singa-
pore.

SmiTH, R.H. 1968. A comparison of sev-
eral sizesof circular plotsfor estimating
deer pellet-group density. Journal of
WildlifeManagement 32:585-591.

TiMMERMANN, H. R. 1974. Mooseinventory
methods: areview. NaturalisteCanadien
101:615-629.

WaLwmo, O. C., A. W. Jackson, T. L.
HaiLey, and R. L. CaRLIsLE. 1962.
Influence of rain on the count of deer
pellet groups. Journal of WildlifeMan-
agement 26:50-55.

241



