" BioOne COMPLETE

Effects of scale on hunter moose Alces alces
observation rate

Author: Sylvén, Susanne

Source: Wildlife Biology, 6(3) : 157-165
Published By: Nordic Board for Wildlife Research
URL.: https://doi.org/10.2981/wlb.2000.011

BioOne Complete (complete.BioOne.org) is a full-text database of 200 subscribed and open-access titles
in the biological, ecological, and environmental sciences published by nonprofit societies, associations,
museums, institutions, and presses.

Your use of this PDF, the BioOne Complete website, and all posted and associated content indicates your
acceptance of BioOne’s Terms of Use, available at www.bioone.org/terms-of-use.

Usage of BioOne Complete content is strictly limited to personal, educational, and non - commercial use.
Commercial inquiries or rights and permissions requests should be directed to the individual publisher as
copyright holder.

BioOne sees sustainable scholarly publishing as an inherently collaborative enterprise connecting authors, nonprofit
publishers, academic institutions, research libraries, and research funders in the common goal of maximizing access to
critical research.

Downloaded From: https://complete.bioone.org/journals/Wildlife-Biology on 01 May 2024
Terms of Use: https://complete.bioone.org/terms-of-use



Effects of scale on hunter moose Alces alces observation rate

Susanne Sylven

Sylven, S. 2000: Effects of scale on hunter moose Alces alces observation
rate. - Wildl. Biol. 6: 157-165.

Effects of sampling/observation area size on correlations between hunter
moose Alces alces observation rates and moose density estimates have been
evaluated. Each correlation between observation rates and moose density
estimates was examined to discover extreme values strongly influencing
correlations due to small sample sizes. The results of my study suggested
that hunter observation rates were affected by sampling area size. Correla-
tions between observation rates and moose densities indicate that there is a
positive asymptotic relationship between hunter observation rate accuracy
and sampling area, i.e. as the sampling area increases, so does the accuracy
of the hunter observation rate. It was concluded that the accuracy of densi-
ty estimates could be improved by using hunter observation rates obtained
in sampling areas larger than 500 km2. The concordance between moose
counts and densities at this sampling area size was intermediate (rs = 0.5-
0.7). It is suggested that estimates of smaller management units may be im-
proved when using year-to-year surveys at sampling within homogeneous
management units. However, the confidence intervals are generally wide,
and moose regulation authorities using hunter observation rates as a moose
density estimator will have to accept estimates with a relatively low preci-
sion.
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To effectively manage a game species its population
dynamics must be thoroughly understood. Saether
(1997) and Solberg, Saether, Strand & Loison (1999)
illustrated how environmental stochasticity can
affect populations of large herbivores. They also
found that harvesting may have long-term effects on
the population dynamics of ungulates. Lack of sur-
veys and sporadic or biased surveys of such popula-
tions may result in local or regional populations get-
ting totally out of control.

© WILDLIFE BIOLOGY «6:3 (2000)

The moose Alces alces is no exception, and the
high population growth potential of this species
(Cederlund & Markgren 1987, Cederlund & Berg-
strom 1996) underlines the need for a reliable survey
method. Several methods have been proposed for use
in detecting population trends (Caughley & Sinclair
1994). Aerial surveys are considered to be the most
accurate method although dependent on a number of
more or less well-controlled factors (Caughley 1974,
Timmerman 1974, Gasaway & Dubois 1987, Stein-
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horst & Samuel 1989). However, aerial surveys are
costly. A much cheaper alternative is to utilise infor-
mation provided by the thousands of hunters that ob-
serve moose each year, and calculate the number of
moose observations per hunter day (MOHD), partic-
ularly early in the hunting season, in all kinds of hab-
itats. This method has frequently been used in Fen-
noscandia during the last few decades (Jaren 1992,
Nygren & Pesonen 1993, Ericsson & Wallin 1996).
The observation rate (observations per time unit) is
assumed to index population density (Ericsson &
Wallin 1999, Solberg & Saether 1999). Thus, in Swe-
den a large number of small areas are surveyed annu-
ally by hunting teams associated with these areas.
Around 250,000 people hunt moose each year in
Sweden (Ekman 1992), and during the first seven
moose-hunting days in 1997 roughly 4.5 million
hours were spent on moose hunting by Swedish hunt-
ers (J. Kindberg, Swedish Association for Hunting
and Wildlife Management, Research Unit, Uppsala,
pers. comm. 1998). In contrast to aerial surveys,
MOHD estimations do not have to be made in mid-
winter. As a consequence, MOHD data, which are
collected in the hunting season, are not dependent on
'good' snow conditions as are aerial surveys. Another
advantage is that no calculations of population
changes from winter to the opening of the hunting
season have to be made. Although MOHD estimates
can be used to monitor changes in moose population
density and annual reproduction (Fryxell, Mercer &
Gellately 1988, Ericsson & Wallin 1999, Solberg &
Saether 1999), much of the basic knowledge regard-
ing the relationship between moose observations and
population density is still lacking (Crichton 1993,
Ericsson & Wallin 1994).

My present study focused on determining how
large a sampling area should be for it to provide use-
ful MOHD estimates. Hunters tend to use small
areas; one hunting team may cover 20-40 km2or less.
County authorities consider local hunting club terri-
tories to be suitable as survey units for MOHD esti-
mates (Thelander, Geibrink & Geibrink 1986). In
central Sweden (excluding the island of Gotland) in-
dividual club territory units encompass areas of 77-
4,650 km2 (N = 119; J. Kindberg, Swedish Associa-
tion for Hunting and Wildlife Management, Research
Unit, Uppsala, pers. comm. 1998), whereas scientists
refer to large areas, e.g. 1,700-2,800 km2 (Fryxell et
al. 1988, Solberg & Saether 1999). Generally the pre-
cision of an estimate is expected to improve with the
size of the count area. Furthermore, with larger sam-
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pling areas, the likelihood of observing a moose in-
creases (assuming that neither moose activity nor ob-
servation activity per km2show spatial variation) and
the likelihood of only including partial home ranges
in the survey decreases. Thus a large sampling area
should contain a higher number of resident moose,
compared with smaller areas (Wallin, Ericsson &
Cederlund 1995). In a simulation study, Ericsson &
Wallin (1994) found that to detect a 10% change in
density a minimum effort of 5,500-8,500 observation
hours was required. Assuming that a person spends
on average 6.8 hours (G. Ericsson, pers. comm.) hunt-
ing per day, such a high number of observation hours
can only be accumulated in large management units.
Consequently, a sampling area should not be too
small.

In this study, | analysed the effects of sampling/
observation area sizes on the concordance between
MOHD estimates and moose population density esti-
mates. The objective was to determine the minimum
size of a sampling area that can be used to obtain reli-
able population estimates by moose regulation author-
ities. | used MOHD data together with density esti-
mates obtained from aerial surveys and official num-
bers of moose harvested. Furthermore, | controlled
for regionally different relationships to sampling ef-
fort (hunter days: HD) and potentially biased correla-
tions due to the occurrence of extreme values in the
area size intervals due to few samples.

Material and methods

Study area

Data were collected in 10 years over a 17-year peri-
od in four counties, Sddermanland (county D), Dalar-
na (county W), Gavleborg (county X) and Vaster-
norrland (county Y), all situated in central Sweden
(Table 1, Fig. 1). In total, | examined 27 management
units distributed over coastal and inland habitats (see
Fig. 1). Of the 27 management units, seven were sur-
veyed for two or three years (mean: 2.43 times/unit).
All other management units were surveyed once. The
studied areas include farmland and productive forest
habitats.

Hunter survey of moose

Moose observations and hunter days were recorded
for each active hunting day during the first week of
the moose hunt. Hunting teams were asked to record
the number of hunters (observational effort), the
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Table 1. Number of management units and years analysed, moose density estimates at the onset of hunt, and correction factors for aerial

surveys for the four counties (see Fig. 1) surveyed.

Number of Number of

Moose density after correction

Correction factor of aerial survey

County  management units different years Mean + sd N Mean * sd N
D 1 3 2.96 + 0.29 3 1.28 = 0.05 3
Y 4 4 175 + 0.36 6 1.13 + 0.06 5
X 10 5 131 £ 112 14 114 + 0.07 6
w 12 7 117 + 0.29 18 1.15 + 0.06 5
Total 27 - - 41 - 19

number of moose bulls, females with one or two
calves, females without calves, solitary calves and un-
classified moose. The observation period included all
activities associated with the hunt during the day.
From these data, the observation rate (MOHD) was
calculated as:

MOHD =2 Nobs/ X (Nhunters * N days),

where Nobs is the number of moose observed, Nhunters
is the number of hunters and Ndays is the length of the
observation period. Corrections were not made for
double observations or moose shot. Owing to high
levels of radioactive caesium in the moose meat fol-
lowing the Chernobyl nuclear accident the hunt in
Vastemorrland was terminated after only a few days
or cancelled altogether in 1986. Therefore, MOHD
data from county Y collected in 1986 were excluded
from the calculations since they were not considered
to be representative.

Figure 1. Location of the 27 management units included in the
study which took place during 1978-1994 in the counties of Vas-
temorrland (Y), Gavleborg (X), Dalama (W) and Sodermanland
(D).

© WILDLIFE BIOLOGY m6:3 (2000)

Estimates of moose population densities based
on aerial surveys and harvest statistics

MOHD data were compared with the sum of the
moose density data estimated from aerial surveys and
official numbers of moose harvested. The aerial sur-
veys were made during the winter, some months after
the hunter survey, and the results were corrected (see
Table 1) for sightability using standards established
by Tamhuvud (1988). Only density estimates from
the most frequently used method (i.e. total area sur-
veys by helicopters) were analysed in this study.

One uncertainty of the population estimate is that
seasonal migration of moose may obstruct the inter-
pretation of data collected especially from small sam-
pling areas. Most of the sampling areas used in this
study are situated in counties in south-central Swe-
den where long-distance moose migration does not
occur (G. Cederlund, pers. comm.). Consequently
movements in and out of a particular sampling area
are assumed to remain approximately equal from the
hunting period to the time of the aerial survey. Never-
theless, migration does occur in northern Sweden
(Sandegren & Sweanor 1988). However, as manage-
ment areas in northern Sweden are overall larger to
account for any effect of migration, no bias towards
either hunting or wintering areas should be expected
(Ericsson & Wallin 1999).

Unfortunately, for the largest management units,
the only data available concerned numbers of adults
(no sex data) and calves which prohibited a compari-
son with MOHD of different moose categories. Local
areas were the smallest area size group for which aer-
ial survey data and official harvest statistics were col-
lected. Therefore, the two smallest sampling area size
groups of hunter observations, i.e. MOHD of 'team
patches' (recorded by the hunting team when hunting
on the 'patches' associated with the team) and MOHD
from the slightly larger 'local areas’, were both com-
pared with aerial and harvest statistic data of the local
areas. MOHD from the larger sampling units were
compared with estimates of moose density for the re-
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Table 2. Sample sizes, numbers of moose observed and hunter days used for survey, and area size (km2), given for each of the four sam-

pling area sizes and according to county (see Fig. 1).

Sample size Moose observed Hunter days Avrea size

Sampling area size and county N mean * sd mean * sd mean * sd
Team patches

County X 13 22 10 3B+ 15 23+ 20

County W 46 19 + 14 51 + 40 44 + 62
Local areas

County D 12 89 + 58 104 + 60 37+ 22

County X 7 5 + 22 100 + 66 49+ 9

County W 18 49 £ 29 1B1+ 77 49 + 10
Small management units +

County D 3 3%7 — 112 416 + 147 148 + 35

County Y 4 197 =+ 90 404 + 155 202 + 118

County X 9 341 = 216 608 + 489 243 £ 132

County W 7 459 * 233 1145 + 628 308 + 68
Large management units +

County Y 2 642 — 323 1356 + 469 725 £ 389

County X 4 1056 + 249 2633 + 829 699 + 222

County W u 1349 + 677 3673 + 1831 1493 + 803

spective area size group, i.e. small and large manage-
ment units.

Sampling within area size groups and counties
Data were grouped on the basis of county and size of
the sampled area (Table 2). The sampling area groups
used were hunting team patches (mean information
provided by hunting teams about the searched hunt-
ing area; 48 km2+ 9 (SD), N = 59), local areas (sam-
pled area groups <80 km2 mean hunting areas: 52
km2 £ 12 (SD), N = 37), small management areas
(sampled area groups 80-449.9 km2; mean: 285
km2 + 117 (SD), N = 23) and large management
areas (sampled area groups 5:450 km2 mean: 1,216
km2 + 756 (SD), N = 17). Most data from the two
largest sampling area groups (large and small man-
agement units) were provided as MOHD summaries
by the hunting authorities. Observations of hunting
team patches and corresponding local areas were
derived during three years from three intensively
investigated small management units, one each in the
counties D (Sodermanland), X (Gavleborg) and W
(Dalama). Data on these groups were, due to step-
wise pooling in groups of increasing area sizes, not
independent between area size groups. This limits the
correlations to be calculated within each group.
MOHD estimates were affected by county at the
smallest sampling groups (hunting team patches: F =
11.66, P= 0.0012; local areas: F = 20.51, P = 0.0001;
small management units: F = 5.85, P = 0.0052), but
not at the large management unit group (F = 1.07,
P =0.3691). The data were divided into 10 groups ac-
cording to sampling area size and differences found
to be due to county (see Table 2). Correlations be-
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tween MOHD and moose densities were calculated
for each of the 10 groups.

Statistical models

The Statistical Analysis System (SAS Institute Inc.
1989) was used. Analyses of variance were employed
to detect differences of MOHD between counties, re-
gressions of MOHD on HD nested within county and
estimated moose densities nested within county were
used to examine for sampling effect, and correlations
were used to evaluate the relationship between
MOHD and moose density estimates. Owing to
skewed data, the team patch data were log 10 trans-
formed. Spearman correlations (rs) were used be-
cause most of the groups (unique for area size and
county) were based on small sample sizes. In order to
get an overview of the correlations between MOHD
and moose density estimate in relation to the average
sampling area sizes of the groups a non-linear regres-
sion was fitted to all correlation estimates (SigmaPlot
1997). In addition, an estimate of the correlation be-
tween MOHD and densities for the county of Vaster-
botten in northern Sweden (N = 31 samples from
large management units, i.e. mean area of 2,197 km2;
G. Ericsson & K. Wallin, pers. comm.) was included
in this regression.

Reliability of data sets based on small sample
sizes

To minimise bias associated with small sample sizes,
the mean square errors (MSE) of the regressions of
MOHD on density were examined using a Wilcoxon
matched pairs signed-ranks test (Siegel & Castellan
1988). A data set involving 200 random observations
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with the same mean and variance as the observed real
data was simulated. From this simulated data set, 10
random data sets with a sample size equal to the real
data set were randomly selected. To determine whether
the MSE differed between the real data (observed)
and the simulated random data (the 10 random data
sets), a non-parametric Wilcoxon matched pairs
signed-ranks test (one tailed, P s 0.05) was perform-
ed. A sample MSE which was lower for observed
data than for random data was interpreted as an indi-
cation that the correlation coefficient is unlikely to be
affected by sample size (or random extreme values);
thus it would differ towards a lower MSE from cor-
relations based on random data.

Results

Relationships between MOHD and sampling
effort (HD)

In order to analyse MOHD for linear relationships
with moose density estimates (MO) and/or sampling
efforts (hunter days: HD), parts of the data were
examined. Observations in this data set appeared
only once and no pooling was performed. A multiple
regression analysis of the relationship between the
dependent variable MOHD and moose density esti-
mates nested within county and sampling effort (HD)
nested within county was significant (N = 77, r2=
0.60, F = 12.77, P < 0.0001). However, only the par-
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Figure 2. Spearman rank correlations (rs; mean + SE) between
MOHD estimates and moose density estimates at the four sam-
pling area size groups, TP (team patches), LA (local areas), SMU
(small management units) and LMU (large managements units).
Number of analysed counties at each sampling area size group is
indicated inside the bars.
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tial effect between MOHD and moose density was
significant (F = 10.68, P < 0.0001), and no partial
significance was found between MOHD and HD (F =
1.73, P = 0.1526). Obviously the MOHD ratios with-
in the counties showed linear relationship to the nu-
merator moose densities, whereas there was no signif-
icant linear relationship between MOHD ratios and
the denominator HD.

Effects of sampling area size on correlations
between MOHD and moose densities

Although the correlations (rs) generally increased
with area size, large differences between counties
were found (Fig. 2, Table 3). A positive asymptotic
relationship was found between rsand sampling area
size (Fig. 3). Precision was generally low, and for the
group of large management units less than half of the
variation in MOHD was explained by moose densi-
ties estimates (see Table 3; rA”~n = 0.58, r2= 0.34).

Reliability of the correlation estimates

Since correlation estimates may be seriously biased
by small sample sizes, i.e. by extreme values, the re-
liability of the correlation estimates was examined by
comparing simulated and statistically estimated val-
ues (Mean Square Error). This analysis revealed that
the correlations based on observed data sets differed
from those based on random data sets. The MSE was
generally lower for observed data than for the ran-
dom data (Wilcoxon matched pairs signed-ranks test,

MEAN AREA (km2)

Figure 3. Asymptotic relationship found between the mean area
size of the analysed county/area size groups and the Spearman
rank correlation (rs) between MOHD estimates and standard
moose density estimates. The correlation estimate for the largest
areas is based on data from the county of Vastemorrland in north-
ern Sweden (see Ericsson & Wallin 1999).
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Table 3. Correlation (rs) between MOHD estimates and standard moose density estimates, given for each of the four sampling area sizes
and according to county (see Fig. 1). The results of Wilcoxon matched pairs signed-ranks test of the relation between MSE from correla-
tions based on observed data sets and MSE from correlations based on random data sets indicate that correlations based on observed data

sets differ from correlations based on random data sets.

Correlation Wilcoxon signed-ranks
MOHD/moose density Observed MSE against random MSE

Sampling area size/county Sample size rs T P
Team patches

County X 13 0.17 14 >0.5

County W 46 0.15 1 >0.5
Local areas

County D 12 0.34 52 0.005

County X 7 043 51 0.007

County W 18 -0.13 31 0.385
Small management units

County D 3 0.50 22 >0.5

County X 9 0.17 40 0.116

County W 7 0.36 37 0.188

County Y 4 0.80 39 0.027
Large management units

Counties X, W and Y 17 0.72 55 0.001

one tailed, P < 0.05) for both local and management
unit sample sizes (see Table 3). In the Wilcoxon
signed-ranks test, ties occurred among small man-
agement units in county Y (Vastemorrland), thus
nine pairs could be compared (instead of 10).

Discussion

The present results indicate that the correlation be-
tween MOHD estimates and moose density estimates
improves as the size of the sampling area increases.
The relationship is best described by an asymptotic
growth curve, i.e. the derivative diminishes with in-
creasing area. Thus, the use of MOHD as an estimate
of moose density should be restricted to sampling
areas larger than 500 km2in size. In Sweden, the
hunting authorities have proposed that regional man-
agement units be used as sampling areas for estimat-
ing MOHD (Thelander et al. 1986). The mean size of
management units in central Sweden (655 km2+ 647
(SD), N = 119; J. Kindberg, Swedish Association for
Hunting and Wildlife Management, Research Unit,
Uppsala, pers. comm. 1998) exceeds the suggested
minimum size of 500 km2 Kale (1982) suggested
that in northern Canada moose could be satisfactori-
ly managed based on estimates obtained from hunter
observations in management units of a mean size of
1,000 km2.

The accuracy of MOHD density estimates will ra-
pidly increase with sampling area size up to ca 500
km2. Above this level it should be kept in mind that
the positive effects of increasing sampling area size
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rapidly diminish as the asymptote is approached. A
conflict between a potential improved precision and
management use for units above 500 km2will call for
a trade-off analysis. Are estimates based on MOHD
in areas of this size accurate enough to detect
changes in populations from one year to the next? To
answer this question, four aspects of the estimate will
be stressed.

First, the reliability of the estimated correlations
may be questioned: MOHD estimates are correlated
to density, which in my study was measured as the
sum of shot moose and aerially surveyed moose. As
the accuracy of aerial surveys may vary considerably
(Caughley 1974, LeResche & Rausch 1974, Samuel
& Pollock 1981), correction factors have to be estab-
lished for each particular survey (Seber 1982, An-
derson & Lindzey 1996, Ericsson & Wallin 1999).
The 'uncertain' accuracy of the aerial surveys in my
study may distort the estimated correlations between
hunter moose counts and moose density estimates.

Second, effects of small sample sizes may lower
the reliability of the correlation estimates. My analy-
sis revealed differences between observed and ran-
dom MSE for both low and moderate sample sizes,
reflecting that there were effects of extreme values.
At least one extreme value appeared among the small
management units of county D. The comparably low
reliability of this correlation (P > 0.05) indicates that
three values were too few to rule out an extreme
value effect, which the observations of 12 local areas
before they were pooled to the three 'small' manage-
ment areas did (P = 0.005). In conclusion, the result
obtained comparing simulated and statistically esti-
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mated values (MSE) can be seen as an indication that
the correlation estimates reflect a real tendency.

Third, the number of hunter days (HD) is included
in the variable MOHD. One can speculate whether
the number of HD is similar in different regions and
in areas of different sizes, but this type of information
(hunter age, motives for hunting, experience, tradi-
tions, hunting regulations) is not available for this
large data set and nor is it, so far, available in prac-
tise.

Fourth, the effect of sampling area on estimate pre-
cision caused by variance in the observed number of
moose and the spatial variability of animals should
be taken into account (Steinhorst & Samuel 1989).
Knowledge of individual home range sizes in a pop-
ulation is also important. As the size of the sampling
area increases, the proportion of whole home ranges
within the sampling area will increase, thus resulting
in more reliable moose observations. The largest
home ranges have been found in northern Sweden
(Wallin et al. 1995). This suggests that the optimal
sampling area is larger in northern than in southern
Sweden. Therefore, the conclusions of my study
should not be skewed by a limited amount of small
management units in northern Sweden.

In my study, the correlations between MOHD esti-
mates and moose density estimates were highest in
large management units (average 1,216 km2 + 756
(SD)). This conforms with the significant correlation
found between MOHD and moose density estimates
reported by Fryxell et al. (1988). These data were ob-
tained in sampling areas 2,000-2,800 km2in size. My
analysis showed that less than half of the variation in
MOHD of the area size group 'large management
units' was explained by estimated moose densities
(r2= 0.34). The confidence intervals of these 'good’
sampling area groups are generally wide, and moose
regulation authorities using MOHD estimates have to
accept a relatively low precision.

Management implications
Although large sampling areas should be used if
MOHD estimates are to be accurate, most local
moose management thus far has been based on rela-
tively small units. The results of my analysis show
that data from sampling units smaller than 500 km2in
size should not be used if not adjusting for inherent
variability of these data.

The minimum observation effort required to achieve
a sufficient level ofaccuracy for a given management
unit has to be identified. The variation in MOHD is

WILDLIFE BIOLOGY «6:3 (2000)

stochastic in nature because the sources of variation
are more or less impossible to control. Demographic
factors, the sightability/behaviour of moose catego-
ries, vegetation cover and observational effort (time
used, ways of observing/hunting method) are among
the factors affecting the reliability of MOHD esti-
mates (Mercer & Manuel 1974, Crete, Taylor &
Jordan 1981, Ferguson, Oosenburg & Mercer 1988,
Fryxell et al. 1988, Timmerman, Whitlaw & Rodger
1993, Ericsson & Wallin 1996, Gustafsson & Ceder-
lund 1994). The length of the observation period also
affects the observation data (Ericsson & Wallin
1994), and the length of the period has to be opti-
mised because time associated factors, such as har-
vested moose numbers, hunting regulations and defo-
liation, may contribute to the observation variation
and confuse the analysis.

The sampling variation can probably be reduced or
standardised by carrying out year-to-year surveys
within homogeneous management units, i.e. by stand-
ardising factors such as hunting activity, observation
activity and vegetation cover (Ferguson et al. 1988,
Fryxell et al. 1988, Anderson & Lindzey 1996) sam-
pling variation may be reduced. The factors may co-
vary with regional characteristics (e.g. geographic
area, vegetation cover, moose demography). To dis-
cern population trends, historical series lasting at
least 4-5 years are required (Harris 1986, Courtois &
Crete 1993).

This suggests that management solutions, e.g. sur-
vey methods, ought to be developed for blocks of simi-
lar conditions. The degree to which estimates can be
improved by identifying factors affecting the results
would be greatest for the smaller sampling areas, for
which the correlation estimates are most sensitive.
One can speculate whether standardisation of obser-
vation factors can increase the accuracy of smaller
and more local sampling areas. However, other cost
effective hunter-organised inventories, e.g. pellet-
group counts (K. Wallin, G. Ericsson, R. Berg-str5m,
G. Cederlund & O. Liberg, unpubl. data) may turn
out to be appropriate for certain sampling area size
groups and/or regions.

In general, when moving northward the productivi-
ty of the vegetation and the proportion of deciduous
forest decrease whereas the corresponding propor-
tion of coniferous forest increases (Nilsson 1990).
Other northward trends, e.g. larger properties, more
searched area per hunter and more loose dogs search-
ing for moose during the hunting season have also
been found (S. Sylven, unpubl. data), suggest that
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observation rates and consequently the sampling area
sizes are affected by latitude. Ericsson & Wallin
(1999) reported differences in observation rates be-
tween counties. They also concluded that moose ob-
servations reflect population size and reproductive
rate reasonably well. However, calibration of the ob-
servation rate with independent measurements of the
moose density was set as a prerequisite for the use of
observation indices, also in 'local' moose manage-
ment. | agree with these authors, however, that until
an acceptable calibration is implemented the reliabili-
ty of MOHD estimates conducted within small sam-
pling areas is questionable, and their use is not to be
recommended.
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