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POTENTIAL DRIVERS OF BROWSING DAMAGE IN A CROSS-BORDER CONTEXT 

ABSTRACT: Moose (Alces alces) in Scandinavia rely on commercially valuable Scots pine (Pinus 

sylvestris) as a winter food source.  Browsing impacts to forest resources DUH�ODEHOHG�DV�³GDPDJH´�DQG�have 

become especially important along the border between Norway and Sweden, where a semi-migratory 

moose population moves seasonally between two management regimes.  As part of the EU-funded 

GRENSEVILT project, we studied multiple factors thought to drive browsing damages within a single sub-

population in a cross-border context.  We combined elements of two national methods of assessing 

browsing damage: Solbraa (Norwegian) and Äbin (Swedish).  We analyzed four damage indicators (stem 

breakage, bark browsing, browsing pressure, and number of winter-browsed top shoots) by grouping over 

20 predictor variables into three categories, using data collected on 3,033 individual pine trees.  GLMM 

model variable selection was completed using AIC.  Covariates that measured severity of prior damage 

(such as cumulative impacts on plant architecture) were included in the top models for all four indicators.  

Notably, the covariates for pine density and snow depth, factors previously found to be important in 

predicting browsing damage, were not present in any of the top models.  GAM landscape models revealed 

that distributions of the four damage types are quite different ± with bark browsing illustrating an isolated 

³KRWVSRW´�DQG�EURZVLQJ�SUHVVXUH�VKRZLQJ�PRUH�ZLGHVSUHDG�SUHYDOHQFH.  There is some evidence to suggest 

that different damage types represent a natural progression of moose foraging, with stem breakage and bark 

browsing signaling more severe damage and potential over-use with time. 
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     I now suspect that just as a deer herd lives in mortal fear of its wolves, so does a mountain live in 

PRUWDO�IHDU�RI�LWV�GHHU�´�~Aldo Leopold, A Sand County Almanac (1949) 

 

     Moose (Alces alces) are important consumers in the boreal forests throughout their circumpolar 

distribution.  As the largest member of the deer family (Cervidae), moose require a proportionally large 

absolute volume of forage to sustain themselves.  Although metabolism can shift seasonally, and differs by 

sex, age, and reproductive status (Regelin et al. 1985, Schwartz 2007) estimates suggest that the average 

Scandinavian moose needs to consume a dozen kilograms of (dry) forage per day  (Fremming 1999, Sæther 

et al. 1992, Schwartz et al. 1988) to meet its basic energetic needs.  During the winter, a critical time when 

many other sources of forage are unavailable, moose in Norway and Sweden rely heavily on the relatively 

palatable conifer Scots pine (Pinus sylvestris).  This is in contrast to North American moose, which derive 

75-91% of both their winter and summer diet from deciduous species in a single genus (Salix or willow; 

Shipley 2010).  Although Norway spruce (Picea abies) is co-dominant in the Scandinavian forest system, 

this species is not preferred by moose to the same extent as Scots pine (Lodin et al. 2017, Mansson et al. 

2007). 

     Browsing has ecological impacts at multiple scales, from altering individual plant architectures 

(Yovovich et al., 2021) to changing landscape-level ecological function by interrupting successional 

trajectories (Kolstad et al., 2018; Miquelle & Van Ballenberghe, 1989), affecting nutrient cycling (Kielland 

& Bryant, 1998; Pastor et al., 1993), soil fertility (Pastor et al., 1993), and resulting in cascading effects on 

songbird communities (Chollet & Martin, 2013; Mathisen & Skarpe, 2011).  Moose browsing has even 

been shown to change forestry management practices (Felton et al., 2020), is used as a measurement of 

habitat health (Burkholder et al., 2017) and as a decision tool for both wildlife managers controlling 

populations (Bower et al., 2014) and private forest owners (Wam & Hofstad, 2007). 
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     Moose browsing has been extensively studied in Scandinavia and is dependent on a number of factors, 

including forage availability (Bergqvist et al. 2018, Beest et al. 2010), nutritive quality (Schrempp et al. 

2019), alternate forage availability and preference (Månsson et al. 2007, Wam & Hjeljord 2010), and 

presence of previous browsing on individual trees (Mathisen et al. 2017).  At the forest stand level, factors 

include the density of cervid conspecifics (Pfeffer et al. 2021), interspecific cervid competition (Spitzer et 

al. 2021), and winter severity or snow depth (Gicquel et al. 2020).  At an even larger scale, the nutritional 

landscape for moose is also related to disturbance history such as timber harvest and forest fires (Ericsson 

et al. 2001, Fisher & Wilkinson 2005), and forestry road networks (Loosen et al. 2021).  Recently, Pfeffer 

et al. (2020) found on a national scale, factors such as winter severity, pine density, and competition from 

other cervids impact moose browsing damage on a latitudinal gradient in Sweden.  

     Outside of their role as consumers in the ecological system, moose also have profound impacts on 

silviculture.  Plant architecture is a significant determiner of individual life history (Archibald & Bond 

2003) and repeated cervid browsing favors lateral growth (hedge-type growth form) over vertical growth 

(Jager & Pastor 2010).  Since height-gain is crucial for timber production, repeated or severe cervid 

browsing that hinders the normal vertical growth of an individual is labeled DV�³damage´.  Potential wood 

quality reductions and economic losses caused by cervid browsing were estimated between 40-80 million 

(USD) in Norway, after accounting for the long-term revenue losses on slow growing pine stands (Storaas 

et al. 2001).  To make matters worse, rotational timberlands that are intensively managed have been shown 

to experience more damage and are more susceptible to damage, since management practices are designed 

to increase tree productivity (Kline et al. 2018). 

     The intersections between the ecological, silvicultural, and human dimensions of browsing damage is 

only further complicated when viewed through a geopolitical lens.  Norway and Sweden ³share´ a semi-

migratory moose population, with parts of their seasonal home range in both countries (Bramorska 2020).  

The moose in this area travel only 20 km (~12.5 miles), but the scale of silvicultural management also 

changes over this invisible border; Norway is reliant primarily on small, local forest owners to determine 
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the harvest regime, whereas Sweden has state-owned and commercial companies that harvest larger areas.  

Browsing damages are defined, quantified, and managed across this border using different methods, 

indicators, thresholds, and languages (Table 1, Sveum 2022).  To the authors knowledge, no studies have 

directly compared different types of damage or looked at browsing damages in two different countries 

simultaneously. 

     To collect a consistent dataset across this border, we created a novel, hybrid protocol between the 

Swedish (Äbin; Kalén et al. 2018, SFA 2018 https://www.skogsstyrelsen.se/abin) and Norwegian (Solbraa; 

Skogkurs 2017) methods for quantifying and measuring browsing damage.  Solbraa defines damage 

severity by browsing pressure, whereas Äbin uses the percentage of fresh damage, especially of the top-

shoot (the primary meristematic tissue responsible for vertical growth).  Both methods do not collect data 

about the primary variable of interest in the other, making comparing these two datasets difficult.  Both 

methods do collect information about other types of damage, namely: bark browsing and stem breakage.  

Solbraa also collects information about the accumulated impacts of prior damage to the overall growth form 

of the tree.  Efforts to harmonize methods remain an important avenue for incorporating historic data and 

creating consistent cross-border management moving forward (Sveum 2022).  

     Our analysis had two primary objectives: 

A) to identify the most important covariates for predicting the four types of browsing damage (bark 

browsing, stem breakage, top-shoot browsing, and browsing pressure) and to examine which, if 

any, covariates were shared by each type of damage indicator; and 

B) to use the top predictive models to map the occurrence of different damage types in our study 

area and look for similarities and differences in patterns and concentrations. 

     Using data from field surveys collected in May and June of 2021, and environmental data available for 

the winter of 2020-2021, we used numerous potential drivers of browsing damage for our analysis at a 

variety of spatial scales (tree-, plot-, and stand-level).  We grouped variables into three main categories: 

https://www.skogsstyrelsen.se/abin
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stand characteristics like tree density and soil productivity, environmental variables like snow depth and 

road density, and variables that quantified other types of damage.  Our predictions, based on a body of prior 

knowledge, were as follows: 

1) Stand Characteristics: Pine density, as a proxy for forage availability, (Månsson, et al. 2007, 

Pfeffer et al. 2021) would be included as a top covariate in the winter top-shoot browsing model, 

density of deciduous species would be included in the browsing pressure model (Danell et al. 1991, 

Wallgren et al. 2013);  

2) Environmental Variables: Snow depth, which can prevent access to the preferred field vegetation 

layer (Gicquel et al. 2020, Månsson 2009) would be included as a top covariate in the browsing 

pressure model 

3) Other Damage Variables: Measures of accumulated damage, as a proxy for degree of re-

browsing, (Mathisen et al. 2017, Wallgren et al. 2013, Yovovich et al. 2021) would be returned as 

a top covariates for browsing pressure, bark browsing, and winter top-shoot browsing. 

4) Shared Covariates: We predicted that all four damage types would be identical in the covariates 

selected in each category.  Additionally, we predicted that the global model, with variables from 

all three categories, would be selected as the top model for each. 

5) Damage Distribution: Damage types would be concentrated in hotspots, especially in areas where 

moose are known to congregate in the winter, such as along the border in the southcentral and 

southeast part of our study area (Bramorska 2020, Sand et al. 2022). 

STUDY AREA 

     The GRENSEVILT study area is approximately 3500 km2 and located in northern Finnskogen with two-

thirds of the area in Innlandet county in Norway, and one-third in Värmland county, Sweden (Fig. 1).  This 

area is largely production coniferous forests of Norway spruce and Scots pine (~80%), interspersed with 

small inland lakes and bogs (Norway - SR16 Dataset geonorge.no; Sweden - GSD  dataset 1:50,000).  Birch 
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is the dominant deciduous tree (Betula pubescens and Betula pendula), followed by willow (Salix spp), 

rowan (Sorbus acuparia), aspen (Populus tremula), and alder (Alnus glutinosa).  Understory vegetation is 

dominated by blueberry/bilberry (Vaccinium myrtillus), lingonberry (Vaccinium vitis-idaea), and heather 

(Calluna vulgaris) in forested areas, with Sphagnum and lichen species (Cladonia) in low lying bogs and 

more exposed ridges respectively.  An estimated one-seventh of the total forest area has been harvested in 

the last 20 years (Hansen et al. 2013), following standard pre-commercial thinning and clear-cut practices. 

Wind power development in the north central part of the study area is ongoing. 

     Average snow depth between mid-October 2020 and mid-May 2021 was estimated at 11.9േ8.2 cm and 

available on a 1x1 km grid for the study area via the seNorge snow model (Saloranta 2012).  The northern 

third of the study area received much more snow than the south (Fig. 1).  We included solar irradiance as 

an estimate of light availability and estimated this covariate at a 1x1 km scale also. It had a normally 

distributed mean of 2.23േ0.42 kWh/m2 estimated for January 1, 2021 (EU DEM v1.1 from Copernicus; 

25-m pixel size).  

     The N50 (Norway categories R,F,K,P; www.kartverket.no) and the Allmäna og Enskilda vägar dataset 

(Sweden 1:100,000) datasets were used to estimate road density in a 1x1 km grid using ArcGIS (CESRI 

2011, Release 10).  Slope and aspect were derived from a digital elevation model (EU DEM v1.1) and 

averaged in a 250x250 m grid.  Elevation was standardized to represent a positive or negative difference 

from regional mean height above sea level using a polynomial trend surface.  This distinction was intended 

to give a better indication about whether the plot was in a valley or on a ridge, as opposed to absolute 

altitude. Aspect was categorized into the four primary cardinal directions. 

METHODS 

Study Design 

     Our locations utilized an existing study design for annual cervid pellet counts (Putman 1984, Spitzer et 

al. 2019), which are taken after snowmelt and before spring green-up (Persson 2003). Browsing surveys 

http://www.kartverket.no/
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should also be done at this time, before summer growth partially compensates for and obscures damage 

sustained by the tree during the previous winter (Skogkurs 2017).  Eligible stands within 500 m of a pre-

existing pellet count point were prioritized for sampling.  The 1x1 km EXIIHUV�RU�³VTXDUHV´�are evenly 

spaced throughout the study area (Fig. 1).  Both the Norwegian and Swedish methods agree about which 

types of stands are eligible to be assessed for damage: young forest stands of predominantly Scots pine, 

with an average height between 0.5 and 3.5-4.0 m (Sveum 2022).  Our hybrid method further defined 

³SUHGRPLQDQWO\�6FRWV�SLQH´�DV�൒10% of total conifer stems.  

     Although tree species and timber volume are available in publicly available mapping and remote sensing 

products, these datasets often lack information about canopy height and vice versa (Hill et al. 2018, Koch 

2010, White et al. 2016).  As such, we conducted an image classification analysis to identify eligible stands 

within sampling squares.  We used the Global Forest Change Dataset, or Hansen dataset, (from Global 

Forest Watch, 25-m pixel size; Hansen et al. 2013), which documents forested areas that have been logged 

since 2000.  Ground-truthing preliminary results indicated stands harvested 10 to 15 years ago (between 

2005 and 2011) were within the target height window.  The SR16 dataset was used as an input to generate 

a spectral band signature for predominant species within the stand (i.e., pine, spruce, or mixed), which was 

then used to estimate the maximum likelihood estimate for image classification.  An 80x80 m grid (taken 

from Äbin sampling design; Kalén et al. 2018) in each square identified potential survey plots, up to a 

maximum of 15.  In total, 1162 plots were selected, 725 in Norway and 437 in Sweden, in roughly half of 

our sampling squares (172/313). 

Field Surveys 

     Plots measured 3.5-m in radius for a total area of 38.5 m2, again following Äbin (Kalén et al. 2018).  If 

a potential survey plot met our eligibility criteria, we counted the total number of stems for seven common 

tree species: Scots pine, Norway spruce, silver birch, downy birch, rowan, aspen, and willow species.  We 

then measured the height for up to 10 stems closest to the plot center and evaluated damage on (up to) 10 
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pines, using distance from center to avoid observers bias towards selecting pines with the most damage.  

Fresh damage was defined by the following criteria: 

1) Bark Browsing: the main stem (trunk) has experienced bark browsing over more than 25% of its 

circumference during the past winter; or 

2) Stem Breakage: the main stem (trunk) has been completely or partially broken and splintered during 

the past winter; or 

3) Top-Shoot Browse: the apical shoot (hereafter top-shoot) responsible for vertical gain has been 

browsed during the past winter; or 

4) Browsing Pressure: the total number of freshly browsed and unbrowsed shoots accessible between 

0.5 and 3.5 m were counted and expressed as a percentage of browsed to total shoots available. 

     Instances of previous damage (earlier than the past winter) were also recorded for bark browsing, stem 

breakage, and top shoot browsing.  The top shoot was aged following Äbin criteria (Kalén et al. 2018)  to 

the following categories: µ:LQWHU�GDPDJH¶��µ6XPPHU�GDPDJH¶, µBoth winter and summer GDPDJH¶, (within 

the past year) or µ2OGHU¶�damage¶ (> 1 year).  We expanded the original Solbraa methodology (Skogkurs 

2017) for categorizing accumulated damage with the following definitions: µUndamaged¶��µLighW¶��ODWHUDO�

browse only, either fresh or old���µModerate¶�(top shoot damage, either fresh or old, with or without lateral 

VKRRW� EURZVH��� µIntense¶� �VWURQJO\� DOWHUHG� JURZWK� IRUP, such as the presence of multiple main stems), 

µDestroyed¶��WUHH�LV�VWDQGLQJ�EXW�GHDG�RU�G\LQJ, extremely limited growth���RU�µOther¶��URGHQW�EURZVH��KDUH�

browsing, or disease impacts to normal growth pattern).  To help calibrate individual preference between 

µModerate¶�DQG�µIntense¶�JURXSV, and age the top-shoot correctly and consistently, teams frequently met in 

the field to discuss observations.  Due to COVID-19 restrictions this was not possible to complete in-person 

between field teams in different countries.  

     Accumulated damage and season of top-shoot browse variables were converted into an average weighted 

index score at the plot level.  We thought this metric better quantified effects of otherwise categorical 

variables in the immediate vicinity of each tree, with more severe damage categories receiving higher 
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weights. Which categories received which weights is outlined in Table 2.  Accumulated damage categories 

ZHUH�UHGXFHG�LQ�WKH�ILQDO�VWDWLVWLFDO�DQDO\VLV�WR�µUndamaged¶��8QGDPDJHG��2WKHU��Q� ��������µLow¶��/LJKW��

0RGHUDWH��Q� �������DQG�µHigh¶��,QWHQVH��'HVWUR\HG��Q� ������ 

     The primary field vegetation layer was converted to an estimate of soil productivity measurement as per 

the Äbin methods specified in Table 2, page 6.  *UDVV�ZDV� FRQVLGHUHG� WKH�PRVW� SURGXFWLYH� �µGood¶���

followed by EOXHEHUU\��µModerate¶���OLQJRQEHUU\�RU�KHDWKHU��µPoor¶��DQG�ODVWO\�OLFKHQ��PRVV��RU�ERJ��µVery 

3RRU¶).  An in-depth comparison of the Äbin, Solbraa, and our hybrid method is discussed in further detail 

in Sveum (2022). A full list of all 22 covariates is provided in Table 2.  

Statistical Modeling 

     To explore potential drivers of different types of browsing damage, we modeled each of the four different 

types of browsing damage (response variables) as a function of several explanatory variables using binomial 

regression with generalized linear mixed-effect models (GLMMs).  Once important covariates were 

identified, we used these results to refit non-linear models to ease spatial predictions and further understand 

non-linear relationships with generalized additive models (GAMs). 

     All statistical analyses were completed using Program R version 4.1.0 (R Core Team 2021) using the 

µPJFY¶� �Wood 2011�� DQG� µOPH�¶�packages (Bates et al. 2015) and the ggplot2 package as the primary 

visualization tool (Wickham 2016).  All continuous covariates were scaled and centered on their z-score 

prior to analyses, to account for different measurement units (Borcard et al. 2018).  All variables were also 

evaluated for their predictive power score (PPS) prior to analysis to identify multicollinearity (van der 

Laken 2021).  

     Spatial autocorrelation is scale-specific and has been found to be strong between plots within stands  

(Wallgren et al. 2013).  Although we did not group plots into stands for this analysis, we incorporated 

dependency among observations between trees within the same plot (Plot) and plots within the same square 

(SquareID), by utilizing a nested random error structure.  5DQGRP�HUURU� WHUPV� IRU�³&RXQWU\´�RU�³)LHOG�
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7HFKQLFLDQ´�LQ�PRGHOV�GLG�QRW lower AIC over sampling design.  For the bark browsing and winter top-

shoot models, we used a simplified random error term (1|SquareID) to avoid singularity (Bates et al. 2015). 

     We fit models to test our predictions in multiple stages.  First, due to the large number of potential 

drivers, we group covariates into three categories: stand, environmental, and damage information (Table 

2).  Due to low sample size in the stem breakage and bark browsing models, we limited the number of 

covariates in each category to three terms (including interactions).  To be consistent, this limitation was 

also applied to the browsing pressure and winter top shoot browsing models.  

     Next, we modeled all simple combinations of terms within these categories and selected the best fitting 

combinations using $NDLNH¶V�,QIRUPDWLRQ�&ULWHULD�(AIC).  Covariates that were returned most often in the 

top model set (οAIC ൏ ʹ) were then tested for possible interactions.  This process does not favor certain 

covariates initially, but multiple top models were often selected based on the above criteria. In that case, 

we favored models that included our predicted covariates of interest. 

     Absence of correlated covariates was again verified by checking correlation values >0.6.  Once each 

category had a list of top covariates, these terms remained fixed for the global analysis.   During this stage, 

we compared the top GLMM models for each category against each other, combinations with two 

categories, and against a global model (top variables from all three categories), again using AIC as our 

selection tool.  Model residuals were assessed visually XVLQJ�WKH�µ'+$50D¶��Hartig 2021) and µJUDWLD¶�

(Simpson 2021). 

     Finally, top models from each of the four response variables were fitted to GAMs.  Models with and 

without additional smoothing parameters, and models with and without location (latitude and longitude) as 

a fixed effect (tensor product, duchon splines) were compared for goodness of fit via chi-squared tests 

(ANOVA) and AIC.  Smoothing parameters for indicated variables were assessed for effective degrees of 

freedom (edf).  We assumed that an 1 < edf < 2 indicated a weakly non-linear relationship and edf > 2 

indicated a strongly non-linear relationship (Zuur et al. 2009).  An edf value at or near zero indicated the 

parameter was penalized and completely removed from the final function (select = TRUE argument, Wood 
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2017).  If this occurred, we kept terms in the model without a smoothing parameter instead of dropping 

them altogether.  

RESULTS 

     Image classification analysis resulted in the correct identification of eligible stands for 60% of survey 

points (698 / 1162).  For one-third of the error (128 / 464), points were located neither in predominantly 

pine stands nor at the target height.  An additional 141 plots (87 trees) were eliminated due to limited forage 

availability (pine trees recorded but with zero total available shoots) and hence an undefined browsing 

pressure value.  In total, 3,033 pine trees (1,891 in Norway and 1,142 in Sweden) on 557 plots (335 in 

Norway and 222 in Sweden) were utilized. 

     In total, 3,033 individual pine trees were analyzed.  We recorded 99 instances of bark browsing (38 from 

the previous winter), and 67 instances of stem breakage (25 from the previous winter).  Despite occurring 

in only 3.3% of trees (n = 101), bark browsing was detected in 14% of eligible plots (57 / 557).  Stem 

breakage was also recorded in 11% of plots, but only 72 trees (2.4%).  Top shoot browsing was recorded 

on 30% of all apical shoots, a third of which (n = 307) were winter browsed only (approximately 31% of 

plots).  The mean number of browsed shoots recorded in the study area was about 3 shoots per tree 

(maximum of 233), with an average of 33 un-browsed shoots (maximum of 738).  Bark browsing (n =74) 

and stem breakage (n =50) were documented predominantly in Sweden (75% of total occurrences for both 

types).  Browsed winter top-shoots were also found mostly in Norway (n = 200, 65% of total occurrences).  

Mean browsing pressure values were similar for both countries (13.1% േ0.28 for Norway and 14.8% േ0.29 

for Sweden). 

     Instances of fresh (from the previous winter) bark-browsing (n = 38) and stem breakage (n = 25) were 

rare.  To increase the number of viable model covariates, instances of these types of fresh damage were 

combined with evidence of these types of damages from past years.  While this is not ideal, this increased 

the total number of model terms (roughly 1 term per 10 occurrences of interest) to seven or eight, including 

the intercept.  Measures of accumulated damage were not utilized for stem breakage models, because a 
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EURNHQ�VWHP�ZRXOG�PRVW�OLNHO\�UHVXOW�LQ�D�µ+LJK¶�DFFXPXODWHG�GDPDJH�UDWLQJ�  Aspect returned a relatively 

even sample size between categories (North = 649, South = 889, East = 782, and West = 713). 

Overall Predictions 

     Localized pine density (i.e., in the plot area around the tree), was not returned as a top covariate for any 

of the four damage types.  6QRZ�GHSWK�FDPH�XS�DV�D� WRS� µ(QYLURQPHQW¶�FRYDULDWH� IRU�winter top-shoot 

browsing but was not retained during global model selection.  Measures of accumulated damage were 

included in top models for three damage types at the level of the individual tree (µIndAcc¶).  No models 

returned identical covariates, but three of the four damage types returned both WKH� µ'DPDJH¶� DQG�

µ(QYLURQPHQW¶� FDWHJRULHV� LQ� WKH� ILQDO�PRGHO�  Aspect as a categorical variable was the µ(nvironmenW¶ 

covariate selected most.  The weighted average of the season of top-shoot browsing (µPlotWTop¶) and 

browsing pressure �µ3ORW3UHVVXUH¶� were HDFK�VHOHFWHG�WZLFH�LQ�WKH�µ'DPDJH¶�category on the plot-level.  

Top covariates for each category, as well as the global model selection results, are listed in Table 3.  Forest 

plots of scaled coefficients are provided in Fig. 2.  Not all terms were significant in the final models. 

     Including smoothing parameters on some terms, plus fixed effect of location (latitude and longitude), 

improved models based on maximum likelihood (ANOVA) and lowered AIC.  In total, smoothing 

parameters were reduced or dropped for four terms (3 in bark browsing and 1 in stem breakage) to account 

for low effective degrees of freedom (Table 4).  GAMs identified potential non-linear relationships for 

several covariates.  The interaction between spruce and birch density in the winter top-shoot browsing 

model, browsing pressure of the individual tree (µInd PressXUH¶) in the stem breakage model, and solar 

radiation in the bark browsing model were estimated to be roughly quadratic (edf ؆ 2).  Most other 

covariates had degrees of freedom between 4.0 and 9.0.  GAM results are summarized in Table 4.  

Density Findings 

     Localized density of birch species was returned in the winter top-shoot model, but also included an 

interaction with localized spruce density.  This interaction was weakly negative (-0.17 േͲǤͲ͹; Fig. 2).  This 
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relationship is potentially non-linear (Table 4) and is visualized in multiple dimensions in Fig. 3.  Birch had 

the highest effect on winter top-shoot browsing (a 10% predicted probability) when it co-occurred at 

moderately high densities along with average or below average spruce densities.  This same pattern was not 

seen at similar birch densities with higher-than-average spruce densities.  

Snow depth Findings 

     6QRZ�GHSWK�ZDV� UHWXUQHG� DV�D� WRS� µ(QYLURQPHQW¶� FRYDULDWH�� DORQJ�ZLWK� relative elevation (ridges or 

valleys) for the winter top-shoot browsing model.  However, thH�µ(QYLURQPHQW¶�category was not selected 

in the final model (Table 3) for this damage type.  In addition, snow depth was not correlated to relative 

elevation, solar radiation received, slope, or aspect.  

Prior Damage Findings 

     Accumulated damage on the individual tree had positive effects on browsing pressure (Low = +1.75 SE 

േͲǤͲ͹; High = +2.30 SE േͲǤͲͻ) and winter top-shoot browsing models (Low = +3.83 SE േͲǤͷͺ; High = 

+4.89 SEേͲǤ͸Ͳ; Fig. 2).  The effect was neither positive nor negative for bark browsing models (also Fig. 

2). Fig. 4 depicts the interaction between two variables, accumulated damage and browsing pressure 

calculated for the plot, and the predicted probability of top-shoot browsing.  At average levels of browsing 

pressure, there was a 9% probability that the top shoot had been browsed during the past winter for trees at 

µ/RZ¶�OHYHOV�RI�DFFXPXODWHG�GDPDJH��compared to nearly 0% for trees with no documented cervid damage.  

This more than doubled (over 20%) for trees with µHigh¶ levels of damage.  

Shared Covariate Findings 

     Overall, tKH� µ6WDQG¶� FDWHJRU\�ZDV� VHOHFWHG� OHDVW�� DQG� WKUHH� RI� WKH� IRXU� GDPDJH� types had the same 

FRPELQDWLRQ� RI� FRYDULDWH� FDWHJRULHV� �µ'DPDJH¶� DQG� µ(QYLURQPHQW¶��  There were many differences in 

covariate selection within these categories.  Certain covariates were returned by our model selection process 

more than others, particularl\�LQ�WKH�µ'DPDJH¶�FDWHJRU\�� Slope and aspect were returned most often in our 

µ(QYLURQPHQW¶�Fategory.  µ6WDQG¶�FRYDULDWHV� VKRZHG� WKH�PRVW�YDULDWLRQ��ZLWK�QRQH� LQ�FRPPRQ�EHWZHHQ�
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winter top-shoot browsing and browsing pressure, and no stand covariates selected at all for stem breakage 

and bark browsing.  The global model was returned within the οAIC threshold only once.  By principles of 

parsimony, and due to the µ6WDQG¶�covariates being reduced to 0 edf by our GAM analyses�� WKH�µStand¶�

covariates were subsequently dropped.  

Distribution Findings 

     GAM predictions extended over the entire study area are presented in Fig. 5, with model covariates held 

at their predicted average or modal value.  Winter top-shoot browsing was predicted to occur mostly in the 

northwestern part of the study area (Norway), with a smaller area of high predicted concentrations in the 

southeast corner (Sweden).  Stem breakage and bark browsing were predicted to occur primarily in the east, 

with bark browsing having a much smaller predicted extent.  Browsing pressure was more uniformly 

GLVWULEXWHG��ZLWK�VHYHUDO�VPDOOHU�³warm VSRWV´�located throughout (Fig. 5). 

DISCUSSION 

     Some of our predictions were validated by this analysis, but there were several unexpected results.  The 

absence of a pine density and snow depth covariates in any model, and the presence of an interaction 

between birch and spruce density for the winter-top shoot models are discussed in more detail below.  While 

we found evidence for the impact of prior damage on current damage through our category of accumulated 

browse, we also found evidence that certain types of current damage predicted the occurrence of other 

damage types.  This specific co-occurrence had support from our landscape models as well, and we discuss 

potential biological mechanisms for these patterns.  We tried to contextualize our results in light of recently 

developed cervid foraging behavior theories and make new predictions about the long-term impacts of these 

patterns on the landscape.  Differing spatial scales, the subjective nature of browsing surveys, and 

limitations of our study design should also be considered when discussing the importance of our findings. 

     Our image classification returned 11% of plots as neither at the correct height nor with the correct tree 

composition.  Another 30% of plots returned partial failures, two-thirds of which represented stands within 
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the appropriate height window but lacking pine.  Considerations of our study design are partly to blame.  

The 80-m grid spacing taken directly from Äbin was likely designed with larger stand sizes in mind.  

Smaller, irregularly shaped stands might have been missed, and it is also possible that we oversampled 

stand edges.  Technicians also noted the presence of large seed trees (mature individuals left behind after 

harvest) in many ineligible plots, indicating that younger pine age classes had yet to re-establish after recent 

logging.  The accuracy of remote sensing products in this area may be less reliable as spruce becomes 

favored by landowners and managers (Felton et al. 2020).  We suggest that new technologies such as drone 

monitoring or airborne-laser scanners (Melin et al. 2015) should be explored to help map this unique habitat 

type in a cost-effective manner, and that this data be made publicly available. 

     This study did not explicitly include variables related to animal density of either moose, its ungulate 

competitors, or predators.  We chose not to include this information because accurate animal density 

estimates, including resource selection functions (RSFs), use many of the same environmental variables 

that were included in our analysis (Leroy 2021). Gicquel et al. (2020) found that the impact of wolf density 

on browsing damage was small compared to other factors such as presence of deciduous trees, road density, 

and snow depth.  Competition from roe deer (Capreolus capreolus) influenced browsing damage at low 

latitudes in Sweden (Pfeffer et al. 2021), but the latitudinal gradient of our study was limited in comparison.  

Still, the presence or absence of cervid pellets in the plot could easily have been noted during data collection 

and will be collected in the updated version of the hybrid methodology. 

     We were surprised to see that pine density was not selected at any stage in our modeling process.  We 

can think of several potential explanations for these findings.  Firstly, our analytical framework could be 

improved.  While the categories chosen are inherently arbitrary, all variables in Table 2 have been found to 

affect browsing damage in previous studies, and we excluded several others (for silvicultural cleaning see 

Härkönen 1998; for edge effects within stand see Andren & Angelstam 1993; for distance to nearest road 

and type of road see Loosen et al. 2021).  Some forms of browsing damage can also be driven by nutrient 

deficiencies (Faber 1996; Kline et al. 2018) which had no covariate proxy in this analysis.   We could have 
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used model averaging for two of the four damage types, but small sample sizes for bark browsing and stem 

breakage prohibited us from using this technique for all damage types. 

     Ball & Dahlgren (2002) highlight differing spatial scales as contributing to conflicting results of whether 

tree density plays a role in the probability of damage.  Pine density and browsing damages are often scaled 

up to or measured on the stand-level, whereas we collected information about the area immediately around 

each tree (plot-level).  Both the Äbin and Solbraa sample designs use stands as a management unit, but 

given the accuracy of our remote sensing data, identifying stand perimeter and area would have been 

difficult and time consuming.  Andre & Angelsatm (1993) found that damage was not significantly related 

to stand size, however.  One interesting difference with our study is that the base observational unit was the 

individual tree, not squares, stands, or plots; but multiple scales of covariates make inferences from our 

predictions more difficult.  We could have used spatial re-sampling techniques to help reconcile this.  

     Lastly, pine density has sometimes been correlated to forage availability, and some studies have 

suggested increasing pine densities in some fashion to offset browsing damage (Andren & Angelstam 1993, 

Heikkilä & Härkönen 1996, Wallgren et al. 2013).  Other variables in our analysis potentially served as a 

better approximation for forage availability, such as the level of accumulated damage.  The total number of 

shoots might also be a better approximation for forage availability and was indirectly accounted in the 

browsing pressure covariate, which was found to be a top predictor for the other three damage types (Table 

3).  Tree height might also serve as an indicator of forage availability but was not retained during model 

selection.  

     In pine dominated stands, the density of other species played a minor role in predicting winter top-shoot 

damage for our study area, even though overall effect was small (Fig. 3 and Table 3).  The interaction of 

spruce density with deciduous tree (birch) density was also unexpected.  Firstly, what are spruce doing if 

we specifically selected stands of predominantly pine?  Our survey methodology threshold of 10% pine is 

quite low and done by visual estimate of the stand.  We could modify our threshold, (Ball & Dahlgren 

2002), but the fact that moose are browsing pines in these low density stands is interesting.  Secondly, what 
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is a potential biological mechanism that could explain this pattern?  The increased presence of spruce could 

be a side effect to increased browsing on pine.  Moose have been shown to effectively reduce competitor 

tree densities across several age classes in Canadian spruce plantations, and were even recommended as an 

alternative management action to mechanical release (De Vriendt et al. 2020).  Bergqvist et al. (2014) found 

that pine damage increased significantly when birch was overtopping it, and suggested that as a shade 

intolerant species, birch canopies prevent pine from reaching escape height.  Current research is focused on 

exploring the exact relationship between deciduous trees and pine browsing damage (Zimmermann et al. 

2022) but remains a complex area of study. 

     Wallgren et al. (2013) found that the most important explanatory variable for recent damage (plot-level) 

was the presence of previous damage.  Our results corroborate these findings at the level of individual trees.  

There is always a possibility of subjective bias in these types of categorical assessments. Our hybrid 

methodology worked to counteract this bias by designing accumulated browsing categories based on 

presence/absence indicators on the current stem, instead of attempting to evaluate future impacts to growth 

form.  We also reduced the number of categories in our final analysis to prevent drawing inferences between 

categories only one step apart, i.e., observers are more likely to be able to differentiate between trees in the 

µ/LJKW¶� FDWHJRU\�FRPSDUHG� WR� WUHHV� LQ� WKH� µ,QWHQVH¶�FDWHJRU\�  Over the long-term, re-browsing has the 

potential to create positive feedback loops resulting in higher forage availability (Yovovich et al. 2021), 

but at the worst extremes can result in complete pine dieback and a loss of food altogether. 

     Interestingly, we also found that damage types can also be strong predictors of each other.  This co-

occurrence of current damage had some degree of spatial overlap and could certainly be a correlation.  

Another potential explanation could involve a temporal dimension, and that these damage types interact in 

a progressive fashion.  Increased browsing pressure, when coupled with increased levels of accumulated 

damages, increased the probability of winter top-shoot browse (Fig. 4) and may cause delayed recruitment 

to escape height.  If high use persists and the trees are unable to cope with the increased level of browse, 
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moose that concentrate in once productive areas could potentially turn to bark browsing, or more energy 

intensive efforts like breaking large stems to access the top-shoot or inner bark/sap.   

     Damage types as a progression of increasing severity has circumstantial evidence from our analysis.  

Browsing pressure was indeed widespread, and the two areas with high predicted occurrence of winter top-

shoot browsing both overlapped EURZVLQJ� SUHVVXUH� ³ZDUP� VSRWV´� �)LJ. 5).  The only hotspot of bark 

browsing is overlaid with hotspots of all other damage types.  Stem breakage proved to be the exception, 

which was predicted to occur in more continuous bands.  Browsing pressure came up as an important 

predictor for the other three damage types, albeit at different scales (Table 2).  For both bark browsing and 

stem breakage, the weighted average index for season of top-shoot browse was also a top predictor.  This 

sequence of increasing damages might also help explain why stand covariates were largely absent from top 

models, and why environmental variables had little predictive power in comparison to damage covariates.  

     Recent studies suggest that cervids and other herbivores may have a landscape memory for productive 

or good foraging conditions, especially in winter, when resources are scarce.  According to new frameworks 

such as the Adult Learning Hypothesis (Aikens et al. 2017), knowledge of these areas might be acquired 

with age and experience, or the Cultural Transmission Hypothesis (Jesmer et al. 2018), knowledge could 

also be passed down from mother to calf during her seasonal migration or semi-migration.  Following this, 

animals might prefer to over-use known areas, instead of potentially wasting valuable time and energy 

searching for new areas.  A growing body of evidence indicates that moose are able to influence or even 

regulate their own food supply in this way (Shipley 2010).   The current patterns we see could also represent 

either the end point of a previous long-term process that has slowly removed more preferred deciduous 

species like willow (Shipley 2010, Stolter 2008) or a starting point for future habitat modifications that may 

or may not be favorable to current forestry practices.  

     Few studies have attempted to shed light on how this damage starts in the first place, or how individual 

moose foraging decisions might start the cycle anew.  One way this might occur is through seasonal 

variation in winter severity, since during mild winters, exploration becomes less energetically costly.  If 
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previous browsing damage is a potential factor in driving ongoing damages, years with particularly low 

snow depths may correspond to increased access and potential establishment of new browsing areas that 

animals may return to.  Snow depth trends over multiple years may also influence the spatial memory and 

effectiveness of long-term migration routes and animal movement (Merkle et al. 2019).  Snow depth data 

from only the previous winter (November 2020 - April 2021) was used in our analysis.  Many hotspots 

were in the south (except for winter top-shoot browsing), below areas of high snow accumulation (Fig. 1).  

Snow depth might also show lag-effects across years and including snow depth information such as 5- or 

10-year minimums might also be an interesting avenue of potential research.  Analyzing similar browsing 

damage data collected in areas with more varied snow accumulation or along a lager latitudinal gradient 

might return annual snow depth as a top predictor. 

     Our study was not designed to test a potential link between damage type and severity or over-use, or 

potential long-term environmental effects on foraging behavior like those described above.  More studies 

would of course be needed, both to confirm these hypotheses and better quantify the time scale these 

processes operate on.  If damage type does indicate increasing severity or a natural progression of overuse, 

the presence of rare, more severe types of damage (stem breakage or bark browsing) could automatically 

alert managers and foresters that this area meets or exceeds browsing pressure (Norway) or winter top-

shoot thresholds (Sweden; Table 1).  If future data is collected, we predict current areas of high browsing 

pressure and winter top-shoot browsing (for example, between 60.7° N and 12.0° W, Fig. 5) near or around 

current high use areas might start to record more instances of bark browsing and stem breakage in the future, 

barring natural disturbances or human development. 

     Predictors that influence light availability (slope, aspect, and solar irradiance) were returned in several 

top models.  As mentioned previously, pine is a shade-intolerant species (Bergqvist et al. 2014) and pine is 

traditionally thought to by Scandinavian foresters to have an advantage on nutrient poor or sites with 

intermediate soil fertility (Holmström et al. 2018).  This traditional preference might also explain why soil 

productivity was lacking from our top models.  If light availability is a limiting factor for pine in this system, 
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areas that afford the light in the winter might be able to better support young pine age classes.  Fluctuations 

in light availability can be especially pronounced in northern latitudes that experience strong seasonal 

photosynthetic cycles.  We would expect aspect and irradiance to be correlated however, which was not the 

case.  This is again, perhaps due to differences in spatial scale, as the former was on a 250-m resolution and 

the latter on a 1x1 km resolution.  The general effect of these light availability covariates was again low 

compared to damage predictors (Fig. 2). 

     Contrary to our predictions, winter top-shoot browsing was highest outside the known winter 

concentration area along the Swedish/Norwegian border.  Local reports corroborate this finding and suggest 

browsing damages were potentially severe in the northwest.  Unfortunately, we also lack robust samples 

from the winter-concentration area along the border.  This likely is the result, at least in part, from errors in 

our remote sensing analysis discussed earlier, and partly due to the inability of field teams to cross the 

geographic border during the COVID-19 pandemic.  Lower predicted probabilities in certain areas might 

also reflect increasing model uncertainty as distance increases from relatively rare events such as a broken 

stem.  

     More sophisticated landscape models could be particularly useful to identify damage in previously 

unknown areas or help quantify degree of damage for forest management in areas where intensive field 

surveys are cost prohibitive.  Combined with a severity index (if one exists), managers could more easily 

detect potentially at-risk areas, and researchers could potentially find new areas of animal use.   Landscape 

models could also serve as an important tool for testing ecological hypotheses regarding the long-term 

effects of moose foraging behavior.  8QGHUVWDQGLQJ�µPRRVH�DV�IRUHVWHU�IDUPHU´�phenomenon, and what it 

means for the long-term viability of their habitat, is paramount for both future researchers and management. 
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Table 1. Comparing browsing damage methods in Norway and Sweden. 

 

 NORWAY SWEDEN 

Damage Indices Number of Browsed Shoots % Fresh Damage (Top-shoot, bark 
browsing, and stem breakage) 

Goal for Monitoring Healthy Moose Populations Healthy Forest Stands 
Name of Method Solbraa Äbin 
Management Thresholds 

Green 0-20% Light Damage 0-5% Tolerable 
Yellow 20-30% Moderate Damage 5-10% Acceptable 

(if not sustained for more than 1 year) 
Red 30-40% Severe Damage 10-20% Critical 

Black >40% Forest threatened >20% Forest threatened 
mature forest unlikely 
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Table 2. Covariates used in model selection, separated into three categories. 

 

Covariate Name Scale Units Data Sources/Notes 

Stand Covariates 

Localized Pine Density Plot Level # pine/38.5 meter2 Collected summer 2021 

Productivity Plot Level Very Poor, Poor, Moderate, 
Good 

Derived from dominant field 
vegetation layer  

Localized Spruce Density Plot Level # spruce/38.5 meter2 

Collected summer 2021 
Localized Birch Density Plot Level # birch/38.5 meter2 

Average Pine Height Plot Level meters 

Pine Height Individual Tree meters 

Environmental Covariates 

Snow Depth 1x1 km grid cells millimeters seNorge NVE snow model 

Aspect 250 x 250 m grid 
cells 

North, South, East, West EU DEM v1.1 

Elevation 250 x 250 m grid 
cells 

േmeters over average EU DEM v1.1 

Road Density 1x1 km grid cells kilometers road/kilometer2 N50 Dataset 

Slope 250 x 250 m grid 
cells 

degree EU DEM v1.1 

Solar Radiation 250 x 250 m grid 
cells 

Kilowatt-hours/m2  
January 1 

EU DEM v1.1 

Prior Damage Covariates 

Weighted Index Average 
of Accumulated Damage 

Plot Level 1: Light 
2: Moderate 
3: Intense 
4: Destroyed 
0: Other/ 
Undamaged 

LOW 
 
HIGH 
 
NO 
DAMAGE 
 

Collected summer 2021 Accumulated Damage 
Score (factor) 

Individual Tree 

Weighted Index Average 
of Season of Top Shoot 
Browse 

Plot Level 1: Summer Only  
2: Winter Only  
3:Both Winter & Summer 
0: Other / Older Damage 

Collected summer 2021 
Season of Top Shoot 
Browse (factor) 

Individual Tree 

Browsing Pressure Plot Level Total Shoots Browsed/ 
Total Shoots Browsed + 
Unbrowsed 

Collected summer 2021 

Individual Tree Shoots Browsed /  Browsed 
+ Unbrowsed Shoots 

Excluded from Winter Top-Shoot 
Models 
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Table 3. List of the top GLMM covariates for each browsing damage type. 

 

Response 
Variable 

Top Covariates: 
Stand 

Top Covariates: 
Environment 

Top Covariates: 
Previous Damage 

οAIC ൑ 2 

Top-Shoot 
Winter 
Browsed? 

Birch Density *  
Spruce Density 

Relative Elevation  
Snow Depth 

IndACC1 +  
Plot Pressure 

Global 
Damage + Stand  

Stem Broken? NONE Avg Slope + 
Relative Elevation + 
Aspect 

PlotWTop2 * Ind Pressure Damage + 
Environment 

Bark Browsed? NONE Aspect * 
Solar Radiation 

IndACC  + Plot Pressure + 
PlotWTop 

Damage + 
Environment 

Browsing 
Pressure (rate) 

Productivity *  
Plot Avg Height Pine 

Aspect +  
Avg Slope + 
Road Density 

TopShoot Age3 + IndACC + 
PlotWTop 

Damage + 
Environment 

 
 
 
 

 
1 Categorical variable: accumulated damage score for the individual tree (None, Low, or High) 
2 Continuous variable: Weighted average of age of estimated top-shoot browse for all pine trees measured in the plot 
3 Categorical variable: age of the browsed top-shoot for the individual tree (None, Summer, Winter, Both) 
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Table 4. List of linear and non-linear covariates in top models for each browsing damage type. 

 

Response 
Variable Linear Covariates Non-Linear 

Covariates 
Degrees of 
Freedom 

R-sq (adj) and 
% Deviance Explained 

Top-Shoot 
Winter 
Browsed? 

IndACC Plot Pressure  5.0 0.171 / 25.2% 
Birch Density *  
Spruce Density 

1.7 

Latitude*Longitude 7.2 
Stem 
Broken? 

Aspect 
Slope 
Relative Elevation 

Ind Pressure* 
PlotWTop 

3.8 0.055 / 14.9% 

Latitude*Longitude 5.6 
Bark 
Browsed? 

IndACC  
Aspect 
PlotWTop 
Plot Pressure 

Latitude*Longitude 11.2 0.0923 / 21.4% 

Solar Radiation 1.6 

Browsing 
Pressure 
(rate) 

Top-Shoot Age 
IndACC 
Aspect 

Average Slope 8.6 0.593 / 64.6% 
Road Density 18.8 
PlotWTop 7.8 
Latitude*Longitude 31.0 
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7DEOH����%RWK�1RUZD\�DQG�6ZHGHQ�HPSOR\�D�³WUDIILF�OLJKW�V\VWHP´�WR�FDWHJRUL]H�EURZVLQJ�damage severity. 

Sweden focuses on instances of fresh browsing, whereas Norway focuses on browsing pressure on all 

available shoots. The management thresholds are particularly striking when compared side by side, as the 

³PRGHUDWH´�GDPDJH�FDWHJRU\�LQ�1RUZD\ corresponds to the most unacceptable level of damage in Swedish 

forests. 

Fig. 1. Map of the study area exploring moose browsing damage on pine in a cross-border context between 

Norway and Sweden. Snow depth is roughly contoured by intervals of 150 mm (see Table 2 for data source) 

and averaged from between mid-October and mid-May 2021. In total, 313 sampling squares each 1x1 km 

were spaced throughout, and each square was then divided into an 80x80 m grid. Finally, this grid was 

overlaid with potential eligible stand polygons to obtain browsing plot locations. 

Table 2: List of covariates used in model selection for different types of moose browsing damage, their 

relative spatial scale, units, and data sources. Tree density and average height of all stems in the plot were 

dropped from further analysis due to high correlation with pine density and pine height variables. 

Table 3: List of top covariates in intra- and inter-category model selection. Bolded names in the final column 

indicate the top model selected for each response variable. Each category was limited to a maximum of 

three variables carried forward to the global modeling analysis. For bark browsing and stem breakage, 

FRYDULDWHV�LQ�WKH�³6WDQG´�FDWHJRU\�GLG�QRW�LPSURYH�ILW�ZKHQ�FRPSDUHG�WR�PRGHOV�ZLth only the random error 

term and were dropped from further analysis. 

Fig. 2. Forest plots of top GLMMs for all four response variables describing moose browsing damage on 

pine. Purple terms indicate positive relationships and green terms indicate negative relationships, separated 

by the blue zero line. Stars denote level of significance as reported by the model output summary. Terms 

with confidence intervals that overlap the zero line are considered to have neither an positive nor negative 

effect on the slope of the linear model. 
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Table 4: List of GAM analysis results for each of the top models listed in Table 3. Models were tested for 

linearity by first applying the GAM functional framework without any smoothed terms and then compared 

(via AIC and ANOVA) to models with smoothed terms, and to models with smoothed terms and location 

as a fixed effect. 

Fig. 3. The effects of the interaction between spruce density and birch density on probability of winter top-

shoot browsing by moose on pine. The x- and y-axes are standardized on their z-score (standard deviations 

above mean) and both inFUHDVH�³WRZDUGV´�WKH�YLHZHU��ORZ�FRUQHU�RI�WKH�ER[���%LUFK�KDG�WKH�PD[LPXP�HIIHFW�

on winter top-shoot browsing (10% probability) at moderately high densities (2-4 standard deviations above 

mean) with average or below-average spruce densities. This pattern quickly disappeared at higher spruce 

densities. 

Fig. 4. The predicted probability of winter top-shoot browse by moose on individual pine trees at different 

browsing pressure levels of the entire plot. Even at similar levels of browsing pressure (scaled variable), 

increasing accumulated damage levels increased the probability of winter top-shoot browsing. 

Fig. 5. Spatial distributions of browsing damage type based on GAM model predictions. Light (yellow and 

orange) areas indicate higher concentrations of that particular damage type, dark (purple and red) areas 

indicate lower concentrations. Gray areas indicate model uncertainity, which generally correspond to areas 

with limited eligible plots due to lack of pine or forest (such as the large bog complex in the north-central 

part of the study area). Model predictions were limited to spatial extent within the bounds of the dataset. 

All covariates are held at their mean predicted values, or modal/median value for relevant categorical 

variables (ex: South aspect, Low accumulated damag level, Unbrowsed top-shoot). 
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Fig. 1. 
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Fig. 2. 
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Fig. 3. 
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Fig. 4.
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Fig 5. 
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Revisions to the Manuscript Guidelines for Contributors to Alces 

x For all References, spell out the names of books, proceedings and journals in full. 
 

x Eliminate the use of all other abbreviations in the References section except for M.Sc., 
Ph.D., Inc., Ltd., U.S., U.S.A., D.C., and U.K. 
 

x Do not provide the total page numbers of books, theses, or government publications in 
the References section. 
 

x Use large and small capital letters for author(s) names in the References section (e.g., 
KARNS, P.D., and V. CRICHTON). 

 
x Where there are two (2) authors of a paper cited in the References section, follow the 

first author's initials with a comma (see example above). 
 

x If e-mail addresses are provided, include them with the affiliation and mailing address of 
authors following the title on the first page. 

 
x If not the first author, indicate the corresponding author in a footnote on the first page. 

Do not italicize "et al.", "unpublished data", "personal communication", or "in press" 
when citing sources in the text. 

 
x Do not use an apostrophe for plural dates (e.g., use 1970s instead of 1970's) or with 

acronyms (e.g., use ANOVAs instead of ANOVA's). 
 

x When citing websites in the References, provide the month and year the website was 
last accessed by the author(s); e.g., Accessed June 2007. 

 

Checklist of Common Errors in Manuscripts Submitted to Alces 
 

x For all References, spell out the names of books, proceedings, and journals in full ± DO 
NOT ABBREVIATE. 
 

x References should be in alphabetical order regardless of the number of multiple authors 
(i.e., use the surname of the first author, then the surname of the second author, then 
the surname of the third author, and so on) ± for multiple citations with the same 
authors, the sequence is chronological. 

 
x Surnames of authors in the References section should be given in LARGE and SMALL 

capital letters (in Microsoft Word Choose Format>Font, then check the box next to Small 
caps in the Effects section of the dialogue box). 

 
x Where there are two (2) authors of a paper cited in the References section, follow the 

first author's initials with a comma (e.g., KARNS, P.D., and V. CRICHTON). 



x Do not provide the total number of pages for books, theses, or government reports in 
the References section. 

 
x Provide the publisher and place of publication (city and country) for all books theses, 

and government reports in the References section. 
 

x Authors must ensure that all published literature cited in the text has a corresponding 
citation with the same year of publication in the References section and that all 
references listed have been cited in the text. 

 
x Do not italicize "et al.", "unpublished data", "personal communication", or "in press" 

when citing sources in the text. 
 

x All conjunctions (and, or) in a series of 3 or more items should be preceded by a comma 
(e.g., calves, cows, and bulls), both in the text and in the References section. 

 
x Standard abbreviations should be followed by commas (i.e., and e.g.,). 

 
x Table columns must be generated with tab settings or a table editor ± do not use the 

space bar. ONLY horizontal lines should be used in Tables. The layout of tables should 
resemble those in recent issues of Alces. 

 
x More than 3 colours or shades of gray used for maps and bar graphs may not be clearly 

differentiated when printed in black and white ± solids (black or white) and patterns 
(stippling, crosshatching) are better. 

 
x A common font such as Times Roman should be used for ALL text and tables and a 

sans serif font such as Arial should be used in figures - the same font should be used for 
ALL figures. 

 
Submissions 
 
Send all NEW manuscripts to: 
Roy V. Rea, Submissions Editor 
Natural Resources and Environmental Studies Institute 
University of Northern British Columbia 
E-mail:Roy.Rea@unbc.ca 
 
Send all ACCEPTED MANUSCRIPTS and GALLEY PROOFS to: 
Peter Pekins, Editor 
Department of Natural Resources 
University of New Hampshire 
E-mail: Pete.Pekins@unh.edu 
 

 


