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Introduction

Abstract

Forest management is an important component of global change as more than half
of the world’s forests are managed for human use. Although the effect of forest
management on taxonomic diversity is well-studied, we do not fully understand its
impact on functional diversity. Understanding this is important to better predict
how ecosystem processes will respond to global change scenarios and to imple-
ment efficient conservation actions. We conducted two large-scale (~81 800 km?)
research projects over 4years in temperate forests of the northeastern USA to
investigate how the functional structure of bird and mammal communities are
affected by forest disturbance. We surveyed 85 bird species distributed in 115 sites
using point counts, and 14 mammal species across 197 sites using camera traps.
For each species, we selected functional traits that summarize key features of their
biology, and for each site, we collected data on the level of forest disturbance
based on forest loss events. We found that functional richness increased with forest
disturbance for mammals but not for birds. Our results also showed that niche
breadth (diet), morphological (body mass and wing length), and physiological (lit-
ter size) factors were the main determinants of the functional structure of both
groups. These findings emphasize the complexity of making predictions about
responses to forest management given the heavy dependence on the context and
taxa studied. Overall we observed a limited response of functional diversity to for-
est management, which might indicate that the environmental changes generated by
forest management in this region are less extreme than deforestation or conversion
of natural forest to plantations of exotic species. Nonetheless, our results under-
score the importance of investigating the effects of forestry on individual traits to
develop strategies for managing for ecosystem functions.

Timber harvest can have short- and long-term conse-
quences on forest structure, composition, function, and

54% (2.05 billion ha) of the world’s forests are managed,
primarily for timber production (Food and Agriculture Orga-
nization of the United Nations, 2020) and this has been a
common practice, especially in temperate regions, for thou-
sands of years (Canham, Rogers, & Buchholz, 2013). In
many cases, timber harvesting only removes tree cover tem-
porarily without leading to land use change per se, as forest
regeneration commonly  follows harvesting (Keenan
et al., 2015). Even in tropical regions where timber demand
is often met by commercial tree plantation of exotic species
managed forests can still retain high numbers of species
(Barlow et al., 2007). Nevertheless, the global scale of for-
ests and forestry makes them important drivers of change,
and thus we must improve our understanding of how forestry
practices affect ecosystem functioning and services.
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microclimate (Hunter, 1999; Lindenmayer et al., 2009), ulti-
mately affecting individuals and populations of animals. At
the individual level, management practices can mediate sur-
vival rates and the distribution of behavioral types (Sriniva-
san, Hines, & Quader, 2015; Gasperini et al., 2016;
Mortelliti & Brehm, 2021). At the population level, it can
affect population size and occupancy probability (Kalies
et al., 2012; ¢2016; Schulze, Malek, & Verburg, 2019). Spe-
cies richness of communities can increase or decrease in
response to forest management (Paillet ef al., 2010; Chaudh-
ary et al., 2016), and even if richness is unaffected, species
composition can change, creating a new community with dif-
ferent species and dynamics (Werner & Raffa, 2000; Politi,
Hunter, & Rivera, 2012; Solar et al., 2016). However, popu-
lation and taxonomic community metrics may not fully
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demonstrate whether ecological dynamics and ecosystem ser-
vices are resilient to forest management (Yguel et al., 2019).

Functional diversity (the ability of species and their traits
to influence ecosystem functioning; Tilman (2001)) is a
strong indicator of ecosystem resilience to both natural and
anthropogenic forest disturbance as it measures the functional
role of species (Tilman, 2001; Aquilué e al., 2020). Func-
tional diversity in forests is driven mostly by vegetation
structure rather than climate or topography (Thom
et al., 2021), but recent studies have found that it is not con-
sistently affected by forest management practices. For exam-
ple, some studies have shown that forest disturbance leads to
an increase in functional diversity due to vegetation hetero-
geneity (Sitters et al., 2016; Murray et al., 2017; Szymafiski
et al., 2021), but other studies have found the opposite pat-
tern: a decrease in functional diversity as a response to forest
disturbance (Cosset & Edwards, 2017; Murray et al., 2017;
Rodriguez, Pohjoismiki, & Kouki, 2019). In addition to
overall functional diversity, forest disturbance can also mod-
ify the average distribution of individual traits (e.g. body
mass, habitat breadth), for example, by shifting from large,
specialized species to small generalists (Carrefio-Rocabado
et al., 2012).

These contrasting patterns highlight the complexity of the
relationship between functional diversity and forest manage-
ment and call for more research. We still do not fully under-
stand: (1) how species with different functional traits
respond to management practices; and (2) what functional
traits are the main drivers of responses. This is not surprising
because forest management can be very complex, and its
influence varies among taxa (Barlow er al., 2007; Paillet
et al., 2010; Chaudhary et al., 2016). In addition, terms like
“forest management” and “forest disturbance” cover a wide
array of impactful events, although they can be simplified to
a disturbance index tied to the extent of tree mortality
(Franklin, Johnson, & Johnson, 2018).

To help fill this critical knowledge gap on animal
responses to commercial forestry, we conducted two
large-scale (~81 800 km?) field studies over 4 years in tem-
perate forests of the northeastern USA (Rolek et al., 2018a,
2018b, 2021; Evans, Mosby, & Mortelliti, 2019; Evans &
Mortelliti, 2022; Evans et al., 2024) to investigate how forest
management practices and other forest covariates influence
the functional structure of bird and mammal communities.
More specifically, we asked: (1) how does forest disturbance
caused by timber harvest and the resulting vegetation struc-
ture (e.g. tree species composition and size) affect the func-
tional diversity of bird and mammal communities? (2) what
are the functional traits driving these associations? We expect
forest disturbance to affect the functional diversity of birds
and mammals, but the direction of this effect should depend
on whether forestry practices increase or decrease communi-
ties’ trait variation (Fig. 1). Because forest disturbance can
lead to functionally simplified communities (Carrefio-
Rocabado et al, 2012; Costantini, Edwards, &
Simons, 2016), we expect functional traits associated with
niche breadth and specialization to be especially influential
in determining functional diversity patterns.
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Materials and methods

Study area

Our study was carried out primarily in Maine with a few
sites in New Hampshire, and Vermont, in the northeastern
USA. Forests cover over 85% of this region and are mostly
(>70%) intensively managed for commercial forestry (Morin
et al., 2012). Commercial forestry in this area has resulted in
a mosaic of mixed-age stands. These are hemi-boreal forests
described as a transition from temperate deciduous to boreal
forest (Brandt, 2009) with dominant trees such as balsam fir
(Abies balsamea), red spruce (Picea rubens), red maple
(Acer rubrum), white pine (Pinus strobus), and paper birch
(Betula papyrifera). The climate is humid continental, with
summer (July) temperatures ranging from 12 to 25°C with
55 cm of rainfall, and winters (January) ranging from —16 to
—5°C with 51 cm of snowfall (National Oceanic and Atmo-
spheric Agency [NOAA], 2020).

We established two large-scale field studies to collect data
on the composition of bird (Rolek er al., 2018a, 2018b,
2021) and mammal (Evans, Mosby, & Mortelliti, 2019;
Evans & Mortelliti, 2022; Evans et al., 2024) communities
across a range of forest disturbance regimes characteristic of
northeastern USA forests (Fig. 2).

Bird survey

Birds were surveyed in 115 sites (i.e. forest stands with rela-
tively uniform years since harvest and forest management;
sampling unit) between 2013 and 2015 using point counts
across six areas in Maine, New Hampshire, and Vermont,
USA (Fig. 2) (Rolek et al., 2018a, 2018b, 2021). Sites were
selected based on (1) years since harvest (including five to
>113 years since harvest disturbance), (2) intensity of forest
management (from most intense to least intense), (3) compo-
sition of coniferous trees (>50%), and (4) site size (>12 ha)
to minimize edge effects (King, Griffin, & DeGraaf, 1997;
Ortega & Capen, 2002). The surveys focused on
conifer-associated birds because practices of partial and
selection harvests coincide with a decrease in coniferous for-
ests in our study area (Legaard, Sader, & Simons-
Legaard, 2015) and birds dependent on such forests are
showing declines in their populations and thus are of conser-
vation interest (Ralston et al., 2015).

Sites were sampled during the breeding and post-breeding
season (June—August), with the number of points per site
varying from two to 18 (mean=5; sp =2.6). At each point,
a 10min multi-species point count survey was conducted
with a radius of 50m from the observer (Bibby
et al., 2000). Most points (71%) were visited once a month
during the 3 years of our fieldwork totaling nine visits per
point (remaining points were visited from four to eight
times) (Rolek et al., 2018a, 2018b, 2021). Therefore, sites
had both spatial (points) and temporal (visits per point) repli-
cates to increase the detection of rare species. Twenty-eight
trained observers conducted the surveys, and they were
rotated among repeated visits to minimize observer bias.

Animal Conservation 28 (2025) 529-541 © 2024 Zoological Society of London.
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Functional diversity of birds and mammals in managed forests

Functional diversity

Forest disturbance

Functional diversity

Forest disturbance

Figure 1 Conceptual framework of the study. Forest management activities such as logging can determine the abundance of species with
different traits in the community. Panel (a) shows a scenario in which forest management promotes trait variation within the community
represented by a large herbivore (moose), a carnivore (lynx), and a small herbivore (snowshoe-hare) and this is reflected in an increase of
functional diversity. Panel (b) shows a scenario in which forest management reduces community trait variation represented by three small
herbivores (red squirrel, porcupine, and snowshoe hare), ultimately decreasing functional diversity.

Surveys were conducted during good weather conditions,
avoiding excessively windy (Beaufort scale <7, strong
breeze or less) or rainy days (moderate rain and thunder-
storms). Points were at least 100-m apart and at least 130-m
from the forest edge, and sites were about 1-km apart within
an area, on average. We created a species presence/absence
matrix for each site based on the species detected at each
point. We removed species detected in less than five points
and flyovers, and we combined data for two vireo species
(Vireo philadelphicus and Vireo olivaceus) because they are
very difficult to distinguish by song in the field. Thus, we
included in the analyses 85 species from 24 families.

Mammal survey

Mammals were surveyed in 197 sites between 2017 and
2020 using camera traps in Maine, USA (Fig. 2). Sites were
selected based on (1) forest disturbance (from low to high
levels of forest disturbance), (2) latitude (from low to high

Animal Conservation 28 (2025) 529-541 © 2024 Zoological Society of London.

latitude), and (3) forest composition (deciduous vs. conifer-
ous trees; Evans, Mosby, & Mortelliti, 2019; Evans & Mor-
telliti, 2022; Evans et al., 2024). We focused our survey on
the northern two-thirds of Maine excluding the coastal and
less forested southern portion of the state.

Sites were sampled at least once in the summer (JuneSep-
tember) and once in the winter (January-April), totaling a
minimum of two seasons per site, but some sites had up to
seven seasons. Sites were at least 6 km apart to ensure inde-
pendence among detections between sites. Each site had
three passive infrared cameras (Bushnell Trophy Cam E2/E3)
about 100m apart in a linear transect (Evans, Mosby, &
Mortelliti, 2019) which were active for 15 to 21 days. Cam-
eras were set about 40 cm from the ground facing a tree with
bait (beaver meat) and scent lure scent (skunk essence and
Vaseline based) to attract carnivores (Evans & Mortel-
liti, 2022). Importantly, in our study area, the combined use
of bait and lure increases the detection of carnivores while
not influencing the detection of non-carnivore mammals
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Bird survey sites
M 2013 - 2015
(n = 115)

Mammal survey sites
2017 --2020
(n =197)

Forest disturbance index

Higher

Lower

Figure 2 Study area in northeastern USA including the states of Maine, New Hampshire, and Vermont. Survey sites were distributed among
different levels of forest disturbance from low (in green) to high (in brown). Pink squares indicate point count sites to survey birds between
2013 and 2015 and blue circles indicate camera trap sites to survey mammals between 2017 and 2020.

(Buyaskas, Evans, & Mortelliti, 2020). For the species
presence/absence data for each site, we pooled images from
all three cameras for each site. In total, we included 14
mammal species from nine families in the analyses. Our field
methods were approved by the University of Maine Institu-
tional Animal Care and Use Committee, protocol #A2018-
05-06.

Forest covariates

We collected two GIS forest-related covariates at each survey
site: forest disturbance and proportion of conifer forest. For-
est disturbance was measured from Landsat imagery from
1984 to 2017 and processed by Kilbride (2018) using a
novel method to combine multiple individual change detec-
tion algorithms calibrated for New England forests. These
algorithms capture forest loss events, primarily due to timber
harvest activity. Using spectral properties, Kilbride (2018)
derived metrics describing the year of the most recent forest
disturbance event and the intensity of this event at a 30-m
resolution. We categorized the intensity into four classes
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where one indicated no disturbance event and four indicated
a high-intensity event. We also categorized the year of the
most recent disturbance event into four classes, one indicat-
ing no disturbance event (or prior to 1989) and four indicat-
ing a very recent event (after 2010 for birds and after 2013
for mammals). We then multiplied these two variables (inten-
sity and year) to create a single variable that incorporates
both intensity and time since the forest loss hereafter called
the forest disturbance index (Evans & Mortelliti, 2022; Mor-
telliti, Brehm, & Evans, 2022; Dri et al., 2022; Figure S1).
The disturbance index covered from 1984 to 2015 for birds
and from 1984 to 2017 for mammals to fit the respective
survey periods. The proportion of conifer forest was
extracted from the National Land Cover Database (NLCD)
from 2013 for birds and 2019 for mammals. Because these
variables may affect the functional diversity at different
scales, we created buffers (300m, 1km, 3 km, and 6km)
around the centroid of each site and extracted the average
values of forest disturbance and proportion of conifer forest
for each buffer. These distances are appropriate because they
are comparable to home-range sizes of target species and

Animal Conservation 28 (2025) 529-541 © 2024 Zoological Society of London.
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they also capture changes in the landscape from local
(300m) to broader (6 km) scales. This data processing was
performed in ArcGIS Pro 2.8.

We also calculated the diversity of forest structure vari-
ables in the field that characterize the fine-scale vegetation
structure related to forest management. For birds, the covari-
ates include trees’ DBH, canopy cover, and midstory cover
(Rolek et al., 2018b). For mammals, they include tree’s
DBH and the number of logs and stumps on the ground
(Evans & Mortelliti, 2022). We calculated the coefficient of
variation of these variables that represents the diversity of
each forest element by calculating the variable standard devi-
ation and dividing it by the variable mean, using program R
version 4.2.3 (R Core Team, 2023). See Supplementary
Material for a full description of these variables.

Functional traits collection and processing

We selected functional traits for birds and mammals that
summarize key features of their biology, ultimately influenc-
ing their interaction with the environment (Sitters
et al., 2016). For birds, traits included body mass, diet, habi-
tat breadth, foraging strata, wing length, and migration sta-
tus, whereas for mammals they included body mass, diet,
habitat breadth, litter size, and activity period. Body mass,
diet, and foraging strata were obtained from the ELTON
Traits 1.0 database (Wilman ef al., 2014), migration and
wing length were obtained from the AVONET trait database
(Tobias et al., 2022), litter size was obtained from the
panTHERIA database (Jones et al., 2009), activity was
obtained from Cox, Gardner, & Gaston (2021), and habitat
breadth was obtained from the IUCN Habitats Classification
Scheme (IUCN, 2023). All functional traits were continuous
except for migration for birds (long distance, partial-migrant,
or sedentary) and activity period for mammals (diurnal, cre-
puscular, nocturnal, or cathemeral).

Body mass (g) was the average weight of a reproductive
adult (Wilman et al., 2014). Diet was calculated as a syn-
thetic value representing the invertivore gradient for birds
(i.e. species that consume mainly invertebrates have a higher
value than granivore or frugivore species), and the herbivore
gradient for mammals (i.e. species that consume mainly plant
items have a higher value than carnivore species). To process
the diet data, we followed Cox, Gardner, & Gaston (2021)
in which we transformed the percent use of each diet item
(invertebrates, vertebrates, fruit, plants, etc) from Elton Traits
into a distance matrix and then performed a Principal Coor-
dinate Analysis (PCoA) on this matrix. The first axis
explained sufficient diet variation across species (43% for
birds and 65% for mammals) and thus we used the loading
values of the first PCoA axis as synthetic trait values hereaf-
ter referenced as diet (Figure S2; Cox, Gardner, & Gas-
ton, 2021). Foraging strata was the number of different
forest strata listed for each species in the Elton Traits data-
base (e.g. ground, understory, mid-high, and canopy). Wing
length (mm) was the length from the carpal joint to the tip
of the longest primary on the unflattened wing. Litter size

Animal Conservation 28 (2025) 529-541 © 2024 Zoological Society of London.
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was the average number of offspring born in a single litter.
Habitat breadth was the number of “suitable” habitats listed
for each species by the IUCN (2023). More details on the
functional traits used with a direct demonstration of the link-
age between each trait and its ecological importance are
available in the Table S1.

Data analysis

To quantify the effect of forest covariates on the functional
structure of animal communities, we calculated the functional
richness (FRic) and functional originality (FOri) of these
communities. Functional richness describes the volume of
the functional space occupied by species in a community
(i.e. it is a measure of the amount of different traits; Villéger,
Mason, & Mouillot, 2008). Functional originality measures
how isolated a species is in the functional space in relation
to other species in the community and it can be interpreted
as the opposite of functional redundancy (i.e. it is a measure
of trait uniqueness) (sensu Mouillot et al., 2013). We calcu-
lated functional richness for all traits combined and also for
each trait separately. By assessing the variation of each trait
within communities we can identify which traits are more
important for the functional structure and drivers of potential
associations with the environment. We also calculated func-
tional specialization (FSpe) which represents how far a spe-
cies is from the center of the functional space and it can be
interpreted as a generalist vs. specialist gradient (Mouillot
et al., 2013). However, this index was highly correlated
(cor > 0.6) with functional originality for both birds and
mammals so we elected to remove this variable from the
analyses (Figure S3). We used species presence/absence data
rather than abundance because converting camera trapping
data into abundance can be problematic (Johansson
et al., 2020).

We standardized the functional traits to create a multi-trait
distance matrix using Gower distance allowing the treatment
of mixed-type traits (Pavoine et al., 2009) using the funct.-
dist from the mFD package version 1.0.4 (Magneville
et al., 2022). We used this distance matrix to calculate func-
tional richness using the dbFD function from the FD pack-
age version 1.0.12.1 (Villéger, Mason, & Mouillot, 2008).
To calculate functional originality, we performed a PCoA
from the distance matrix to ordinate species into a functional
space (Villéger, Mason, & Mouillot, 2008). From the PCoA,
we assessed the quality of the functional space of birds and
mammals through the mean squared deviation (mSD; Maire
et al., 2015) and selected the first four PCoA axes to calcu-
late FOri following Mouillot et al. (2013, Figures S4 and
S5). To calculate these indices, we combined all data from a
site (both spatial and temporal replicates per site), so each
site had one value per variable. We verified that there was
no spatial autocorrelation in all response variables by per-
forming a spcorrelogram analysis using the package ncf ver-
sion 1.3-2 (Bjornstad, 2022, Figures S6 and S7).

Because functional richness is strongly influenced by spe-
cies richness (Villéger, Mason, & Mouillot, 2008; Mouillot
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et al., 2013), and species richness is influenced by sampling
artifacts, we created null models to tease apart the correlation
between species and functional richness and used the null
deviation from the expectations as an unbiased measure of
FRic. To do so, we maintained the observed species richness
and composition for each community while randomizing spe-
cies traits 999 times and recalculating FRic in each randomi-
zation. Null models allowed us to create a distribution of
expected FRic values and compare them to the observed
values. The new FRic (FRicggs) resulting from the compari-
son between the observed (FRicy,s) and null (FRic,,) with
their standard deviation (SD,,;) calculated as the Standard-
ized Effect Size for each community (equation 1) (Gotelli &
McCabe, 2002):

(FRicogs—FRicnyLL)

1
SDnuLL o

FRiCSEs =

We calculated the corrected functional richness (FRicggs)
for all traits combined and for each functional trait sepa-
rately. To examine the effect of forest covariates on func-
tional diversity, we fitted linear mixed-effect models using
site as a random variable for birds with the R package lme4
version 1.1.32 (Bates et al., 2015), and linear models for
mammals as there was no hierarchical structure in the mam-
mal dataset (Evans & Mortelliti, 2022). We ran a separate
set of models for each response variable (FRicsgs and FOri)
and associated them with forest covariates. For both animal
groups, predictor variables were the proportion of conifer
forest (all buffer sizes), forest disturbance index (all buffer
sizes), and diversity of DBH. For birds, we also included the
diversity of midstory cover, and canopy cover, while for
mammals we included the diversity of logs and stumps on
the ground. To identify which traits were driving the
observed association of FRicggg and FOri with forest covari-
ates or how they respond to forest covariates individually,
we generated another set of models with FRicggg of individ-
ual traits as the response variable and forest disturbance
index (all buffer sizes) and proportion of conifer forest (all
buffer sizes) as predictor variables.

We used the Akaike Information Criterion (AIC) to rank
competing models (Burnham & Anderson, 2002) with the R
package AlCcmodavg version 2.3.2 (Mazerolle, 2023) and
performed multi-model inference using models within 2 AAIC
of the top model. We first tested single variable models and
then tested additive and interaction term models if more than
one model ranked within 2 AAIC. We did not include highly
correlated variables (>0.6) or the same variable at different
buffer scales in the same model. If the null model was within
2 AAIC, we interpreted it as no predictor having an important
association with the response variable, and if the top model
set contained nested models, we reported on the simpler
model. We quantified mixed-effect models fit using Nagelk-
erke’s R-squared through the R package MuMIn version
1.47.5 (Barton, 2023). All variables were z-standardized prior
to the analysis. We checked linear model assumptions for all
models, and the residual plots of the top-ranked models are
available in the Figures S8 and SO.
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Results

Bird communities varied from 22 to 54 species (37 4= 6) per
site and mammal communities varied from 3 to 13 species
(8 £ 1) per site. Birds were mostly insectivorous with body
mass ranging from 3.09g to 5.7kg. For mammals, we
detected a similar number of carnivores, herbivores, and
omnivores with body masses ranging from 119 g to 357 kg.
See archived data for the full list of species with their traits
(Rolek et al., 2018a, 2018b, 2021; Dri, 2024).

Functional richness and originality

The top-ranked model for mammal functional richness
included a positive effect on the proportion of conifer forest
at a 3-km scale (f=0.18; sp =0.05) and forest disturbance
at a 1-km scale (f=0.14; sp =0.05; Fig. 3; Table 1). Mam-
mal functional originality also included a slight positive
effect of both the proportion of conifer forest at a 3-km scale
(#=0.01; sp=0.004) and forest disturbance at a 300-m
scale (= 0.009; sp =0.004). We did not find an association
between bird functional richness and originality and any for-
est covariates at any spatial scale (Fig. 3; Table 1).

Functional richness for individual traits

The top-ranked models for individual traits included the
effect of forest disturbance and the proportion of conifer for-
est for birds. Specifically, we found that bird communities in
areas with higher forest disturbance had a higher variation in
diet (#=0.329; sp=10.09; 500-m scale) but a lower varia-
tion in body mass (f=—0.11; sp=0.03; 300-m scale) and
wing length (= —0.35; sp=0.11; 300-m scale; Fig. 4;
Table 2). We also found that the variation in foraging strata
slightly decreased with the proportion of conifer forest at
1-km scale (= —0.18; sp =0.07; Table 2). We did not find
evidence for an association between the variation in habitat
breadth and migration status with forest covariates.

For mammals, we found that both the variation in body
mass and litter size increased with forest covariates. The
top-ranked model for body mass variation showed a positive
effect with the proportion of conifer forest at a 3-km scale
(#=0.182; sp=0.05; Table 2). The proportion of conifer
forest at a 6-km scale was a competitive model and had a
similar positive association with the variation in body mass.
The top-ranked model for litter size variation included a pos-
itive effect of forest disturbance (f=0.241; sp=0.06) and
proportion of conifer forest (f=0.174; sp =0.06) both at a
3-km scale (Fig. 4; Table 2). We did not find evidence for
an association between the variation in habitat breadth, diet,
and activity pattern with forest covariates.

Discussion

Our results using two large-scale field studies on birds and
mammals revealed that mammal’ functional richness
increased with forest disturbance while birds showed no sig-
nificant trend. We also found interesting results at the trait

Animal Conservation 28 (2025) 529-541 © 2024 Zoological Society of London.
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Figure 3 Predictions from the top-ranked linear (mixed) model for bird and mammal functional diversity with all traits analyzed together.
While bird functional diversity is slightly negatively affected by forest disturbance and the proportion of conifer forest, both at the 300-m
scale (panels a and b), mammal functional richness increases with forest disturbance at a 1-km scale and conifer forest at the 3-km scale
(panels ¢ and d). Functional richnessses is the functional richness corrected by species richness (standard effect size). Color ribbons indicate
the 95% confidence interval. Bird data were collected from point count surveys conducted from 2013 to 2015 in 115 sites across Vermont,
New Hampshire, and Maine, USA. Mammal data were collected from camera trap surveys conducted from 2017 to 2019 in 197 sites across

Maine, USA.

level for both animal groups. Partially in line with our pre-
dictions that niche breadth traits (e.g. diet and habitat
breadth) would be particularly influential in determining
functional diversity patterns, we found that niche breadth
(diet) along with morphological (body mass and wing
length) and physiological (litter size) factors were the main
determinants of the functional structure of both groups.
Importantly, each trait category responded differently to for-
est disturbance, and birds and mammals were sensitive to
disturbance at different spatial scales (Fig. 4). Our results
indicate that the effects of forest management on functional
diversity are less extreme than other types of land use
change (e.g. forest plantation; Keenan et al., 2015) but the
moderate effects that we observed may have unknown
long-term consequences, including filtering out species with
certain traits.

Bird functional richness was not associated with forest
disturbance at any spatial scale, indicating the complexity of
this process: previous research has found that bird functional
diversity can increase (Sitters et al., 2016; Murray

Animal Conservation 28 (2025) 529-541 © 2024 Zoological Society of London.

et al., 2017) or decrease (Cosset & Edwards, 2017) with for-
est management, depending on the system. This inconsistent
association could be because individual traits are masking
each other’s effect. Our trait analyses showed that bird com-
munities in areas with high forest disturbance tend to have
species with similar body mass and wing length but they
also tend to have species with different diet preferences
(Fig. 4; Table 2). Interestingly, all these patterns were at
small spatial scales (300-m), potentially because their terri-
tories are often fixed during the breeding season (Krebs,
Ashcroft, & Webber, 1978). The morphological filtering pro-
moted by forest management could be a consequence of the
loss of uncommon species that are more functionally distinct
than common species (Seymour et al., 2015). For example,
the homogenization in body mass size and wing length could
mean the loss of small and large species (e.g. hummingbirds
and vultures) that contribute to different functions in the eco-
system, potentially degrading long-term ecosystem integrity
(Seymour et al., 2015). On the other hand, the increase in
diet variation may suggest that forest management promotes
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Table 1 Results of the functional diversity analyses. This table shows the top-ranked models of the models with all traits together using
functional richness (FRicsgs) and functional originality (FOri) as response variables. Linear mixed-effect models were used for birds and linear
models for mammals. Functional traits used for birds are body mass, diet, habitat breadth, wing length, foraging strata, and migration. For
mammials, traits included body mass, diet, habitat breadth, litter size, and activity. Only models within 2 AAICc from the top model are
shown. For the bird models, we used “site” as a random effect. Note that linear models used in the mammal dataset do not have a
hierarchical structure and thus only R? is reported. Bird data were collected from point count surveys conducted from 2013 to 2015 in 115
sites across Vermont, New Hampshire, and Maine, USA. Mammal data were collected from camera trap surveys conducted from 2017 to

2019 in 197 sites across Maine, USA

Group Response variable ~ Model K AAICc  AlCc weight R%*,  R%
Birds FRiCses Prop. conifer forest (300 m) 4 0.00 0.25 0.03 0.09
Prop. conifer forest (1 km) 4 0.23 0.22 0.04 0.13
Forest disturbance index (6 km) 4 1.48 0.12 0.02 0.05
Null 3 1.57 0.1
FOri Forest disturbance index (300 m) 4 0.00 0.22 0.03 0.14
Forest disturbance index (1 km) 4 0.14 0.21 0.03 0.13
Forest disturbance index (500 m) 4 0.95 0.14 0.02 0.12
Prop. conifer forest (6 km) 4 1.05 0.13 0.07 0.07
Null 3 1.55 0.10
Mammals FRiCsgs Forest disturbance index (1 km) + Prop. conifer forest (3 km) 4 0.00 0.49 0.09
Forest disturbance index (1 km) * Prop. conifer forest (3 km) 5 0.03 0.48 0.10
FOri Forest disturbance index (300 m) + Prop. conifer forest (3 km) 4 0.00 0.61 0.05

K= number of parameters, AAICc = Delta Akaike Information Criterion, AlCc weight = Akaike's cumulative weight, R?., = coefficient of varia-
tion attributed to fixed effects, R%; = coefficient of variation attributed to both fixed and random effects.

vegetation heterogeneity allowing species with different diets
to coexist (MacArthur, 1958). The mismatch between overall
and individual trait patterns has been observed in assem-
blages of plant species in the Neotropics and can be an indi-
cation of the low impact of forest management on the
functional structure of such communities (Carrefio-Rocabado
et al., 2012). In our case, different traits may respond differ-
ently to forest management, further corroborating the com-
plex effects of forestry practices on wildlife.

Unlike birds, mammal functional richness increased with
forest disturbance at a larger spatial scale (Fig. 3) likely due
to their larger home ranges, and the most influential trait in
this association was litter size (Fig. 4). In other words, in
areas with high forest disturbance, mammal communities
tend to have high interspecific variation in litter size, sug-
gesting a mixture of species with r vs. K life strategies, for
example snowshoe hare (Lepus americanus) representing r
and moose (Alces alces) representing K strategy. In our study
system, many mammalian species are associated with early
successional forests including coyote (Canis latrans), Canada
lynx (Lynx canadensis), snowshoe hare, and moose (Mortel-
liti, Brehm, & Evans, 2022). Notably these species are very
different from each other in terms of functional traits and
ecosystem functions, and this could increase functional rich-
ness in more disturbed habitats. Forest management often
increases vegetation heterogeneity and previous studies have
shown that species richness positively responds to vegetation
heterogeneity (Sukma et al., 2019; Szymaiiski et al., 2021).
Nonetheless, the increase in diversity due to anthropogenic
vegetation heterogeneity may not always be beneficial for
the ecosystem as it can also mean habitat degradation for
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more sensitive species (Hunter & Schmiegelow, 2011) espe-
cially those associated with old forests that disappear when
forests are logged before reaching full maturity. For example,
the extirpation of caribou (Rangifer tarandus) in this region
may be linked to the loss of old forests (Vors et al., 2007),
but overhunting also played a role. Therefore, these results
should be interpreted carefully.

Other important forest covariates related to disturbance
include forest composition and structure (Lindenmayer
et al., 2009; Hunter & Schmiegelow, 2011), which can mod-
ify habitat quality for many species (Flaspohler, Temple, &
Rosenfield, 2001). We tested the effect of variables such as
the proportion of conifer forest and the diversity of DBH on
the functional structure of bird and mammal communities,
and we found that the functional richness of mammals
increased with the proportion of conifer forest. For birds, the
proportion of conifer forest was in the top-model set with a
slightly positive effect, but the null model was among the
top models so the evidence for this relationship is weak.
Nonetheless, forestry practices that retain high proportions
spruce-fir trees may be an effective strategy to maintain spe-
cies with different traits, and thus the ecosystem functions,
while also promoting economic growth.

We acknowledge that our bird surveys did not cover some
mixed and deciduous forests that are common in the north-
eastern USA, limiting wide generalizations. However, we
elected to focus on conifer-specialist birds because there is
much concern about links between timber harvests and their
population declines in our study area (Ralston er al., 2015,
but see Rolek er al., 2021). Regarding data analysis, our
model residuals did not always fit a perfect normal

Animal Conservation 28 (2025) 529-541 © 2024 Zoological Society of London.
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in 197 sites across Maine, USA.

distribution, nevertheless, the models we used are relatively
robust to deviations from distribution assumptions since we
have independent points (Schielzeth er al., 2020; Knief &
Forstmeier, 2021). We also acknowledge that the effect size
of our models was not particularly strong, potentially
because we did not model the variation in detectability
among species which often relates to traits, and used
presence/absence data rather than abundance. However, this
moderate response of species traits corroborates past litera-
ture indicating that forest management is complex and
context-dependent (Barlow et al., 2007, Chaudhary
et al., 2016; Oettel & Lapin, 2021). Notably, forestry prac-
tices are deployed in a mosaic of patches that rarely cover
the entire landscape. Additionally, forest disturbance in this
region is significant, but they are not as extreme as those
resulting from forest plantations (e.g. oil palm or eucalyptus;
Keenan et al., 2015).

Animal Conservation 28 (2025) 529-541 © 2024 Zoological Society of London.

We showed that the functional traits of birds and mam-
mals are differently affected by forest disturbance, highlight-
ing the complexity of this process. Indeed, although forest
management for timber production has been a common prac-
tice in the majority of temperate and boreal forests (Canham,
Rogers, & Buchholz, 2013), our results indicate that making
global generalizations and predictions may be challenging as
this process is heavily dependent on the context and taxa
studied (Paillet er al., 2010; Chaudhary et al., 2016). For
example, different patterns may arise in tropical forests,
where timber production often consists of the plantation of
exotic species (Food and Agriculture Organization of the
United Nations, 2020). Our results advance the field by
showing that different traits have contrasting responses to
forest management, underscoring the importance of investi-
gating the effects of forestry on individual traits to develop
strategies for managing for ecosystem functions.
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Table 2 Results of the functional diversity analyses for individual traits. Functional traits used for birds are body mass, diet, habitat breadth,
wing length, foraging strata, and migration. For mammals, traits included body mass, diet, habitat breadth, litter size, and activity. Linear
mixed-effect models were used for birds and linear models for mammals. Only models within 2 AAICc from the top model are shown. For
the bird models, we used “site” as a random effect. Note that linear models used in the mammal dataset do not have a hierarchical
structure and thus only R? is reported. Bird data were collected from point count surveys conducted from 2013 to 2015 in 115 sites
across Vermont, New Hampshire, and Maine, USA. Mammal data were collected from camera trap surveys conducted from 2017 to 2019

in 197 sites across Maine, USA

Group Response variable Model K AAICc  AICc weight  R%, R,
Birds Body masssgs Forest disturbance index (300 m) 4 0.00 0.85 0.08 0.20
Wingses Forest disturbance index (300 m) 4 0.00 0.77 0.07 0.16
Dietsgs Forest disturbance index (500 m) 4 0.00 0.72 0.10 0.49
Foraging stratasgs Prop. conifer forest (1 km) 4 0.00 0.50 0.05 0.05
Habitat breadthsgs  Null 3 0.00 0.20
Migrationsgs Forest disturbance index (1 km) 4 0.00 0.14 0.01 0.03
Null 3 0.03 0.14
Mammals Body masssgs Prop. conifer forest (3 km) 3 0.00 0.50 0.04
Prop. conifer forest (6 km) 3 1.21 0.27 0.03
Litter sizesgs Forest disturbance index (3 km) + Prop. conifer forest (3km) 4 0.00 0.66 0.09
Forest disturbance index (3 km) x Prop. conifer forest (3 km) 5 1.81 0.27 0.09
Dietses Prop. conifer forest (6 km) 3 0.00 0.15 0.005
Null 2 0.12 0.15
Habitat breadthsgs  Forest disturbance index (300 m) 3 0.00 0.26 0.01
Forest disturbance index (500 m) 3 1.16 0.15 0.008
Prop. conifer forest (500 m) 3 1.49 0.12 0.007
Null 2 1.87 0.10
Activitysgs Forest disturbance index (300 m) 3 0.00 0.27 0.01
Forest disturbance index (500 m) 3 1.38 0.13 0.006
Null 2 1.64 0.12

K= number of parameters, AAICc = Delta Akaike Information Criterion, AlCc weight = Akaike's cumulative weight, Rzm = coefficient of varia-
tion attributed to fixed effects, R%; = coefficient of variation attributed to both fixed and random effects.
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mammal (n = 197) communities.
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Figure S8. Residual plots for the bird top-ranked models
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