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ABSTRACT
Constructing heterogeneous habitats that hold a diverse array of species in space is a
common strategy of wildlife conservation and management to improve the biodiversity of an
area. The habitat heterogeneity hypothesis proposes that diverse habitats promote an increase in
species diversity. A lack of beaver activity and timber harvesting in southern New England has
led to the structural homogenization of the tree canopy in forested wetlands, resulting in
wetlands that now contain later successional and larger trees. We used cameras to monitor the
diel activity patterns of mammals across three wetland study sites to observe how community
composition changes between felled (the removal of large trees from an area) and control
wetlands. We found few changes in mammal composition between treatments, with the
exception of the Eastern chipmunk (Tamias striatus), which was detected only in control
wetlands. Diel activity patterns changed most notably in the browser species, white-tailed deer
(Odocoileus virginianus) and cottontails (Sylvilagus spp), for which we found an increase in
nightly activity in harvested wetland sites.

INTRODUCTION
Habitat heterogeneity is a primary focus in creating landscapes that are biologically and
functionally diverse. The habitat heterogeneity hypothesis predicts that structurally complex
habitats provide more niche space available to a wider array of species than homogenous habitats
(MacArthur and MacArthur 1961). Historically, natural process (i.e., keystone species,
ecological disturbances, and variations in the landscape) have maintained environmental habitat
heterogeneity (Knapp et al. 1999, Beal-Neves et al. 2020). However, humans have reconstructed
many landscapes to discourage the disturbance processes that naturally restart succession and

promote diverse forest structures. For example, humans suppress fires that open forests, redirect
floods that nourish soils, and remove wildlife, such as beavers, that may reshape landscapes in
ways that are undesirable to people.
Windstorms, beaver activity, and timber harvesting act to remove aspects of the forest
canopy to restart understory growth within forested wetlands of North America. Collectively,
these activities promote habitat heterogeneity and species diversity (Anderson et al. 2006, Hood
and Larson 2014, Pollock et al. 1995, Willby et al. 2018). However, the current population of
beavers in North America represents only a fraction of what their historical numbers were. An
animal that was estimated to have a population size between 40-600 million individuals was
eradicated from much of southern Canada and the United States (Seton 1929, Jenkins and
Bushner 1979). In addition to a low abundance of beavers, New England has experienced
reduced levels of timber harvest since the 1800s (Jeon et al. 2014, Kelty et al. 2003). These
factors together have allowed forested wetlands in the region to grow large sized trees with a tree
canopy that is homogenous with the forest canopy in the uplands surrounding the wetlands
(Naiman et al. 1988, Green and Duguid 2020).
Understanding how wildlife responds to both natural and anthropogenic changes in habitat
structure is necessary to inform management actions (Hamer et al. 2003, Stirnemann et al. 2015,
Tews et al. 2004). Studies often focus on how wildlife responds to changes in environmental
structure in space, but an appreciation for how wildlife activity changes on a temporal scale is
equally important (O’Connor and Rittenhouse 2017). Diel activity patterns, the activity patterns
an animal exhibits throughout the day, are the result of the complex interactions between
environmental and species interactions in an area (Hertel et al. 2017). Analyses of diel activity
patterns have been used to monitor predator-prey interactions (Foster et al. 2013, Bosiger and

McCormick 2014, Monterroso et al. 2013), shifts in seasonal activity patterns (Pipia et al. 2008,
Pagon et al. 2013), responses to anthropogenic disturbances (Gaynor et al. 2018), and how
species respond to changes in habitat structure (Fontúrbel et al. 2021).
Common methods for studying temporal patterns of wildlife include radio telemetry
(Hiscock et al. 2002, Roth and Huber 1986) and direct observational studies (Speakman et al.
2000). More recently, researchers have adopted cameras (trail cameras) as a noninvasive method
for monitoring wildlife. Cameras are cost-effective, noninvasive, and can allow a researcher to
efficiently monitor populations over large spatial scales and over long periods of time
(McCallum 2013).
The goal of our research is to enhance our understanding of how large trees within forested
wetlands affect the wildlife that uses these habitats. Our objective is to evaluate whether tree
felling within wetlands changes the community of mammals that use the wetland. Our second
objective is to test whether the diel activity patterns of those animals are affected in response to
tree felling. For species that regularly use wetlands, the final objective is to quantify how
mammalian activity changes seasonally. Thus far, few studies have looked at how habitat
heterogeneity affects community composition and activity patterns of mammals in wetlands.
While best management practices for forestry that exclude timber harvesting have been
successful for the conservation of wetlands, this project will inform whether or not best
management practices should be reconsidered to address the current, novel condition of large
trees in forested wetlands. This study will help gauge the importance of forest canopy openings
over wetlands in determining which wildlife species use forested wetlands as habitat.

METHODS
To complete our objectives, we experimentally felled trees within forested wetlands and
tracked mammal activity using cameras within these wetlands and additional wetlands that serve
as controls. Sampling took place from November 2018 – August 2020 within three study sites in
Storrs, Connecticut: referred to as (1) Lowell Tract, (2) Spring Hill, and (3) Lee Farm. Each
study site contained a control wetland and harvested wetland for a total of three control and three
harvested plots (Figure 1). Distance between harvested wetlands and paired control wetlands
ranged from 121 – 2092 m (mean = 798 m).
We selected all wetland sites based on the presence of standing water, plants characteristic of
wetlands (i.e., skunk cabbage, (Symplocarpus foetidus)), and trees with a diameter at breast
height (DBH) greater than 25 centimeters. Harvest wetland locations were further restricted to
properties that allow tree felling. All but one study site was located within the property of the
University of Connecticut, the control site within the Lowell Tract was located on private
property.
The UConn Forest Crew felled trees greater than 10 centimeters in diameter during winter
frozen conditions in February 2019 to minimize disturbance to wetland soils and hydrology. The
felled trees represented a natural disturbance event, such as wind throw or beaver activity and not
a commercial harvest, and thus trees were left lying within the wetlands (Table 1). The mean
treatment size was 0.12 acres (σ = 0.021).
We placed a three-camera array within each of the control and treatment wetlands to improve
our probability of detecting wildlife in each wetland (O’Connor et al 2017). Each camera was set
on a tree at knee height (about 50 cm high) off the ground in an area that was free of plant
material that would hinder camera function. We positioned the first camera at the southern edge

of the patch cut and facing north to avoid glare from the sun. The second and third cameras were
placed 20-30 meters from the first and slightly outside the edge of the treatment area. We placed
the western camera approximately 315 degrees north of the southern camera and the eastern
camera at approximately 45 degrees north of the southern camera. We placed cameras in the
control wetlands similarly to those in the harvested wetlands, where each camera was positioned
20-30 meters from their neighboring cameras. We set the Image Size on each camera to 5M
pixel, the Capture Number to three photos, the LED Control to medium, the Interval to 10
seconds, and the Sensor Level to low. We kept Field Scan off, as we only wanted the camera to
be triggered by movement.
We checked cameras at the beginning of each month. We cataloged and processed the
images in the CPW Photo Warehouse, a Microsoft Access application created by Colorado Parks
and Wildlife (Newkirk 2016). All animals detected were identified to species when possible,
avian species were also classified into orders. Here, we consider bobcat (Lynx rufus), cottontails
(Sylvilagus spp.), coyote (Canis latrans), grey fox (Urocyon cinereoargenteus), red fox (Vulpes
vulpes), Virginia opossum (Didelphis virginiana), and white-tailed deer (Odocoileus virginianus)
to be mammals. If multiple animals of a species were present in a single image, we classified
each animal individually. We defined a detection event as the observation of a single species
within a 30-minute period within a control or treatment wetland, where the wetland includes all 3
cameras, to ensure that detections would be independent of one another (Ridout and Linke 2009).
I used the Activity Query Builder function of CPW Photo Warehouse to export time fields in
radians for activity pattern analysis of each species with a 30-minute quiet period. I analyzed this
data using the R package ‘overlap’ to fit kernel density functions to the temporal activity data of
each species (Meredith and Ridout 2006). I compared activity patterns between control and

harvested wetlands for all species with more than 20 detection events over a given study period. I
used the ‘overlapEst’ function, type = “Dhat1” to estimate the coefficient of overlap between
treatment types for each species with less than 50 detections in a given time period or treatment
type (Eq. 1), and type = “Dhat4” to estimate the coefficient of overlap when we collected over 75
detections for a treatment and time period (Eq. 2) (Schmid and Schmidt 2006, Ridout and Linke
2009, Foster et al. 2013).
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In addition to calculating the coefficient of overlap, we plotted each activity pattern density plot
to detect differences in species activities between control and harvest wetland sites. We analyzed
activity pattern data incrementally throughout the study period for species with over 20
detections over the study periods, starting with February 2019. We split the white-tailed deer
analysis into winter (February-March 2019 & January-March 2020), fawning (April-June 2019
& 2020), summer (July-September 2019), and rut (October-December 2019) (Figure 3).
RESULTS
We collected 19,276 images of wildlife with time stamps at the three study sites from
February 2019 to August 2020. We summarized images into 2,601 biologically independent
detections of 22 species or taxa-groups. The top species detected were: (1) white-tailed deer, (2)
gray squirrel, (3) raccoon, and (4) turkey, and (5) coyote (Table 2). The species with the greatest

number of detections in harvested wetlands was white-tailed deer; whereas, the species with the
greatest number of detections in control wetlands was gray squirrel. Most mammal detections
(approximately 58%) occurred within control wetland. Over 60 percent of gray squirrel,
cottontail, opossum, and raccoon detections, as well as all chipmunk detections, occurred in
control wetlands. We detected all orders of birds more frequently on control wetlands in
comparison to harvested wetlands – 84.5 percent of all avian detections were within control
wetlands and 95.78 percent of passerine detections were in control wetlands. In contrast, 55.7
percent of white-tail deer detections took place in the harvested wetlands.
The overlapping activity density plots (daily activity curves) for wildlife in control and
harvested wetlands can be seen in Figures 2 and 3. When comparing activity density plots within
a species, the coefficient of overlap (Dhat) between control and harvested wetlands were 0.689
for bobcats, 0.714 for coyotes, 0.775 for white-tailed deer, 0.760 for cottontails, 0.865 for grey
squirrels, and 0.0876 for raccoons. Browsers, white-tailed deer and cottontails, showed an
increase in nightly activity in harvested wetlands compared to control wetlands (Figure 3).
White-tailed deer was the only species with enough information to analyze activity patterns over
approximately 3-month spans throughout the study period. The coefficient of overlap estimates
for deer remained relatively consistent for the first three time periods (February 2019-September
2019) and decreased in the subsequent three time periods (October 2019-June 2020). The activity
density plots for each time period can be seen in Figure 4. Dhat values of overlap for deer
activity density plots in the control and harvested wetlands were: 0.801 for February-March
2019, 0.780 for April-June 2019, 0.783 for July-September 2019, 0.590 for October-December
2019, 0.563 for January-March 2020, and 0.647 for April-June 2020 (Figure 4).

DISCUSSION
Creating heterogeneous habitats is one management strategy for sustaining a diverse array of
species within an ecosystem. Thus, active habitat manipulations are a central component of
managing wildlife population. Although habitat heterogeneity often correlates with the species
composition of an area, creating heterogeneous habitats does not always increase biodiversity
(Douda et al. 2012). Here, we found relatively little change in mammalian community
composition between the harvested and control wetlands. Most mammals were found within both
habitat types. The one exception was the Eastern chipmunk, (Tamias striatus), which was only
found in control wetlands. Furthermore, we detected avian species more frequently in control
wetlands. Mammalian species regularly detected within the wetlands include bobcats, cottontails,
coyotes, gray squirrels, raccoons, and white-tailed deer, and thus we discuss the daily activities
patterns of these species.
We found that browsers use harvested wetland sites over longer periods of time throughout
the day compared to control wetlands. For example, cottontails are known to be primarily
crepuscular (O’Connor and Rittenhouse 2017, Mech et al. 1966) and our activity curves depict a
lack of activity during daylight hours in both the control and harvested wetlands. However, the
activity curves of cottontails within the harvested wetlands show increased activity throughout
the night (Figure 3). We did not have enough data to split cottontail diel activity patterns into
more than one study period. White-tailed deer, the other common herbivore in this study, also
responded to the tree felling. Deer showed primarily crepuscular activity in control wetlands,
with most activity occurring at dawn and dusk. However, deer activity in harvested wetlands
became more uniform throughout the 24 hr day, with more activity during the night compared to
control wetlands (Figure 3). When we separated the data into six time periods from February

2019 to June 2020, we found that the deer showed a tendency for nightly activity each winter and
the second growing season after the initial harvest (i.e., from February – March 2019 and from
October 2019 – June 2020) (Figure 4). Herbivores may be responding to the food resources that
become available when a treetop is on the ground (after the initial felling), as well as the
increased understory vegetation that grows over time once the wetland canopy was opened and
more sunlight could reach the ground. In addition, these treetops may provide increased cover
from predators and the increased nightly activity from herbivores may be in response to available
cover that reduces predation risk when actively moving.
We found that the daily activity patterns of nocturnal mammals (Virginia opossum and
raccoon) did not differ between control and harvested wetlands. Virginia opossum and racoons
are both habitat generalists that have omnivorous diets (Gardner 1982, Daniels et al. 2019). As a
result, these species may not be greatly influenced by harvesting in wetlands because they can
exploit many habitats within landscapes. Our results indicated that the predators studied (i.e.,
bobcats and coyotes) had small shifts in daily activity patterns. We found that bobcats were least
active from 1300 to 1600 h in the control wetlands, which aligns with previous work on their
activity patterns (Elizalde-Arellano et al. 2012). However, 1300 to 1600 h was their most active
time period in the harvested wetlands. The unexpected shift in bobcat daily activity patterns may
be due to a small sample size (n = 21 detections for both control and harvested wetlands), where
the movements of individual animals may have a greater impact on the kernel density activity
plots and increase error (Lashley et al. 2018).
Eastern chipmucks were not detected in the harvested wetlands. One explanation is that these
animals prefer habitats with an open-understory and closed-overstory (Bowers 1995), the
opposite of the plant structure composition in our harvested wetlands. Alternatively, this species

is typically tied to conifer stands and not all of our wetlands contain conifers (Maser et al. 1978).
Additional sampling of a wider array of wetlands is needed to confirm if this pattern holds.
Best management practices for forestry have long recommended that no harvest occurs
within wetlands. These recommendations have contributed to the conservation of wetlands, with
notable improvements to water quality in the United States and many wetland obligate species.
For the mammalian species in this study, the two species with the largest response to tree felling
are also two very common species (i.e., white-tailed deer and cottontails). Researchers
conducting future studies on the effects of removing forest canopy structure in wetlands would
benefit from increasing the scope of the study, both in length and in study species. Ongoing
research will address species other than those in this study, such as bats (Wright 2020),
amphibians, and aquatic insects, at these same wetlands. More so, our study did not analyze how
wildlife use differs between control and harvested wetlands before treatment took place. An
understanding of what animals were present at a site, and how those animals used a site, before
treatment would allow us to investigate how removing the canopy in an area influences species
activity patterns before and after a disturbance. Future studies may also benefit from looking at
how wildlife activity compares in established canopy openings in wetlands, such as within areas
that have beavers present. Beaver presence suppresses forest regeneration for longer periods of
time than a single harvest event and may have a different impact on community composition and
daily activity patterns compared to our felling treatments.
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TABLES AND FIGURES
Table 1. Summary of harvest information for each treatment site.
Spring Hill Treatment
Number of trees
felled
Mean DBH
(inches) of felled
trees

Lowell Tract Treatment

Lee Farm Treatment

33

32

27

8.2

7.9

8.5

Standard deviation
of DBH of felled
trees

2.54

3.05

2.33

Treatment size
(acres)

0.1

0.12

0.15

Table 2. Summary of image counts and detections for wildlife captured on trail cameras.

Mammals

Avian

Number of Images
Species
Anseriformes
Columbiformes
Galliformes
Passeriformes
Piciformes
Strigiformes
Bobcat
Cat
Chipmunk
Coyote
Dog
Fisher
Gray squirrel
Grey fox
Cottontail
Opossum
Raccoon
Red fox
Red squirrel
Skunk
White-tailed deer
Other small mammal

Detections

Control
6

Harvested
0

Control
2

Harvested
0

9

3

2

1

949
584
27
0
78
0
121
244
21
8
1633
3
356
228
991
1
0
3
3863
133

478
19
0
6
104
3
0
243
12
10
837
0
101
72
561
5
9
0
7548
5

91
159
8
0
21
0
34
57
2
3
443
1
66
63
198
1
0
1
388
51

37
7
0
3
21
1
0
59
4
1
222
0
25
20
114
2
3
0
488
2

Figure 1. Wetland sites used in this study, where each study site (n = 3) contained one harvested
wetland and one control wetland. This figure was previously published in Wright (2020).

Figure 2. Kernel density plots of bobcat, coyote, racoon, and gray squirrel activity in control and
harvested wetlands from February 2019 to the end of the study (July 2020 or August 2020
depending on the species).

Figure 3. Kernel density activity plots of browsers (white-tailed deer and cottontails) from
February 2019 to the end of the study.

Figure 4. White-tailed deer kernel density activity plots across multiple time periods from when
wetlands were felled in February 2019.

