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The wood turtle (Glyptemys insculpta) is a freshwater, semi-aquatic species that 
has been experiencing widespread population decline. They are listed as a species of 
concern in all states and provinces in which they are found. The cause of these declines is 
primarily due to anthropogenic threats, such as illegal collection from the wild, habitat 
fragmentation, and mortality from agricultural machinery.  

The habitat use and space use of wood turtles has been studied across their range, 
but data-deficient areas of northern New England could be critical to conserving this 
species into the future. Two populations of wood turtles in northeastern Vermont and 
western Maine were discovered in 2018 on large tracts of remote, conserved land. These 
populations could be critical to the conservation of wood turtles in the northeast. The 
movement and fine-scale habitat selection of these two wood turtle populations was 
analyzed to inform management strategies that help sustain these wood turtle populations. 
This research also provides baseline data for populations located in relatively 
unfragmented habitat. 

Thirty-four wood turtles were fitted with VHF radio transmitters and 30 with GPS 
tags. The turtles were tracked via VHF radio telemetry from May-September in 2019 and 
2020. The GPS tags were programmed to take a series of locations every day during the 
active season from June-September. These spatial data were analyzed to estimate home 
range size using both the 95% MCP and AKDE methods. These estimates were tested for 
differences between study areas, sexes, and estimation methods using a t-test. Using a 
linear mixed-effects model, comparisons were made to test for differences between sexes 
and study areas for both the distance moved and distance from the river.  

The females at the Maine study site had larger home ranges than the males. The 
males at the Vermont study area had larger home ranges than the females. The turtles in 
Maine had larger home ranges than the turtles in Vermont.  
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In general, males tended to stay close to the river, or in the river. Females moved 
perpendicularly away from the river more often than males. Results from the mixed-
effects model showed marginally significant differences with males staying closer to the 
river than females. Females made the longest movements during the course of the study. 
The furthest recorded distance from the river was 786 m from a VHF location on a 
female. The furthest distance from the river recorded with a GPS tag was 520 m from a 
female. The GPS data captured large overnight movements greater than 500 m by 
females moving between nest beaches. Both male and female turtles were recaptured at 
locations over 3000 m apart during a single season. The mixed-effects model showed that 
on average, males made significantly longer movements than females despite the females 
having larger movements during the nesting season. 

In 2019 habitat data were collected at used and paired random plots to analyze 
fine-scale habitat selection by wood turtles. A generalized linear mixed-effects model 
was used to analyze third-order habitat selection. The predictor variables tested in the 
models included different classes of vegetation cover, overstory density, sun exposure, 
distance to moving water, total food presence, number of stems, and mean DBH of trees. 
Model-averaged parameter estimates indicated that the mean DBH of trees and forb and 
herbaceous vegetation cover had a strong negative effect on turtle habitat selection, 
meaning higher mean DBH and greater cover of forb and herbaceous vegetation was less 
favorable. Shrub cover had a marginally significant positive effect. Tree cover and 
number of stems were explored further after removing variables with multicollinearity. 
Tree cover had a significant negative effect on habitat selection. Greater mean DBH and 
number of stems had a significant negative influence on habitat selection, and woody 
debris had a marginally significant positive effect. 

The majority of turtles utilized the floodplain, riparian, and river cover types. 
Other cover types used were wetland, vernal pool, forests, roads, and clear-cuts. Wood 
turtles choose areas with open canopy likely to meet thermoregulatory needs, and 
complex vegetative structure like shrubs and woody debris most likely because they 
foster a variety of food sources. 

The results from this research can be used to inform management, and are an 
initial look at the relationship between wood turtles and timber management. 
Management recommendations are given based on the results from the movement and 
habitat data, such as restricting harvest to the winter months, seasonal road closures, and 
future research on the impact of timber harvests on wood turtle populations.  
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CHAPTER 1:  STATUS, THREATS, AND DATA NEEDS OF TWO NORTHERN 

POPULATIONS OF WOOD TURTLES 

 
Proper management is critical for animals that are endangered, threatened, or at 

risk of becoming threatened and sound research on the ecology of a species is necessary 
for effective wildlife management. If wildlife managers do not have adequate knowledge 
about the habitat requirements or how individuals utilize the landscape, then they could 
initiate actions that do not benefit a species or inadvertently have a negative impact on 
the species.  

The North American wood turtle (Glyptemys insculpta) is a semi-aquatic, 
freshwater species, and is one of many turtle species experiencing widespread population 
decline throughout their geographic range (Daigle and Jutras 2005, Saumure et al. 2006, 
Cochrane et al. 2018). There are only three species of turtles found in the “Northwoods” 
region of Maine and Vermont; painted (Chrysemys picta), snapping (Chelydra 
serpentina), and wood turtle, the latter being by far the least common. Wood turtles are 
categorized as endangered by the International Union for Conservation of Nature (IUCN; 
van Dijk and Harding 2011). Their geographic range includes 13 states from Maine south 
to Virginia and 4 states in the Midwest, including Michigan, Wisconsin, Iowa, and 
Minnesota. They are also found in four provinces of Canada from Ontario east to Nova 
Scotia (Figure 1.1; Ernst et al. 1994, Jones et al. 2018). Evidence of decline has led to all 
states and provinces listing the wood turtle at some level of conservation concern, 
including the two states in which this thesis research is focused; Maine and Vermont 
(Jones et al. 2018). The Maine Department of Inland Fisheries and Wildlife (2015) 
compiled a list of species of greatest conservation need (SGCN) and lists the wood turtle 
as a special concern species. The wood turtle moved from SGCN priority Tier 2 in 2005, 
to priority Tier 1 (highest priority) in 2015. The Vermont Fish and Game Department 
also lists the wood turtle as a highest priority species of greatest conservation need 
(Vermont Fish and Game Dept. 2015).   

In 2012, the Center for Biological Diversity petitioned the U.S. Fish and Wildlife 
Service (USFWS) to federally review 53 different reptile and amphibian species, 
including the wood turtle, for listing as either Threatened or Endangered under the 
Endangered Species Act of 1973. Comprehensive reports on the conservation of wood 
turtles have pointed out the necessity of empirical data collection at key conservation 
sites to inform prioritization of management actions and a federal listing designation for 
wood turtles (Jones and Willey 2015).  

Conserved lands may be critically important for wood turtle persistence and 
recovery because these can be managed and the areas inhabited by these turtles can be 
protected. Northern New England is less developed compared to some of the southern 
areas in the wood turtle range (e.g. Massachusetts, New Jersey, or Maryland). In 2018, 
two large tracts of conserved land were surveyed for wood turtles; one in Vermont and 
one in Maine. Wood turtles were found at both of these study areas, providing two key 
sites to monitor and protect wood turtles (USFWS, unpublished data). Understanding 
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varying stages of an organism’s life-history is necessary for effective conservation and 
management, and is the focus of this thesis. 
 
Natural history 
 

Wood turtles inhabit low elevation streams and rivers that have sand, gravel, 
cobble, or rock substrate (Harding and Bloomer 1979, Ernst et al. 1994). They are 
omnivorous and will forage on items such as, berries, vegetation, invertebrates, egg 
masses, mushrooms, and carrion (Compton et al. 2002, Walde et al. 2003, McCoard et al. 
2018). A wood turtle’s annual activity can be separated into 5 different periods of 
behavior: emergence, nesting, post-nesting, pre-hibernation, and hibernation (Kaufman 
1992, Arvisais et al. 2002).  

Emergence occurs in the spring when the turtles begin to leave their winter 
hibernacula, exiting the streams to bask or forage during the warmer day-time 
temperatures. Emergence occurs from March-May depending on the climate at any 
particular location. Turtles located in the southern latitudes of their range emerge earlier 
than those at northern latitudes, reflecting the onset of warmer spring weather. For 
example, in the eastern panhandle of West Virginia, turtles begin emerging as early as 
March 12 (McCoard et al. 2018). Kaufman (1992) observed active wood turtles in 
Pennsylvania during late-March. Turtles in New Jersey and Vermont emerged during 
April, and at the most northern reaches of their range in Quebec, turtles emerged during 
the beginning of May (Harding and Bloomer 1979, Arvisais et al. 2002, Parren 2013). 
The emergence season at the Maine and Vermont study sites generally begins at the very 
end of April (personal observation).  

Nesting season occurs primarily during the month of June across their range, but 
has been documented at the very end of May in some locations (Compton 1999, Parren 
2013, McCoard et al. 2018). At the Maine and Vermont study locations, nesting has been 
documented from mid- to late-June (USFWS, unpublished data), which is similar to other 
observations at northern latitudes within their range (Arvisais et al. 2002). Post-nesting 
season generally occurs from July-August and is the time when wood turtles are the most 
terrestrial.  

Pre-hibernation begins when the turtles return to the river as temperatures begin to 
fall again, which is generally from mid-September in northern populations (Arvisais et al. 
2002), and October in more southern populations (McCoard et al. 2018). The last season 
is hibernation (also referred to as “brumation” in reptiles), which is when wood turtles 
spend the winter months under water at the bottom of a river, tucked under a bank, or 
next to submerged logs. During this time they are generally inactive and do not move. In 
West Virginia this is documented to occur in early-November (McCoard et al. 2018). 
Northern populations in Quebec and Vermont enter brumation by the start of November 
(Arvisais et al. 2002, Parren 2013), which is similar to observations made at our Maine 
and Vermont study locations (personal observation).  
 
Demography 
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Adult wood turtles reach sexual maturity at 12-15 years of age, and females can 
lay between 5-18 eggs annually (average 8-11; Walde et al. 2007). Predation primarily 
affects the juvenile cohort, especially hatchlings, which are easily consumed due to their 
small size and softer shells. Although hatchling and juvenile turtles are depredated more 
than adults, it is the loss of the adults (especially females) that contributes to the decline 
of a population (Heppell 1998, Jones 2009). Wood turtles do not exhibit reproductive 
senescence, and population-level reproductive output is dependent on mature adults 
(Congdon et al. 2001, Jones 2009). The delayed maturity, small clutch size, and high 
predation of hatchlings is naturally offset by their long life span and reproductive 
longevity. The anthropogenic threats described next primarily cause mortality in adult 
wood turtles, which leads to the decline of populations. Mitigating these threats is critical. 

 
Threats 

 
The threats contributing to the decline of wood turtle populations across their 

range are largely anthropogenic, including habitat loss, habitat fragmentation, illegal 
collection, mortality from agricultural machinery, and road mortality. Natural causes of 
mortality include predation and disease.  

Habitat loss and fragmentation is the biggest threat affecting this species (Harding 
and Bloomer 1979, Kaufman 1992, Walde et al. 2003), and is the most difficult to 
prevent or mitigate. Road mortality is a threat to many species of terrestrial turtles 
(Ashley and Robinson 1996), and is suspected to be a major contributor to mortality to 
wood turtles in highly developed areas. Populations of turtles in urbanized areas of 
Pennsylvania, New Jersey, and New York have been nearly extirpated due to 
development and subsequent road mortality (Harding and Bloomer 1979). Wood turtles 
utilize early successional habitat and fields that are created by agricultural development 
because of the food availability and thermoregulatory properties (greater sunlight) that 
they provide. Although this is enticing wood turtle habitat, agricultural activities, such as 
mowing, are primary causes of mortality in wood turtles (Saumure and Bider 1998, 
Saumure et al. 2006) and thus ecological traps.  

Illegal collection of wild turtles has become a major concern for wood turtles, as 
well as many other species of freshwater turtles (Harding and Bloomer 1979, Ceballos 
and Fitzgerald 2004, Jones and Willey 2015). Due to the illegal collection, the wood 
turtle has been placed on the CITES list (Convention on the International Trade of 
Endangered Species of wild fauna and flora). In Connecticut, two populations of wood 
turtles that had been stable for multiple years were extirpated, and the declines 
corresponded to opening the area for human recreation (Garber and Burger 1995). While 
there was no direct evidence of causation, illegal collection or disturbance from high 
human presence could have contributed to the declines of those populations of wood 
turtles. Collection of wood turtles from the wild has been documented in many states, 
including Maine and Vermont, and the primary reason for the collection is the illegal sale 
of individuals as pets (Ceballos and Fitzgerald 2004, Jones and Willey 2015).  
 
Research Objectives 
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This thesis research aims to better understand wood turtle populations in the 
Northwoods region of Maine and Vermont. The USFWS is interested in implementing 
strategies to increase or sustain populations of wood turtles at two study areas that are 
minimally inhibited by human presence and anthropogenic threats. The two study sites 
are located in large areas of remote, conserved land in a relatively unfragmented 
landscape. The sections of river included in this study have characteristics of high-quality 
wood turtle habitat (study sites are described in more detail below). There is no 
agricultural land immediately surrounding these areas, which removes the risk of 
mortality from agricultural machinery. Instead, much of the land surrounding the rivers is 
harvested for timber by private landowners, timber companies, and the federal 
government. Any turtles that disperse into these areas are at risk of being run over by 
logging machinery during the summer. Illegal collection of turtles is unlikely to be a 
major threat in this area, but is not out of the realm of possibility. Predation or road 
mortality is a higher concern at these sites. Despite the relatively unfragmented habitat, 
the number of turtles that have been found at the Vermont study site is lower than what 
biologists expect the site is capable of supporting (USFWS biologists, pers. comm.). A 
better understanding of the habitat use and spatial distribution of wood turtles is needed 
before any management can take place (USFWS biologists, pers. comm.).  

Tracking the movements of wildlife is a method that aids in understanding habitat 
use, but also allows researchers to determine travel corridors, home range, and dispersal, 
which are all important for making decisions about land protection and habitat 
restoration. Very high frequency (VHF) radio telemetry has been widely used to track 
many taxa, including freshwater turtles. More recently, the implementation of global 
positioning system (GPS) enabled tags have been used to remotely track species. One of 
the limiting characteristics of these two types of tags is their battery life, which is 
dependent on the battery size. Historically, a large battery was needed to power 
transmitters; thus, use was restricted to large vertebrates, such as larger sized carnivores 
or ungulates (Recio et al. 2011). Due to their larger size, sea turtles have been tracked for 
many years with satellite enabled GPS tags (Godley et al. 2008). As technology has 
progressed, tags small enough to be used on riverine turtles have been developed. These 
smaller tags have greatly expanded their use in wildlife research and allowed researchers 
to document locations and movements collecting relocations on hard to detect species 
like the wood turtle.  

Using spatial data from both VHF radio telemetry and GPS tags, I estimated wood 
turtle home range size and documented significant habitat use areas. I also analyzed fine-
scale habitat use to help inform the prioritization of conservation areas for this species. 
The data also provide insight into mortality risk. This research in a data-deficient region 
of the wood turtle’s range can act as baseline for future research. Published research on 
wood turtles from these parts of Maine and Vermont is limited, and understanding the 
ecology these populations at the local scale is valuable, as pointed out earlier by Jones 
and Willey (2015) and Jones et al. (2018). The study populations are located near the 
northern extent of wood turtles’ geographic range and it is likely that as the climate in the 
Northeast shifts, the wood turtle range may expand northward, higher latitude rivers may 
become suitable for nesting, and these study populations may become increasingly 
important for conservation (Mothes et al. 2020).  
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Study sites 

There are two study sites, one in Oxford County, Maine and the other in Essex 
County, Vermont. Specific locations and detailed maps are being withheld from this 
thesis due to the sensitivity of the data. This region experiences warm summers and cold 
winters with high amounts of rain and snowfall (Davis et al. 2013). The study sites 
surround a total of 17 km between four separate small to medium sized (3-10 m width) 
rivers that have been determined to have high quality wood turtle habitat. All distance 
and elevation measurements were calculated using ArcMap 10.7.1 (Esri 2019). The rivers 
have sand, gravel and cobble substrate. The flow ranges from slow to medium swiftness. 
The surface of the rivers freezes with sections that open up during mid-winter thaws, but 
the surface remains frozen for the majority of the winter. Elevated sandy point bars have 
been deposited along the river, and steep cut-banks characterize the opposing shore 
providing ideal habitat for nesting and basking wood turtles (Hughes et al. 2009). 
 
Maine 

Deep pools are distributed along the rivers, which could be used as hibernacula. 
The riparian edge is dominated by speckled alder thickets (Alnus incana), red-osier 
dogwood (Cornus sericea), ferns, grasses, meadowsweet (Spiraea alba) and false 
hellebore (Veratrum viride). There is a high presence of beaked hazelnut (Corylus 
cornuta) in the riparian zone and floodplain along one of the rivers at the Maine study 
site. The primarily mixedwood floodplain is comprised mostly of red maple (Acer 
rubrum), large yellow birch (Betula alleghaniensis), and balsam fir (Abies balsamia). The 
floodplain extends approximately 200-300m away from the river on either side. Beyond 
the floodplain, the landscape is a mosaic of alder swales, Northern white cedar (Thuja 
occidentalis) and black spruce (Picea mariana) wetlands, graminoid marshes, upland 
mixedwood and coniferous forest, and areas of early-successional growth due to timber 
clear-cuts. There are many vernal pools scattered throughout the floodplain, and also 
beaver (Castor canadensis) activity along the rivers. One of the rivers within the Maine 
study area is approximately 230 m from a gravel road that gets used for hunting, camp 
access, and logging. The other river within the Maine study area, which is where the 
majority of turtles were found, is located further away from the road (>1000 m). The 
nearest paved road is over 2000 m away from both sampling areas. Elevation of the site 
ranges approximately from 360-400 m.  
 
Vermont 

The riparian zone along the rivers in this study area are primarily composed of 
alder, ferns, grasses, brambles, meadowsweet, and false hellebore. There is a stronger 
presence of highbush cranberry (Viburnum trilobum), willow, and hawthorn at the 
Vermont study site, which is not notable at the Maine study site. Black cherry (Prunus 
serotina) is also present along the river, and the tree species found in the floodplain are 
primarily comprised of maples, birches, and black cherry. The floodplain extends 
approximately 50-150 m away from the rivers before it transitions to forest with a high 
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spruce and balsam fir component. There are fewer vernal pools and wetlands in the 
immediately surrounding area compared to the Maine study site, but there are more peat 
bogs with black spruce and tamarack (Larix laricina) present around the river system. 
There is some beaver activity along the river. One of the study rivers crosses under a 
private gravel road and the other segments of river are approximately 450-500 m from 
gravel roads used for hunting, camp access, and logging. One of the rivers is 
approximately 720 m from a paved state highway that has more frequent traffic, and the 
other river is approximately 200-350 m from that same paved road. Elevation of the site 
ranges approximately from 300-360 m.  
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FIGURES: 
 

 

Figure 1.1: A map depicting the geographic range of the wood turtle (Glyptemys 
insculpta) in North America (Jones et al. 2018). 
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CHAPTER 2: MOVEMENT AND HOME RANGE OF WOOD TURTLES IN 
MAINE AND VERMONT USING GPS TAGS AND RADIO TELEMETRY 

 
Introduction: 

 
Space use data provide insight into preferred habitats, key abiotic factors that 

affect species, and inter- or intra-specific relationships among organisms (Andreassen et 
al. 1993) and can be used to inform conservation and management decisions. Individuals 
and populations may exhibit site-specific behaviors in response to variation in 
geomorphology, climate, food resources, and habitat characteristics between landscapes 
(McLoughlin and Ferguson 2000). The movement patterns and home ranges of wood 
turtles are not uniform throughout their range (Jones and Willey 2015). Tracking the 
space use of wood turtles is necessary to identify suitable conservation areas to sustain 
this species of concern into the future (Jones et al. 2018). In parcels that are already 
protected, such as the expansive areas of unfragmented land in Maine and Vermont in 
which this study took place, data on space use is important for active management to 
preserve wood turtle populations.  

Radio telemetry is an invaluable tool in the field of wildlife conservation to 
document the movement of species. Very high frequency (VHF) radio telemetry has been 
commonly used to document the movement, home range, and habitat use of wood turtles 
(Kaufman 1995, Arvisais et al. 2002, Compton et al. 2002, Brown et al. 2016, McCoard 
et al. 2016). However, locations are typically gathered 1-2 times per week, which leaves 
multiple days unaccounted for and does not account for nighttime locations. The 
development of small, global positioning system (GPS) enabled tags allows researchers 
to gather location data on freshwater turtles more frequently and without disturbing the 
natural behavior of the animal (Christensen and Chow-Fraser 2014, Thompson et al. 
2018, Cochrane et al. 2019). This is particularly important for wood turtles, which are 
sensitive to human presence (Harding and Bloomer 1979, Garber and Burger 1995). 
However, GPS tags are much more expensive than the VHF tags, and in most cases, 
program funds will only support buying a small number of these tags, which results in a 
smaller and potentially more biased sample size (Hebblewhite and Haydon, 2010). Use of 
GPS tags on wood turtles is a recent development, and no prior studies have occurred in 
New England (Thompson et al. 2018, Cochrane et al. 2019, Drescher-Lehman 2019).  

During emergence in the spring, wood turtles are typically found basking in the 
sun close to a river, and they will make short, daily excursions along the riparian edge or 
to vernal pools, then return to the river at night (Kaufman 1992, Curtis and Vila 2015, 
Brown et al. 2016, McCoard et al. 2018). Wood turtles move the most during the summer 
months for nesting, and they venture farther away from the river for foraging (Curtis and 
Vila 2015, McCoard et al. 2018, Drescher-Lehman 2019). The majority of documented 
movements are within 300 m of rivers (Arvisais et al. 2002, Brown et al. 2016, McCoard 
et al. 2016, Jones et al. 2018). Most long-distance movements of wood turtles occur as a 
result of the females searching for adequate nesting habitat, returning to their initial home 
range after displacement from a flooding event, or dispersing to new areas (Walde et al. 
2007, Jones and Sievert 2009, Drescher-Lehman 2019). Male and female wood turtles 
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exhibit different patterns of movement. Females tend to move further away from the river 
than the males during the active season. Males are more aquatic than females, and 
generally occupy longer stretches of river (Brown et al. 2016, McCoard et al. 2016). 
Wood turtles have exhibited site fidelity to certain areas that provide suitable habitat for 
foraging, nesting, and overwintering (Harding and Bloomer 1979, Arvisais et al. 2002, 
Thompson et al. 2018).  

The home range sizes of wood turtles are generally larger at the northern extent of 
their geographic range than those at the southern reaches of their range. Two hypotheses 
have been proposed to explain this: 1) lower primary productivity at higher latitudes 
results in the turtles needing to range further to meet nutritional needs, and 2) the turtle’s 
movement is less restricted in northern latitudes due to the habitat there being generally 
less fragmented than southern areas (Arvisais et al 2002). There has not been any 
published consensus on which hypothesis is most supported, or whether both might be 
supported. A meta-analysis conducted by Jones and Willey (2015) reports that the 
average mean home range size of male wood turtles is larger than female wood turtles 
(18.2 ha and 11.6 ha, respectively). Mean home ranges have been estimated as small as 
0.3 ha (Ross et al. 1991) to as large as 32.2 ha (Saumure 2004) (as summarized in Jones 
and Willey 2015). The majority of these estimates were calculated using tracking data 
collected via radio telemetry. However, the recent application of GPS tags has shown that 
traditional radio telemetry may underestimate the movements and home range sizes of 
wood turtles (Thompson et al. 2018). The use of GPS tags also provides many locations 
within a single season, whereas it takes multiple years of tracking wood turtles to get a 
comparable dataset (Christensen and Chow-Fraser 2014, Thompson et al. 2018, Cochrane 
et al. 2019).   

In this study, wood turtles at both the Maine and Vermont study sites were 
tracked using both traditional VHF radio telemetry and GPS tags. The data were used to 
estimate home range size, document significant areas of use, and reveal movement 
patterns at the study areas. The tracking data will provide insight into the differences 
between the VHF and GPS methods. This study is representative of what is achievable by 
conservation agencies when a long-term radio telemetry study may not be an option, but 
rapid data are needed to document the use of the landscape by wood turtles at a study site. 
The results from this research can help inform decisions regarding the conservation of 
these wood turtle populations and the land that surrounds the river they inhabit in order to 
mitigate threats. I hypothesize that wood turtle home ranges will, in general, be large 
because these populations are in the northern third of their range, and that male home 
ranges will be larger than those of females. I predict that distinguishable patterns will 
exist between the males and females, with males staying in the river and females 
venturing into the surrounding terrestrial habitat. Lastly, I predict that the use of GPS tags 
will provide a dataset that clearly exhibits these patterns and that the VHF data alone will 
be insufficient. 
 
 
Methods: 
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Radio telemetry and GPS tagging 
 

We located adult turtles opportunistically and during surveys following the 
protocol developed by the Northeast Wood Turtle Working Group (NEWTWG 2011) in 
2019 and again in 2020. Adults were fitted with a VHF radio transmitter and a GPS tag 
(MFT-3A 16g and PinPoint-240 10g, Lotek Wireless Inc., Ontario, Canada). Upon initial 
capture, we sexed, measured, and notched each turtle with a unique code following the 
identification system developed by Ernst et al. (1974). We weighed the turtles before 
attaching the tags to confirm that the total weight of the tags and epoxy did not exceed 
5% of the turtle’s body weight. We attached the tags towards the rear marginal carapace 
scutes using a putty epoxy. Care was given to minimize the profile of the tags so that they 
would not disturb the natural movement or behavior of the turtle, such as, mating or 
maneuvering under logs and branches (Figure 2.1).  

In the first year of the study, deployment of the VHF transmitters began at the 
beginning of May 2019. Deployment of the GPS tags was delayed until the beginning of 
June 2019 to allow for sufficient battery life for multiple locations to be taken per day 
after emergence and then from June-September. To extend battery life, we programmed 
the GPS tags to attempt locations during the day instead of at night when the turtles were 
most likely submerged in water or inactive. We programmed the tags to attempt fixes 
every two hours from 10:00 to 16:00 every day that they were deployed.  

In the second year of the study, we deployed the VHF and GPS tags beginning in 
June 2020. The GPS tags were scheduled to attempt a location at 08:00, 12:00, 16:00, and 
22:00 every day. 

Locations were stored on board the GPS tag. If a tag could not connect to a 
satellite signal within 70 seconds, the tag would end the attempt and no location was 
recorded. The GPS tags were removed in September during both years to download the 
data before the turtles entered the river hibernacula for overwintering. We attempted to 
locate the turtles via radio telemetry weekly throughout the entire summer, and at all 
times of the day to eliminate sampling bias. However, the natural timing of walking out 
to sites during daylight hours resulted in the majority of locations to be gathered between 
11:00 and 15:00. A waypoint was taken using a handheld Garmin GPS whenever a turtle 
was found. The VHF transmitters remained on the turtles to allow us to track them 
throughout the winter.  
 
 
Data Filtering and Statistical Analysis 
 

All statistical and spatial analyses were conducted using R and ArcGIS 10.7.1 (R 
Core Team 2019, Esri 2019) and the significance of statistical tests was evaluated using 
an alpha of 0.05. The GPS tag locations were converted to shapefiles and filtered in 
ArcGIS to remove locations with a high error prior to being exported for use in R. The 
following criteria were used for filtering data. Any locations with a dilution of position 
(DOP) value greater than 5 (determined by the manufacturer as the minimum value for 
robust study data), a fix attempt of 70 seconds (which means the GPS tag timed out 
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before possibly getting an accurate location), an erroneous altitude value (e.g. negative 
altitudes), and other unreasonable locations (e.g. located an unrealistic distance away 
from the other points gathered that day) were removed from the dataset.  

Home range estimates were calculated for all tagged individuals with a minimum 
of 5 locations. Turtles had their 95% minimum convex polygon (MCP) home range 
estimated using data from the VHF radio telemetry plus any other incidental relocations 
(referred to as “VHF data”) and from the GPS tag locations (referred to as “GPS data”) 
for individuals that were also outfitted with the GPS tags. Home ranges using the GPS 
data were also calculated using autocorrelated kernel density estimation (AKDE), which 
is more statistically robust in dealing with the inherent autocorrelation in GPS telemetry 
data (Fleming et al. 2015, Fleming and Calabrese 2017, Drescher-Lehman 2019). The 
reason both methods are being used was to allow for comparison to the literature, which 
primarily reports home ranges calculated using the 95% MCP. The MCPs and the 
AKDEs were estimated using the ‘adehabitatHR’ and ‘ctmm’ packages in R, respectively 
(Calenge 2006, Fleming and Calabrese 2019). A two sample t-test was used to test for 
differences between sexes, study areas, tag types (GPS vs. VHF), and between the two 
methods of estimation (MCP vs. AKDE). 

The distance moved between successive points for all turtles with GPS tags was 
calculated using the ‘adehabitatHR’ package in R. The distance data were log 
transformed to meet the assumptions of normality, and a linear mixed-effects model was 
used to test for differences in mean distance moved between the sexes and between the 
study areas using the ‘lme4’ package in Program R (Bates et al. 2015). 

Spatial data were viewed in ArcGIS to discern movement patterns, “hot spots”, 
and travel corridors. The Euclidean distance traveled away from the river for the GPS 
points was calculated in ArcGIS. Using the ‘lme4’ package in R, a linear mixed-effects 
model was used to test for differences in the distance from the river between sexes and 
between study areas.  
 
 
Results: 
 
VHF Radio telemetry 

A total of 43 individuals were outfitted with VHF tags at least once during the 
season (18 males and 25 females). A total of 38 turtles had tags attached for at least 30 
consecutive days during the active season. There were 28 individuals tagged at the Maine 
study area (18 females, 10 males), and 15 individuals at the Vermont study area (7 
females, 8 males). A total of 442 locations were collected from surveys, incidental 
captures, and VHF radio telemetry locations, ranging from 1-27 locations per individual 
(Appendix A). A total of 34 individuals had at least 5 locations.  
 
GPS Tags 

A total of 30 turtles were outfitted with GPS tags in either 2019, 2020, or both 
years (12 males and 18 females) and we collected a combined total of 4,272 locations 
(post-filtering). The mean number of locations collected from a GPS tag was 153 (range= 
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4-342, Appendix A). Eight GPS tags collected less than 100 locations. This was due to 
antennas breaking early in the season, or low accuracy. Four tags were not included in the 
analysis: 1) a tag that was damaged before any locations were downloaded and could not 
be recovered after the turtle was run over by a vehicle, 2) one tag malfunctioned and did 
not collect any locations, 3) a tag with only 4 locations due to a broken antenna was 
removed from analysis, and 4) one tag could not be recovered due to the VHF transmitter 
detaching from the turtle making it unable to track. All remaining tags successfully 
recorded locations during the active season. 
 
95% MCP home range estimates 

The mean home range (±SE) estimate using GPS data was not significantly 
different than the estimates using VHF data (10.80±3.45 ha and 6.80±1.45 ha, 
respectively; df=32, t=1.07, P=0.29; Tables 2.1-2.2).  

The mean GPS home range size for males was not significantly different from 
females (6.36±2.10 ha and 13.30±5.21 ha, respectively; df=19, t=1.23, P=0.23). There 
was no significant difference in the GPS home ranges between Maine (13.69±4.86 ha) 
and Vermont (4.67±2.10 ha, df=21, t=1.70, P=0.10). There was no significant difference 
between the male and female GPS home range estimates in Vermont (8.38±5.18 and 
2.45±1.01, respectively; df=2, t=-1.12, P=0.38). There was no significant difference 
between the male and female GPS home ranges in Maine (5.35±2.15 and 18.24±7.17, 
respectively; df=12, t=1.72, P=0.11). 

The mean VHF home range size for females was significantly greater than males 
(8.38±2.18 ha and 4.15±1.01 ha, respectively; df=26, t=1.76, P=0.04). The VHF home 
range sizes at the Maine study site (8.33±1.92 ha) were significantly larger than those at 
the Vermont study site (3.15±0.7 ha; df=28, t=2.44, P=0.02). Females in Maine had 
significantly larger VHF home ranges than males (4.06±1.45 ha and 10.44±2.71 ha, 
respectively; df=20, t=2.08, P=0.05), but there was no significant difference between 
males and females in Vermont (4.31±1.19 ha and 2.22±0.94 ha, respectively; df=6, t=-
1.38, P=0.22).  
 
AKDE home range estimates 

The overall mean AKDE home range estimate was 84.32±37.69 ha (Tables 2.1-
2.2). There was no significant difference between the male and female AKDE home 
range estimates (20.87±7.79 ha and 120.01±57.41 ha, respectively; df=16, t=1.71, 
P=0.11). There was a marginally significant difference in the home range sizes between 
the Maine and Vermont study areas (116.49±54.02 and 15.94±7.86, respectively; df=17, 
t=1.84, P=0.08).  

The home range estimates using the AKDE method of estimation was marginally 
greater than the MCP method (84.32±37.69 and10.80±3.45 respectively; df=24, t=-1.94, 
P=0.06).  

 
Movements and Patterns 

In general, males tended to stay close to the river, or in the river. Females moved 
perpendicularly away from the river more often than males. This was most clearly visible 
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from the turtles at the Maine study area (Figure 2.5), but can also be seen with the GPS 
data from River B in Vermont (Figure 2.7). These patterns can be discerned by viewing 
the VHF data from the Maine study site (Figure 2.2-2.4), but are less clear when looking 
at the VHF data from Vermont (Figure 2.6-2.7). The mixed-effects model quantifies the 
different patterns seen between the males and females. Males, on average, stayed 
marginally closer to the river than females (β=-66.82, SE=34.81, P=0.07). There was no 
significant difference in the distances traveled from the river between study areas (β=-
51.62, SE=35.87, P=0.16). The furthest distance from a river recorded by a turtle with a 
GPS tag was 520 m from a female in Maine. However, a female without a GPS tag was 
tracked 786 m away from a river in Maine via VHF telemetry. The furthest distance away 
from the river traveled by any male with a GPS tag was 281 m in Maine. At the Vermont 
study area the maximum distance traveled away from the river by a female was 216 m 
and by a male was 209 m, both with GPS tags.  

Two individuals were recaptured at locations that were over 3 km apart 
(Euclidean distance) during the 2019 season. One male was found 3,001 m away from the 
area where he was initially captured, and one female was found 3,180 m from her initial 
capture point. This female made similar movements in 2020 when she was tracked from a 
nesting area that was 3,300 m away from where she spent the summer foraging in a 
wetland. Three females traveled over 1,200 m, and two females over 2,000 m from 
nesting areas along River A to foraging sites along River B in 2020. One female traveled 
over 1,000 m from the river to a clear-cut to forage for the summer. All of these long-
distance movements occurred at the Maine study area, and none of them were the result 
of floods or permanent dispersal.   

Three female turtles at the Maine study area crossed a gravel road to get to 
wetland foraging areas. Each female had a different wetland where it spent the majority 
of the summer. The GPS data show that two of these females crossed once at the 
beginning of the summer, then once more at the end of the summer when returning to the 
river. One female crossed the road a total of 4 times over the course of the summer. In 
Vermont, there was one female who crossed a private gravel road once and one male who 
crossed the same road 4 times throughout the summer. This private road crosses over the 
river and has a large culvert. It is unknown whether these turtles crossed over or under 
this road. There was one case of road mortality during the course of this study, a female 
in Vermont. 

The largest daily movements were observed during nesting season by females at 
the Maine study area. One female moved 733 m between two nesting areas overnight 
from 16:00 on 17 June 2019 to 10:00 on 18 June 2019. The same female made a similar 
movement again the next night that was ~578 m to another nest beach. She most likely 
made these movements in the river based on the trajectory and location of the nest 
beaches. A different female made nearly identical overnight movements between two 
nest beaches on 4 June 2020 and 5 June 2020. One female in Maine moved ~580 m 
within 6 hours between 16:00-22:00 on 18 June 2020, and traveled another ~615 m the 
next day. This movement does not appear to be related to any nesting activity, but rather 
just general travel to a foraging area. Only one turtle at the Vermont site made a daily 
movement greater than 300 m. This was a male that moved 363 m overnight on 7 July 
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2020 and 665 m overnight on 8 August 2020. During the rest of the active season, daily 
movements were smaller. Some turtles would stay in one area for multiple days until 
moving on to a different area where they would then spend a number of days presumably 
foraging. Other turtles stayed primarily in one area for all of July and August, until they 
began moving toward their overwintering areas in mid-September.  

The linear mixed-effects model showed that on average, males made significantly 
longer movements (34.65±1.91 m) than females (23.99±1.03 m) (β=0.31, SE=0.14, 
P=0.04). There was a marginally significant difference in that turtles at the Vermont 
study area made smaller movements (23.66±1.50) than the turtles at the Maine study area 
(28.84±1.16) (β= -0.27, SE=0.15, P=0.08). 

 
 

Discussion: 
 

The aim of this research was to gather spatial data to estimate home range and 
document patterns in the movement of wood turtles to inform conservation and 
management decisions for USFWS and other natural resource agencies. I hypothesized 
that the mean home range size would be larger than those reported south of Maine and 
Vermont. This hypothesis was supported for females, but not supported for the males. 
Based on the literature, I also hypothesized that male home ranges would be larger than 
those of the females. This was only supported for the Vermont population. I predicted 
that distinguishable spatial patterns would exist between the male and female movements. 
This was supported visually and statistically. My last prediction that the GPS tags would 
clearly exhibit the patterns in space use better than VHF telemetry revealed mixed results, 
depending on the span of time analyzed. Over the two-year study, the VHF data were 
sufficient to determine coarse-scale space use. If the study had only occurred for one 
year, the GPS data were necessary to more accurately document space use patterns. 

Relocating individuals during the summer of 2019 proved to be more difficult 
than anticipated, which supports the use of the GPS tags to fill in data deficient weeks of 
tracking. After gaining experience tracking wood turtles in 2019, technicians were able to 
track more frequently in 2020 and gathered more locations from individuals. Utilizing 
GPS tags to capture the daily movements of wood turtles provided more accurate home 
range estimates than using just the VHF radio telemetry data because of the higher 
sample sizes. The home ranges estimated using the GPS points were on average larger 
than those using the VHF points, which supports the findings from Christensen and 
Chow-Fraser (2014) that using just VHF radio telemetry underestimates the home range 
of wood turtles. There was no significant difference detected between the two different 
datasets, which suggests that GPS tags may be unnecessary if turtles are getting tracked 
weekly or bi-weekly for multiple years. However, there was a high variance between the 
datasets, which makes it more difficult to detect differences. 

Arvisais et al. (2002) concluded that the home ranges of wood turtles are larger at 
the northern latitudes within their geographic range. This has been corroborated by other 
studies (Jones and Willey 2015). It was expected that the estimated home ranges of the 
turtles at these Maine and Vermont study sites would be on average larger than reported 
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estimates from southern areas of the wood turtle’s geographic range. This has 
conservation implications relating to buffers around streams to protect key sites for wood 
turtle conservation. The average 95% MCP GPS tag home range estimates for males and 
females was larger than those reported by Kaufman in central Pennsylvania (1992) and 
McCoard et al. (2016) in West Virginia. The mean home range for both males and 
females is smaller than estimates reported in Quebec, supporting my hypothesis. 
However, the home range for males is smaller than in populations reported by Jones 
(2009) in Massachusetts. One explanation for this disparity could be that Massachusetts 
is more developed than our study areas in Maine and Vermont, and turtles need to range 
further in Massachusetts to meet their daily and seasonal needs. This would provide some 
evidence against the second hypothesis proposed by Arvisais et al. (2002) stating that 
wood turtles will range further in unfragmented habitat. The long-distance movements 
observed by Drescher-Lehman (2019) suggest that in areas of highly fragmented habitat, 
turtles may range further to find suitable areas to nest or find foraging areas. However, 
because home ranges from other developed areas, like Pennsylvania, were smaller than 
my estimates, the disparity from Massachusetts could just mean that a larger sample size 
is needed to better test those hypotheses. 

The majority of home range estimates provided by other studies show that on 
average males have larger home range sizes than females (Jones and Willey 2015). Our 
results from the Vermont study are consistent with this, but the results from the Maine 
study area are not. On average, the female wood turtles in Maine have larger home 
ranges. This could be due to differences in the habitat types available at each of the sites. 
The longest movements were made by female turtles, but this was generally only during 
the nesting season. The results from modeling the distance moved between males and 
females shows that despite the females having larger home ranges, on average the males 
made moved more often than females. Moving along the river frequently increases the 
chances of encountering a female to mate with.  

Comparing the estimates from the two methods of GPS home range calculation 
(MCP vs. AKDE) reveals that the 95% MCP does underestimate the home range size, 
suggesting that wood turtles range further than has been presumed. Other studies have 
shown that the AKDE results are often much greater, even by an order of magnitude, than 
the traditional methods of calculating home range, such as MCP or kernel density 
estimation (KDE) (Fleming et al. 2015, Kay et al. 2017). The accuracy of the AKDE 
method to calculate wood turtle home ranges could be analyzed with a multi-year dataset 
from the same individuals. The difference between estimation methods was only 
marginal, and because of the small sample size using GPS tags, the individuals with 
extremely large home ranges had a strong influence on the mean home range size. The 
large disparity in the estimates provides support for continuing to utilize both MCP and 
AKDE methods in future research, but it also reveals a strong need to investigate the 
different methods and which provides a more accurate documentation of actual home 
ranges. The turtles in this study may not be representative of the whole populations. Still, 
there were multiple turtles that had very large home range estimates, which provides 
evidence supporting high variability in space use among individuals.  

The female wood turtles moved perpendicularly away from the river, spending 
more time in terrestrial habitats than the male wood turtles as shown by the GPS data. 
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These patterns were also found by Kaufman (1995), McCoard (2016), and Thompson et 
al. (2018). This information is particularly important for this region of New England 
because of the prominent timber industry. The potential for female turtles to disperse 
away from the river into forests that are harvested for timber poses a threat. Multiple 
females in our study did in fact travel into areas that get harvested periodically, and spent 
multiple days in clear-cuts. This movement also increases the likelihood of road mortality 
if these turtles are traveling large distances away from the rivers. If adult females are at a 
higher risk of mortality due to this pattern of moving away from the river, there could be 
serious implications for the reproductive success and subsequent recruitment of juveniles 
into the population.  

Females were observed making large movements to nesting beaches just prior to 
the nesting season. These movements occurred within the river channel as well as across 
land, which was also observed by Walde et al. (2007). Females made long movements to 
nesting beaches outside of the times that the GPS tags were scheduled to record a 
location in 2019, and also outside of the time that researchers are normally tracking via 
radio telemetry. After making this observation, the GPS tags were scheduled to record a 
location at night in 2020 to try to capture any overnight movements. After a second year 
of observing overnight movements, I suggest that future GPS schedules should be set to 
record more locations at night. This would eliminate bias against nighttime sample and 
prevent false conclusions that only apply to diurnal behavior (Beyer and Haufler 1994). 
The largest distance traveled away from the river was 786 m and was recorded from VHF 
data. Thompson et al. (2018) recorded a max distance away from the river of 364 m from 
their GPS data. However, they had tracked turtles 512 m and 912 m away from the river 
using VHF radio telemetry. These results provide evidence that GPS tags may not be 
necessary to document long movements. Contrary to this, a female that was tracked in 
2019 to a clear-cut far away from the river was not tracked there in 2020, but her GPS tag 
revealed that she had traveled there. This provides evidence both supporting the use of 
GPS tags to capture movements that may have been missed otherwise, but also shows 
that a minimum of two years of VHF telemetry data can adequately document turtle 
space use.  

The Vermont study site has a shorter distance from the river to where the habitat 
transitions to coniferous forest or is fragmented by roads, compared to the Maine site. 
There are more wetlands surrounding the rivers at the Maine study site, which are not 
present at the Vermont site. The Vermont rivers and River A in Maine have many 
suitable nesting beaches. River B in Maine lacks elevated sandy beaches, which is likely 
the reason females that spent the post-nesting period along River B traveled long 
distances to get to River A to utilize the sandy nesting beaches. These females traveled 
along the rivers to get to the nesting beaches and did not cross land. Only one tagged 
female in Maine is suspected of nesting in a gravel pit adjacent to River B. This female 
then continued from the gravel pit further away from the river to a small wetland to 
forage for the summer. Given that the rivers have many suitable nesting beaches and 
nearly all nesting activity has been observed along the rivers, the female turtles in Maine 
may be attracted further from the river by particularly favorable habitat, such as, wetlands 
or clear-cuts. The sample size of turtles at the Vermont study site was smaller than the 
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Maine site, and this hypothesis would benefit from further investigation on more turtles at 
the Vermont site (if they can be found) and at different study areas within their range.  

Only one adult mortality was recorded during the length of the study. A Vermont 
female was hit by a car before there was an opportunity to track her. This provides some 
evidence that turtles in this particular area might suffer greater road mortality, which 
could be contributing to the lower population size, especially if it is females that are 
impacted. Ironically though, there were more road crossing events at the Maine study 
area. There were no perceived patterns in the timing of these crossings aside from 
assuming that turtles will not cross during the winter months. These data can be used to 
inform the necessity of seasonal road closures or the construction of safe passageways, 
but I would recommend further data collection targeting the assessment of road mortality.   

Datasets will always benefit from additional samples and certainly the more 
turtles that could have been tracked with GPS tags, the more robust this analysis would 
be for population level inferences. The higher cost of GPS tags is one of their major 
disadvantages (Hebblewhite and Haydon 2010), but it has lower labor costs compared to 
using VHF tags. The GPS data revealed movement patterns that were not discovered in a 
single season utilizing only the VHF tags, which is one of the advantages to using GPS 
tags. However, after adding a second year to the study the VHF data were sufficient to 
discern the general space use patterns from the turtles. Usually, the resources available do 
not allow for a location to be gathered via VHF telemetry every day for each individual. 
One of the greatest benefits from having the GPS data for this study was to see the time 
span in which these turtles moved and how long they utilized certain areas. For example, 
we knew that females will “scout” different nest sites before laying eggs. What the GPS 
data revealed was that these females will make overnight movements, and sometimes for 
multiple days in a row, to these nest sites. The GPS tags allow a researcher to fill in the 
gaps inherent with VHF telemetry that can cause temporal sampling bias (Beyer and 
Haufler 1994).  
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TABLES 
 

Table 2.1: The MCP and AKDE home range estimates for all turtles at both study areas. 
NA indicates that the turtle did not have a GPS tag, or that there were not enough VHF 
points to do the calculation. 

ID Study Area 95% MCP (GPS) (ha) 95% MCP (VHF) (ha) AKDE (GPS) (ha) 
F1008 VT 5.87 5.16 28.96 
F1009 VT 0.36 0.88 1.21 
F1010 VT 3.49 3.70 6.11 
F1014 VT 0.75 0.40 2.14 
F1016 VT 1.77 0.97 5.05 
F7714 ME 5.39 2.26 7.27 
F7724 ME NA 33.25 NA 
F7735 ME 7.09 0.91 13.33 
F7737 ME 4.23 NA 20.46 
F7738 ME 2.98 6.88 10.4 
F7748 ME 83.18 27.43 685.38 
F7749 ME NA 23.76 NA 
F7750 ME 28.21 11.00 218.4 
F7754 ME NA 8.98 NA 
F7755 ME 14.83 1.80 73.27 
F7768 ME NA 1.52 NA 
F7770 ME 25.93 9.03 142.33 
F7771 ME 1.30 14.55 3.49 
F7775 ME 3.36 0.17 11.89 
F7777 ME 24.12 14.01 690.42 
F7802 ME NA 1.02 NA 
M1000 VT 3.69 3.11 7.92 
M1005 VT 2.73 2.85 9.57 
M1007 VT NA 3.44 NA 
M1012 VT 18.73 7.87 66.59 
M7702 ME 12.50 NA 45.6 
M7711 ME 1.81 0.68 7.08 
M7719 ME 1.99 0.46 5.11 
M7725 ME NA 3.26 NA 
M7731 ME 2.51 1.95 4.00 
M7736 ME NA 4.12 NA 
M7753 ME NA 13.25 NA 
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M7769 ME 1.53 5.57 2.98 
M7784 ME 11.76 3.21 39.00 

Table 2.2: The mean home range (±SE) estimates and results from the t-test comparisons 
between sexes, study areas, and methods of estimation. 

* P<0.05 
· P<0.10 
 
 
 GPS 95% MCP (ha) VHF 95% MCP (ha) GPS AKDE (ha) 
Overall 10.80 ± 3.45 6.80 ± 1.45 84.32 ± 37.69 · 
Females 13.30 ± 5.21 8.38 ± 2.18 * 120.01 ± 57.41 
Males 6.36 ± 2.10 4.15 ± 1.01 20.87 ± 7.79    
ME Females 18.24 ± 7.17 10.44 ± 2.71 170.60 ± 79.80 * 
ME Males 5.35 ± 2.15 4.06 ± 1.45 17.30 ± 7.97 
VT Females 2.45 ± 1.01 2.22 ± 0.94 8.69 ± 5.15 
VT Males 8.38 ± 5.18 4.31 ± 1.19 28.03 ± 19.29 
ME Overall 13.69 ± 4.86 · 8.33 ± 1.92 * 116.49±54.02 · 
VT Overall 4.67 ± 2.10 3.15 ± 0.7  15.94±7.86 
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FIGURES 
 

 

Figure 2.1. An adult wood turtle with a GPS tag and VHF tag attached on the rear scutes 
with putty epoxy.  
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Figure 2.2. The GPS data (top, n=8) and VHF data (bottom, n=13) from female turtles 
along River A at the Maine study site. Individuals are represented by different colors. Not 
all of the turtles had both GPS and VHF tags, but those that did are depicted with the 
same color. There is a distinct pattern of perpendicular movement away from the river by 
the female turtles, and the GPS provide greater insight into the movement patterns.  
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Figure 2.3. The GPS data (top, n=6) and VHF data (bottom, n=7) from female turtles in 
River B in Maine. Some females went to River A to nest and then returned to River B for 
the rest of the active season. Individuals are represented by different colors. Not all of the 
turtles had both GPS and VHF tags, but those that did are depicted with the same color. 
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Figure 2.4. The GPS data (top, n=6) and VHF data (bottom, n=7) from the male turtles at 
the Maine study site. With the exception of some movements by certain males, most stay 
in the river or close to it compared to the movements made by females. Each individual is 
represented by a different color. Not all of the turtles had both GPS and VHF tags, but 
those that did are depicted with the same color. 
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Figure 2.5. The GPS data from male (top, n=6) and female (bottom, n=8) turtles at River 
A in Maine. Each individual is represented by a different color. There is a distinguishable 
difference in the patterns of movement between the two sexes. In most cases, the females 
moved further away from the river than the males. 
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Figure 2.6. The GPS locations (top) and VHF locations (bottom) from the male (green 
square, n=1) and female (orange circle, n=1) turtles at River A in the Vermont study area. 
The female moved further away from the river than the male did, which is consistent with 
the patterns observed at the Maine study area, but to a lesser degree. You can also see the 
difference in scale between this river and the movements by females at the Maine site.  
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Figure 2.7. The GPS locations (top) and VHF locations (bottom) from the male (squares, 
n=2) and female (circles, n=2) turtles at River B in the Vermont study area. Individuals 
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are depicted as different colors. Not all of the turtles had both GPS and VHF tags, but 
those that did are depicted with the same color. There were both male and female turtles 
that moved away from the river at this location.   
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CHAPTER 3: FINE-SCALE HABITAT SELECTION OF WOOD TURTLES IN 
MAINE AND VERMONT 

 
Introduction: 
 

Identifying the habitats and resources that a species uses is one of the most 
important challenges for wildlife conservation. An adequate understanding of habitat use 
or selection can help slow, prevent, or reverse the threats contributing to the decline of 
those populations. Habitat selection generally occurs hierarchically at multiple scales: 1) 
species geographic range, 2) individual home range, 3) activity areas within their home 
range, and 4) selection of resources at a particular location (Johnson 1980). Habitat use 
by wood turtles has been studied in many states across their range (Arvisais et al. 2004, 
Brown et al. 2016, McCoard et al. 2016). Wood turtle geographic range (scale 1) is well 
documented (Figure 1.1, Jones et al. 2018). Wood turtle habitat selection at scale 2 is 
well characterized throughout different regions in their range (Arvisais et al. 2004, Brown 
et al. 2016, McCourd et al. 2016). Fewer studies have attempted to understand selection 
at the third and fourth scales. Collecting data on how wood turtles are utilizing fine-scale 
resources is especially important at sites that have not suffered greatly from 
fragmentation and human development because it can provide baseline information to be 
used as a benchmark for other sites. To date, published literature on this level of habitat 
selection for New England wood turtles exists only for one study area in western Maine. 
Deepening our understanding of the habitat use in northern New England will help 
identify priority tracts of land need to be managed for wood turtles. 

Wood turtles are one of the most terrestrial species in the Emydidae family. They 
have been documented in a variety of habitats that are both aquatic and terrestrial, such as 
rivers, streams, wetlands, forests, and fields (Harding and Bloomer 1979, Ernst et al. 
1994). The consistent feature among all wood turtle populations is proximity to a water 
source; most often this is a river or stream that provides the hibernacula that wood turtles 
need to survive through the winter. These rivers are usually characterized by sand, gravel, 
or cobble substrate and often feature sandy deposits along the river. Wood turtles prefer 
to use these sandy areas for nesting because they receive ample sunlight, are elevated, 
and well-drained (Hughes et al. 2009). Females will also travel long distances to locate 
gravel pits or other man-made features that provide suitable nesting habitat if necessary 
(Ernst et al. 1994, Compton 1999, Jones 2009).  

Wood turtles commonly utilize riparian edges, floodplains, vernal pools, and 
agricultural fields for foraging and thermoregulation. The turtles will often be found 
where these habitats meet forested areas, which provides a complex array of vegetative 
structure (McCoard et al. 2016, Compton et al. 2002, Thompson et al. 2018). Research 
conducted in West Virginia found that vegetative complexity (higher richness and 
diversity), lower elevations, and the distance from the river helped determine where wood 
turtles would be located within the landscape (McCoard et al. 2016). A study conducted 
in western Maine concluded that wood turtles selected activity areas in non-forested 
habitat close to water that had low canopy cover, but that those activity areas were within 
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moderately forested locations within the watershed (Compton et al. 2002). Brown et al. 
(2016) also concluded that densely forested areas are less preferred due to the closed 
canopy. Only these few studies have specifically addressed fine-scale habitat use by 
wood turtles. 

The majority of the forested habitat at my study sites is mixed-wood, but there is a 
strong presence of coniferous trees in many areas, which seems to be the least preferred 
forest type (Brown et al. 2016). These sites are representative of much of the landscape in 
northern New England, which generally has more forested habitat, fewer agricultural 
fields, and lower fragmentation (as compared to other areas in the wood turtle range in 
the Midwest and further south within the eastern deciduous biome). The prominent 
timber industry in this region and the increasing threat of future development prioritizes 
conserving this species and managing the favorable habitat needed to sustain wood turtle 
populations while also meeting landowner objectives. Additional data are needed to 
document the variation of habitat use in the local landscape, and to supplement our 
knowledge about the fine-scale characteristics of wood turtle habitat. 
 In this study I tracked wood turtles via radio telemetry to record fine-scale habitat 
characteristics relating to thermoregulation, shelter, movement, and feeding at the wood 
turtles’ activity areas. I hypothesized that canopy closure, distance to water, and shrub 
cover will be the strongest variables predicting habitat selection (used vs. random) 
because wood turtles prefer open canopy, are dependent of water features, and my 
preliminary observations have recorded wood turtles in areas abundant with speckled 
alder and red osier dogwood. The data will expand our knowledge for this region of New 
England to inform decisions regarding land acquisition and management for this species 
of concern. The Vermont study area has consistently had a lower documented number of 
turtles than the Maine site and an analysis of the habitat at both sites will help discern 
whether a lack of certain habitat characteristics could be contributing to the lower density 
of turtles.  
 
 
Methods: 
 
Data collection 

Turtles were tracked via radio telemetry from June-September 2019 (see Chapter 
2 for turtle capture and radio telemetry methods). Attempts were made weekly to locate 
the turtles to collect habitat data. Plots were established each time a wood turtle was 
located via radio telemetry or a turtle was randomly encountered while tracking; these 
plots are referred to as “used” locations. A paired approach was taken to sample random 
habitat that would still be within each wood turtle’s activity area (Figure 3.1). A paired 
random location was sampled immediately after sampling habitat at a turtle’s “used” 
location to eliminate the variables of weather and time of day. Paired random locations 
were established using a random compass bearing and random distance between 15-50 m 
away from the turtle. A list of random bearings and distances was created prior to data 
collection using a random number generator in Microsoft Excel.  
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At each used and random location a 3-m radius circular plot was established to 
record habitat variables hypothesized to influence turtle habitat selection (see Table 3.1). 
The variables of cover type, percent cover for multiple classes of vegetation, sun 
exposure, and food presence were visually estimated. Sun exposure was ranked as none 
(0), partial (1), or full (2). Food presence was ranked for a variety of types of food (e.g. 
vegetation, invertebrates, fungi, berries, etc; Table 3.1), and was ranked as absent (0), 
intermediate (1), or abundant (2). These food values were summed for each plot to be 
included in the analysis. Distance to water was measured on the ground using a metric 
reel tape, or calculated in ArcMap 10.7.1 (ESRI 2019). Overstory density was measured 
using a densiometer at the center of the plot. In order to accurately account for the tree 
cover at the sampling location, the plot was expanded to a 7.5-m radius to measure trees 
with a diameter at breast height (DBH) greater than 5 cm and to visually estimate 
percentage of tree cover (the ground space taken up by trees). An effort was made to 
track individual turtles at different times of day and over the course of the whole season 
in order to account for temporal changes in behavior and vegetation.  
 
Statistical analysis 

A generalized linear mixed-effects model (GLMM) with a binomial distribution 
(used vs. paired random plots) was used to analyze third-order habitat selection with 
individual turtles included as a random effect to account for repeated measures. The 
predictor variables tested in the models included the different classes of vegetation cover, 
overstory density, sun exposure, distance to moving water, total food presence, number of 
stems, and mean DBH of trees (see Table 3.1). All modeling was done using the ‘lme4’ 
package in Program R (Bates et al. 2015, R Core Team 2019). Variables were screened 
for multicollinearity by visually inspecting correlation plots and conducting a variance 
inflation factor (VIF) test. Variables with the highest VIF were sequentially removed 
until all remaining variables had a VIF less than 2 (Zuur et al. 2010), which resulted in 3 
variables being removed from inclusion in the model. In order to fully explore the data, 
any variables that did not pass the initial VIF selection were explored secondarily by 
removing the correlated variables and re-running the model. Models were ranked using 
Akaike’s information criterion (AIC) and averaged using the ‘MuMIn’ package in R 
(Barton 2019); the natural average was used to determine the effect of each variable on 
turtle habitat use. 

 
 
Results: 
 

A total of 65 used plots and paired random plots were sampled (48 in Maine and 
17 in Vermont) from 31 individuals (20 with VHF tags and 11 without). The majority of 
turtles were utilizing the floodplain (n=21 plots), riparian (n=15), and river (n=14) cover 
types. Other cover types used were wetland (n=7), vernal pool (n=5), forests (n=1), roads 
(n=1), and clear-cuts (n=1).  

The predictors that passed VIF selection were forb and herbaceous vegetation, 
graminoid cover, shrub cover, nonvascular vegetation, vine cover, woody debris, sapling 
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and seedling cover, mean DBH of trees, total food presence, density, and distance to 
moving water. Field conditions prevented accurate estimation or measurement of distance 
to standing water (such as vernal pools), and therefore that variable was excluded from 
the modeling. There were many models within 2 AIC units of each other, indicating 
model uncertainty (Table 3.2). Model-averaged parameter estimates indicated that the 
mean DBH of trees and forb and herbaceous vegetation cover (β= -0.28, SE= 0.13, 
P=0.03 and β= -0.26, SE=0.13, P=0.05, respectively; Table 3.3) had a strong negative 
effect on turtle habitat selection, meaning they were less favorable. Shrub cover had a 
marginally significant positive effect (β=0.24, SE=0.13, P=0.06).  

Tree cover and number of stems did not pass the initial VIF selection, but were 
explored further after removing the variables with multicollinearity. Tree cover had a 
significant negative effect on habitat selection (β= -0.43, SE=0.13, P=0.001, Table 3.3). 
Similar results were found when testing number of stems in the model. Greater mean 
DBH and greater number of stems had a significant negative influence on habitat 
selection (β= -0.31, SE=0.13, P=0.02 and β= -0.33, SE=0.16, P=0.04, respectively; 
Table 3.4), and woody debris had a marginally significant positive effect (β=0.23, 
SE=0.12, P=0.06).  
  
 
Discussion: 
 
 Fine-scale habitat characteristics were recorded to model third-order habitat use 
by wood turtles. I hypothesized that canopy closure, distance to water, and shrub cover 
would be the strongest variables predicting habitat selection. The results partly supported 
my hypothesis. The modeling indicated that higher shrub cover was a favorable habitat 
characteristic. Canopy closure was highly correlated with tree cover and mean DBH. 
Higher mean DBH and forb/herbaceous vegetation were variables that were selected 
against. Within their home range, wood turtles prefer habitats that have a lower mean 
DBH and lower tree cover, which indicates that the turtles prefer a more open canopy. 
Other researchers have proposed that wood turtles prefer open canopy for 
thermoregulatory needs, i.e., increased sun exposure (Compton et al. 2002, Arvisais et al. 
2004, McCoard et al. 2016, Brown et al. 2016). By choosing areas with low canopy 
closure, the turtles are located in areas where there is likely more shrub cover. The results 
did not support my predictions about distance to water. Shrub cover was positively 
selected for, as well as woody debris. This indicates that the turtles choose areas with 
complex structure in their immediate area. Complex vegetative structure fosters a variety 
of food sources, suggesting selection for forage and cover not just improved 
thermoregulation (McCoard et al. 2016). These areas are often located in the vicinity of 
prominent water features, such as vernal pools, wetlands, or rivers, which offer cover 
during cold temperatures and different food sources, such as amphibian egg masses.  

Wood turtles were most often observed in floodplain habitat, and in other cover 
types associated with water (e.g. wetlands, vernal pools, and rivers). Habitat data 
collection did not begin until June, so it is possible that we did not adequately capture use 
of vernal pools, which is higher during the month of May (pers. observation), or use of 
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the rivers given turtles are generally more terrestrial during the summer months (Arvisais 
et al. 2002, Brown et al. 2016). Even though forested habitat is abundant in the landscape, 
it was one of the least utilized cover types. This is similar to findings by Thompson et al. 
(2018). Habitat data collection only occurred in 2019. After a second year of tracking, 
turtles appeared to utilize more forested areas. As such, additional years of data collection 
to obtain a higher sample size would have greatly benefitted this study. All of our data 
were collected during daylight hours. If turtles utilize specific features at night (e.g. 
vernal pools or rivers) we did not document this.  
 The species of vegetation observed within activity areas is certain to vary widely 
across the geographic range for wood turtles. The most abundant species or types of 
vegetation inside the plots at our study sites were recorded to supplement our knowledge 
of wood turtle habitat in the Northwoods. Grass species and speckled alder were most 
often recorded as being the abundant vegetation in the wood turtle plots. Wood turtles 
have been commonly reported using alder and grass-associated habitats in other regions 
of their range (McCoard et al. 2016). Ferns, raspberry (Rubus idaeus), and red-osier 
dogwood were often abundant in the plots. Other species and types of vegetation that 
were recorded at least once were willow, elderberry, false hellebore, vines (Clematis 
virginiana being specifically documented on multiple occasions), meadowsweet, beaked 
hazelnut, blackberry, bunchberry (Cornus canadensis), wild sarsparilla (Aralia 
nudicaulis), goldenrod, jewelweed (Impatiens capensis), wild strawberry (Fragaria 
vesca), chokecherry (Prunus virginiana), and moss.  
 Many types of food sources were observed in the habitat plots. Small vegetation 
was present in the majority of plots. Slugs, mushrooms, and other invertebrates (e.g 
earthworms and aquatic insects) were found in multiple plots, and turtles were observed 
eating slugs most often.  

In conclusion, this study provides an additional depth of knowledge about the 
habitat preferred by wood turtles and their space use in a large expanse of unfragmented 
forest. Managers might use this information to locate key conservation areas and 
prioritize sites with these features in the Northwoods to conserve wood turtle populations.   
 
  



40 
 

 

FIGURES 
 
 

 

Figure 3.1. A representation of the used vs. paired random plot method of gathering 
habitat selection data.   

70° 
37	m 
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TABLES 
 

Table 3.1: Habitat variables that were measured at all sampling locations within 3-m 
radius circular plots, except DBH, which was measured in a 7.5-m radius circular plot. 
Different types of vegetation cover were defined using the USDA Natural Resources 
Conservation Science Growth Habits Codes and Definitions 
(https://plants.usda.gov/growth_habits_def.html). 

Variable Unit/measurement Description 
Cover type 
(e.g. floodplain, wetland, river, 
forest, etc.) 

Qualitative Gross-scale description determined by 
landcover datasets, imagery, and 
corroborated with on-the-ground 
observation. 

Distance to lotic (moving) 
water 

Meters Water must be >10 cm deep, 
measured with meter tape if within 
range, or using GIS. 

Distance to lentic (standing) 
water 

Meters Water must be >10 cm deep, 
measured with meter tape if within 
range, or using GIS. 

Overstory density Percentage Measured at plot center using a 
densiometer. 

Vegetation cover Percentage Visually estimated for each class: 
Graminoid, forb/herbaceous, 
shrub/subshrub, nonvascular, woody 
debris, tree, and vine. 

Water depth Centimeters Measured at plot center when 
applicable. 

Water temperature Degrees Celsius When applicable. 
Water pH pH When applicable. 
Air temperature Degrees Celsius Recorded inside plot, out of direct 

sunlight whenever possible. 
Sun exposure None (0), partial (1), full 

(2) 
Visual estimate of the sunlight 
penetrating the plot.  

Food presence Absent (0), minimal (1), or 
abundant (2) 

Assigned each for berries, fungi, 
small vegetation, invertebrates, 
carrion, egg masses, and other.  
Total food presence calculated by 
summing all values. 

Substrate Qualitative Dominant type present in plot (e.g. 
mud, sand, vegetation, water). 

Diameter at Breast Height 
(DBH) 

Centimeters Increased plot size of 7.5-m radius. 
All trees inside plot >5 cm DBH are 
recorded; also recorded species and if 
it was dead or alive. 
Mean DBH and total number of stems 
calculated for each plot.  
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Table 3.2. The degrees of freedom (df), Akaike Information Criterion Score (AIC), delta 
AIC (∆AIC), and model weights (wi) for third order habitat selection models separated by 
the predictors after the initial VIF selection, and after removing correlated variables to 
test tree cover and then number of stems. Due to many competing models within 2 AIC 
units of the top model (model uncertainty), parameters were averaged using the natural 
method. 

 df AIC ΔAIC wi 

Initial VIF seleciton     
forb/herb+DBH+shrub+CWD 6 173.62 0.00 0.08 
forb/herb+DBH+shrub 5 173.63 0.01 0.08 
forb/herb+DBH+nonvasc+shrub+CWD 7 174.01 0.39 0.07 
forb/herb+gram+DBH+shrub+CWD 7 174.24 0.62 0.06 
forb/herb+DBH+nonvasc+shrub 6 174.26 0.63 0.06 
density+DBH+shrub+CWD 6 174.35 0.73 0.06 
forb/herb+gram+DBH+nonvasc+shrub+CWD 8 174.54 0.92 0.05 
density+forb/herb+DBH+shrub+CWD 7 174.73 1.11 0.05 
forb/herb+DBH+shrub+food+CWD 7 174.74 1.11 0.05 
forb/herb+DBH+nonvasc+shrub+food+CWD 8 174.82 1.20 0.04 
forb/herb+gram+DBH+shrub 6 174.82 1.20 0.04 
forb/herb+DBH 4 174.87 1.25 0.04 
forb/herb+DBH+shurb+food 6 174.93 1.31 0.04 
DBH+shrub+CWD 5 175.27 1.64 0.04 
density+forb/herb+DBH+shrub 6 175.28 1.66 0.04 
forb/herb+DBH+nonvasc+shrub+food 7 175.33 1.70 0.03 
DBH 3 175.33 1.70 0.03 
forb/herb+DBH+shrub+vine 6 175.35 1.73 0.03 
forb/herb+gram+DBH+nonvasc+shrub 7 175.42 1.80 0.03 
forb/herb+gram+DBH 5 175.49 1.86 0.03 
density+DBH+nonvasc+shrub+CWD 7 175.54 1.92 0.03 
     

Modeling with tree cover     
tree 3 160.18 0.00 0.18 
tree+CWD 4 160.21 0.03 0.18 
food+tree+CWD 5 160.90 0.72 0.13 
shrub+tree+CWD 5 161.22 1.04 0.11 
food+tree 4 161.28 1.10 0.10 
shrub+tree 4 161.71 1.53 0.08 
gram+tree+CWD 5 161.76 1.58 0.08 
gram+tree 4 162.09 1.91 0.07 
tree+vine 4 162.15 1.97 0.07 
     

Modeling with number of stems     
DBH+stems+CWD 5 170.98 0.00 0.13 
DBH+stems+food+CWD 6 171.34 0.36 0.11 



44 
 

 

DBH+shrub+stems+CWD 6 171.67 0.69 0.11 
gram+DBH+stems+CWD 6 171.90 0.92 0.08 
forb/herb+DBH+shrub+stems+CWD 7 172.02 1.04 0.08 
DBH+stems 4 172.12 1.14 0.07 
forb/herb+DBH+stems+food+CWD 7 172.14 1.16 0.07 
forb/herb+DBH+stems+CWD 6 172.34 1.36 0.07 
forb/herb+DBH+shrub+stems+food+CWD 8 172.44 1.46 0.06 
DBH+shrub+stems+food+CWD 7 172.56 1.58 0.06 
forb/herb+gram+DBH+stems+CWD 7 172.71 1.73 0.06 
forb/herb+gram+DBH+shrub+stems+CWD 8 172.80 1.82 0.05 
forb/herb+DBH+stems 5 172.83 1.85 0.05 
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Table 3.3: Model-averaged (natural method) parameter estimates, standard errors (SE), 
Wald’s z-values, and probability statistics (P) for third-order habitat variables. 

Significance is indicated by an (*) and marginally significant values are indicated by (·). 

 
 
 
 

Variable Estimate SE z-value P  
Initial VIF selection  

intercept 0.008701 0.115486 0.075 0.9405  
forb/herb -0.260482 0.134618 1.935 0.0530 · 
DBH -0.289024 0.133808 2.139 0.0324 ** 
shrub 0.240571 0.126176 1.888 0.0590 · 
CWD 0.196648 0.120656 1.614 0.1066  
nonvasc -0.159993 0.126616 1.251 0.2109  
gram 0.145771 0.123983 1.164 0.2443  
density -0.174855 0.142700 1.214 0.2946  
food 0.129430 0.122271 1.048 0.2946  
vine -0.082678 0.119826 0.683 0.4945  

      
Modeling with tree cover  

intercept 0.01810 0.11911 0.150 0.88051  
tree -0.42691 0.13294 3.178 0.00148 ** 
CWD 0.19075 0.12517 1.508 0.13159  
food 0.13638 0.12260 1.101 0.27099  
shrub 0.11534 0.12283 0.929 0.35272  
gram 0.07922 0.12278 0.639 0.52309  
vine -0.05025 0.12138 0.410 0.68209  

      
Modeling with number of stems  

intercept 0.0003819 0.1167370 0.003 0.9974  
DBH -0.3109145 0.1304357 2.361 0.0182 * 
stems -0.3262365 0.1552017 2.082 0.0373 * 
CWD 0.2317166 0.1242088 1.847 0.0647 · 
food 0.1645992 0.1233288 1.322 0.1863  
shrub 0.1679717 0.1282232 1.298 0.1944  
gram 0.1502366 0.1239273 1.200 0.2300  
forb/herb -0.1668952 0.1337848 1.236 0.2165  
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CHAPTER 4: GENERAL CONCLUSIONS AND RECOMMENDATIONS 

 
Protecting wood turtle habitat across their range is necessary to conserve this 

species into the future. Current reports that list management recommendations for wood 
turtle conservation primarily focus on urbanized areas where wood turtle habitat is being 
altered by development, or they are threatened from activities, such as, poaching and 
agricultural practices (Jones et al. 2018). Private timber companies own vast expanses of 
land in the Northwoods with sandy rivers similar to the study areas. Since approximately 
75% of forested land in New England is privately owned (Perschel et al. 2014), the 
results from this research can provide some guidance for initial management 
recommendations that relate to regions of the Northwoods where timber harvesting may 
be an immediate, but preventable threat. 

 Timber harvesting occurs year-round. Summer cutting poses the risk of mortality 
to wood turtles, especially to females, that are utilizing forested habitat further away from 
the rivers. The furthest distance from a river that a turtle was recorded in this study was 
786 m. Timber harvesting within at least 800 m of ideal stream habitat or streams with 
known wood turtle occurrences should be conducted during the winter when turtles are 
hibernating.  

Female wood turtles from our study were tracked to recent clear-cuts. Clear-cuts 
provide open canopy and after a period of time, regenerate into complex vegetative 
structure. It is possible that wood turtles would benefit from certain forest management 
practices, like these patch cuts. Further research that analyzes the relationship between 
wood turtles and forest management needs to be conducted. Such research should be a 
priority because climate change may expand the wood turtle range north into expanses of 
forest that have current and historic timber industries (Mothes et al. 2020). Based on our 
observations of wood turtles specifically using clear-cuts, I suggest that research on the 
effects of patch cuts and clear-cuts on wood turtles be prioritized. The impact of 
harvesting along sensitive wood turtle habitat needs to be researched and the 
effectiveness of current state buffer regulations needs to be examined. Until this is 
investigated, I recommend implementing a 170 m no-cut buffer around streams that have 
known or suspected occurrences of wood turtles.  

Currently, the most restrictive harvest buffer around streams and wetlands in 
Maine is 250 ft (76.2 m), and this does not prevent all harvest but rather restricts cutting 
to 40% of the total volume of trees (Maine Forest Service 2017). In Vermont, buffers are 
determined by the slope surrounding a river. A slope up to 10% only requires a buffer of 
50 ft (15.2 m), and a slope of 40% would require a buffer of 110 ft (33.5 m) (VT Dept. of 
Forests, Parks, and Recreation). Based on the data from this study a buffer that would 
encompass 90% of all locations would need to be 325 m (1066 ft). A no-cut buffer this 
wide is unlikely to be approved. A buffer that would encompass 75% of locations would 
be 170 m (558 ft) and 50% of locations would be 70 m (230 ft). A compromise between 
meeting the economic goals of timber companies and the ecological goals of conservation 
agencies needs to be sought. Perhaps a combination of no-cut and restrictive buffers will 
prevent alteration to sensitive wood turtle habitat, but also meet the goals for all parties 
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involved. After the necessity and effectiveness of buffers are investigated, management 
recommendations could be adjusted.  

Future telemetry studies on wood turtles should consider the length of time the 
study will occur, the number of staff (and time) available to track wood turtles, and the 
goals of the research. Short-term studies that aim to gather fine-scale data would benefit 
from investing in GPS tags that can gather greater amounts of movement data, especially 
if the labor is unavailable to track weekly locations with VHF. Studies that aim to make 
coarse-scale inferences should invest in the cheaper VHF tags to have a larger sample 
size of individuals. Remote, difficult to traverse areas like these study sites require a lot 
more time and have high labor costs, which needs to be considered before deciding which 
type of tag to purchase. The GPS tags used in this study are rechargeable, but some of the 
antennas on the tags would break, and some would not successfully recharge. Long-term 
studies would benefit from utilizing VHF tags, which have a longer battery life and 
wouldn’t require the continued purchase of expensive GPS tags.  

Lastly, I would like to express that although a lot of information can be gleaned 
from gathering locations remotely with GPS tags, there is undoubtedly a depth of 
knowledge that can only be gained from being in the field with these turtles. 
Understanding their behavior and habitat preferences was enhanced by the observations I 
made while tracking. Continued research that combines powerful technology and field 
data can help us conserve this species into the future.  
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APPENDICES 
 
Appendix A: The number of VHF and GPS locations collected for each individual turtle 
for 2019-2020. The sex of each turtle can be indicated by the “M” or “F” preceding their 
ID number. NA indicates that the turtle did not have a GPS tag for either year. 

 
Turtle 
ID 

Number of 
GPS points  

Number of 
VHF points 

Turtle 
ID 

Number of 
GPS Points 

Number of 
VHF points 

F1008 240 13 M1000 232 27 
F1009 13 12 M1005 207 15 
F1010 317 27 M1007 NA 12 
F1014 60 12 M1012 144 9 
F1016 150 9 M7702 134 7 
F7714 233 16 M7711 105 11 
F7724 NA 10 M7719 90 18 
F7735 105 6 M7725 NA 13 
F7737 342 3 M7731 192 16 
F7738 47 13 M7736 NA 19 
F7748 151 13 M7753 4 6 
F7749 NA 10 M7769 117 10 
F7750 152 9 M7784 65 7 
F7754 NA 14    
F7755 156 10    
F7768 NA 8    
F7770 523 17    
F7771 60 9    
F7775 141 7    
F7777 292 9    
F7802 NA 12       

      
      
      
      
   

      
 
 
 


