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Abstract
Mining practices can negatively impact turtles through degradation of wetlands and surrounding
upland habitat, alteration of movement corridors, accidental mortality, and increased risk of nest
and turtle predation. These impacts, in turn, can cause changes in patterns of energy allocation,
skewed sex ratios and changed demography, which may ultimately lead to population declines.
The aim of my study was to describe the demography of, and identify critical habitat for, a
population of globally-endangered Blanding’s turtles (Emydoidea blandingii) inhabiting an area
of interest for development of a trap rock quarry. In addition to generating important knowledge
about population ecology and habitat use, my study can serve as the “before” study in a BeforeAfter Control-Impact (BACI) study quantifying impacts of quarrying on turtles. Using radiotelemetry, GPS dataloggers, and capture-mark-recapture surveys, data were collected at an
impact (quarry) site and a control site, and thermal data were collected during overwintering
using iButtons. I captured 56 turtles at the impact site and 13 at the control site, and estimated
population sizes were 79.6 +/- 17.9 (1.84 turtles/ha) and 16.0 +/- 21.2 (0.32 turtles/ha),
respectively. Body size was larger at the control site, but body condition was similar at both
sites. Daily distances moved and home range sizes did not differ between sites, and were
generally smaller than conspecific values reported in the literature. I identified nesting (15
impact, 2 control) and overwintering (12 impact, 7 control) sites, both considered critical
habitats. Overwintering water depth ranged from 30-150 cm (before ice-on) and turtles
overwintered at temperatures reported previously in the literature (1.5 to 0.5 ºC). My data can be
used to quantitatively inform quarry development and mitigation strategies, essential components
to balancing the needs of species at risk and humans.
Keywords: Emydoidea, Critical Habitat, Before-After Control-Impact Study, BACI Study
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Chapter 1: General Introduction
Turtle Conservation
Ontario is home to 8 native species of turtles, 7 of which are listed as Species at Risk
(SAR; http://cossaroagency.ca/species/). Much of their historic range has been destroyed due to
agriculture, mining, and infrastructure and road construction, and a slew of negative
consequences arising as byproducts of these practices (Gibbs and Shriver 2002; Marchand and
Litvaitis 2004; Enneson and Litzgus 2008, Lovich et al 2018). All of these threats are related as
they are anthropogenic in nature and fall under the umbrella of habitat destruction.
The provincial Endangered Species Act (ESA) was created in 2007 and implemented in
2008 to identify species that are of Special Concern, Threatened or Endangered, and to prevent
species from becoming Extirpated or Extinct. The Act prohibits the killing and collection of
these at-risk species and the destruction of their habitats (ESA 2007). However, the ESA allows
for development in SAR habitat with an Overall Benefit Permit (OBP) if the Minister has the
opinion that an overall benefit to the species will be achieved in a reasonable amount of time,
that other alternatives have been considered, and that steps have been taken to minimize the
impact on members of the species (ESA 2007). Overall benefits can include a contribution from
the developer of research money, protecting habitat elsewhere, habitat creation, incubating eggs
and releasing hatchlings to replace those lost in the development, and many other alternatives,
and are distinct from the mitigation required when developing SAR habitats (ESA 2007).

Mining and Turtles
Freshwater turtle species are affected by habitat destruction, such as mining, because it
changes movement corridors, destroys overwintering and nesting sites, and may increase risk of
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predation (Beaudry et al 2009). Semiaquatic freshwater turtle species that rely heavily on the use
of upland habitat for foraging, nesting, mating, and aestivating, such as Spotted turtles (Clemmys
guttata), Blanding’s turtles (Emydoidea blandingii) and Wood turtles (Glyptemys insculpta), can
be negatively affected by terrestrial habitat alteration, whereas Painted turtles (Chrysemys picta),
which do not make these dynamic and complex upland movements, may be less impacted
(Marchand and Litvaitis 2004; Beaudry et al 2009). Mining causes habitat alteration and
destruction, and mitigation for mining of any type must be species- and site-specific.
Mining has a destructive impact on the environment, and in Ontario specifically, mining
laws are complicated (Pardy and Stoehr 2011). Environmental issues fall outside the Mining Act
and fall under the umbrella of many other acts such as the Ontario Water Resources Act
(OWRA), the Environmental Protection Act (EPA), and the Endangered Species Act (ESA).
However, many of these acts have different stipulations on the release of effluents, stormwater,
commercial or industrial waste as a result of mining, or do not mention them at all (Pardy and
Stoehr 2011). Rehabilitation is also not mentioned in any of the above legislation except for the
Mining Act and even so, it is not a requirement that the mining company return the environment
to its previous state (Pardy and Stoehr 2011). In the Mining Act, to rehabilitate means that the
site “is restored to its former use or condition, or made suitable for whatever use the [proponent]
sees fit” (Pardy and Stoehr 2011). Bill 39, created in 2017, is the most recent amendment to the
Aggregate Resources Act, which does not require rehabilitation unless suggested by the Minister
of Environment and Climate Change (https://www.canada.ca/en/government/ministers/catherinemckenna.html; now the Minister of Environment, Conservation and Parks (MECP)).
Mining is a known threat to turtles as it destroys critical habitat necessary for their
survival (COSEWIC 2016). Mining impacts habitat over a long period of time, and it takes many
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years of rehabilitation for these areas to become inhabitable again, if they become inhabitable
again (Kossoff et al 2014), and it is unlikely that areas that have undergone mining activities can
be rehabilitated to pre-mining conditions. Quarries are an example of above-ground mining
(Poulin et al 1994). Many factors in the quarry construction, operation and rehabilitation
processes can affect wetlands and the upland habitat surrounding them, and consequently the
turtles living in these habitats. Changes in water levels, degradation of wetlands, and turtle and
nest mortality and injury, are just a few of many risks occurring during the entirety of the
extraction process (Tulloch Environmental 2017).

The Blanding’s Turtle
The Blanding’s turtle is a medium-sized turtle, easily identified by its bright yelloworange chin and highly domed shell (Congdon et al 2008; Edge et al 2010; COSEWIC 2016;
ECCC 2016). Blanding’s turtles are listed as Threatened in Ontario, and as Endangered in
Canada (COSEWIC 2016) and globally (van Dijk and Rhodin 2017). They are the only turtle
species in Ontario with defined habitat regulations under the Endangered Species Act (ESA)
(Figures 1.1, 1.2; OMNRF 2013). In the 2016 Committee on the Status of Endangered
Wildlife in Canada (COSEWIC) assessment and status report, mining was included in two of
the seven threats listed to affect Blanding’s turtle populations and habitats. Blanding’s turtles
use numerous habitats to meet their seasonally shifting ecological needs (Markle and ChowFraser 2016), and because of their dynamic landscape use, along with their extensive upland
movements during the active season (Edge et al 2010), conservation and management of this
species must include population-specific spatial ecology studies (Beaudry et al 2009).

3

The spatial ecology of Blanding’s turtles in their northern range has been described
(Edge et al 2009, 2010; Markle and Chow-Fraser 2016, 2017), but few studies have applied
these data in management and best practices settings. A quarry is proposed in known
Blanding’s turtle habitat in Algoma District. The Species at Risk Act (SARA) Recovery
Strategy (2016) identifies quarrying as an activity likely to destroy critical habitat, and in
Ontario, under the ESA, proponents must obtain and Overall Benefit Permit (OBP) for
construction to proceed (ESA 2007), if habitat of Threatened and Endangered species will be
destroyed.

General Habitat Descriptions and Critical Habitat for Blanding’s Turtles
General habitat descriptions are created for species likely to be affected by human
activity and are intended to provide science-based habitat protection (OMNRF 2013). The
general habitat description for Blanding’s turtles in Ontario was created in 2013 and divides
the habitat into categories in order of least to most tolerant of alteration (OMNRF 2013).
Category 1 includes nesting and overwintering sites, plus a 30-m buffer around these sites.
Category 2 is the wetland complex and any waterbodies within 500 m of a species’
occurrence. Category 3 is an area between 30-250 m from an occurrence buffering the suitable
wetlands and waterbodies (Figure 1.1).
In 2016, COSEWIC recommended the Great Lakes/ St. Lawrence population of
Blanding’s turtles be up-listed from Threatened to Endangered in Canada (COSEWIC 2016).
A recovery strategy was created in 2018 (ECCC 2018). In this document, critical habitat for
Blanding’s turtles was defined. As opposed to habitat categorization (as is the case for the
provincial ESA), all habitat is considered critical and protection of the entire unit is essential

4

(ECCC 2018). Nesting sites are given a 150 m terrestrial buffer, and wetland complexes in the
2 km radial distance of an observation have a 240 m terrestrial buffer placed around them
(Figure 1.2; ECCC 2018). All areas surrounded by the terrestrial buffer that fall inside the 2
km radial distance from a Blanding’s turtle observation are defined as critical habitat units
(Figure 1.2; ECCC 2018).

Objectives
The purpose of my study was to apply endangered species legislation to ecological data
to inform decision-making about resource extraction. My research aimed to determine the
potential effects of mining on the Threatened (COSSARO 2017) Blanding’s turtle (Emydoidea
blandingii) and to offer mitigation strategies to aid in their protection during development and
operations, if the quarry is approved. Development, including mining, is occurring and will
continue to occur, and because chelonians are one of the most at-risk taxonomic groups
worldwide (Gibbons et al 2000; Lovich et al 2018; Rhodin et al 2018), research needs to be
conducted to provide data to inform decisions about best management practices for resource
extraction and mitigation to reduce impacts on SAR.
My study involves the collection of data from a Blanding’s turtle population on Crown
Land in Algoma District, where a trap rock quarry is proposed. Demographic and spatial
ecology data were collected to identify Category 1, 2 and 3 habitats under provincial
legislation (OMNRF 2013), and to identify critical habitats under federal guidelines (ECCC
2018) for the species (Figures 1.1, 1.2) at an impact site (quarry site; Figure 1.3) and at a
control site (Figure 1.4). My research will lay the groundwork for a future Before-After
Control Impact (BACI) study, if the quarry is approved. My research will also be critical for
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future developments, and can stress the use of BACI studies as a standard for the level of
research required to develop rigorous mitigation strategies for SAR turtles in areas undergoing
quarrying or other development.
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Figure 1.1 General habitat description for Blanding’s turtles (E. blandingii) in Ontario, Canada
(OMNRF 2013). Category 1 includes nesting and overwintering sites, plus a 30 m buffer around
these sites. Category 2 is the wetland complex and any waterbodies within 500 m of a species
occurrence. Category 3 is an area between 30-250 m from an occurrence buffering the suitable
wetlands and waterbodies.
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Figure 1.2 Critical habitat criteria for the Great Lakes/St. Lawrence population of Blanding’s
turtles (E. blandingii; ECCC 2018). Nesting sites are given a 150 m terrestrial buffer, and
wetland complexes in the 2 km radial distance of an observation have a 240 m terrestrial
buffer placed around them. All areas surrounded by the terrestrial buffer that fall inside the 2
km radial distance from a Blanding’s turtle observation are defined as critical habitat units.
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A

1.

B

Figure 1.3 Satellite imagery of the impact site (A) including the proposed trap rock quarry
boundary (blue outline) in Algoma District, Ontario. The relatively pristine impact site is Crown
Land, currently without roads or infrastructure. Satellite imagery of the control site (B) in
Algoma District, Ontario.
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Chapter 2: Using spatial ecology data to inform development and mitigation of a trap rock
quarry in Blanding’s turtle (Emydoidea blandingii) habitat

Introduction
Turtles have inhabited the planet for over 200 million years, but today, an estimated 61%
of species are threatened with extinction or are already extinct (Gibbons et al 2000; Lovich et al
2018). Turtle life history characteristics limit the ability of populations to recover from
anthropogenic threats. Most turtles are long-lived with delayed sexual maturity and iteroparity,
known as a ‘bet-hedging’ strategy (Stearns 1976). Hatchlings and eggs face high rates of
mortality while adults experience predictably high survivorship (Stearns 1976; Heppell 1998).
Turtle populations are vulnerable to anthropogenic factors such as habitat loss and degradation
because of their low fecundity and low recruitment, and even a small loss of adults can lead to
population declines and extirpation (Congdon et al 1994, Innes et al 2008; Keevil et al 2018).
Adult survivorship, especially of females, is arguably one of the most important factors in
preserving freshwater turtle populations (Congdon et al 1994; Heppell 1998; Enneson and
Litzgus 2008).
Habitat loss is the primary threat to turtles (Gibbons et al 2000; Beaudry et al 2009;
Rhodin et al 2018), and spatial ecology data are necessary to inform turtle conservation efforts.
Description and quantification of home ranges, nesting and overwintering sites (i.e., critical
habitats as per SARA 2007), and seasonal habitat use are essential to habitat preservation.
Numerous studies have been published on the spatial ecologies of freshwater turtles (e.g., Quinn
and Tate 1991; Gibbs and Shriver 2002; Beaudry et al 2009; Edge et al 2009, 2010; Markle and
Chow-Fraser 2016, 2017); however, individual populations occur in different habitats and thus
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have different home range sizes, habitat preferences, and nesting and overwintering sites.
General conclusions can be made from these data, but population-specific home range size or
movement data cannot always be effectively extrapolated to different populations.

Quarry Construction, Operation and Rehabilitation
Quarrying is a type of surface mining that destroys turtle habitat (COSEWIC 2016).
Wetlands may also become degraded from water discharge during quarry operation (Tulloch
Environmental 2017). Habitat may be altered and in some cases destroyed, and turtles may be
killed unintentionally by excavation equipment or vehicles entering and exiting construction
zones (Azous and Horner 2001; Steen et al 2006; COSEWIC 2016).
Quarrying may impact turtle populations during all phases of development:
construction, operation, and rehabilitation. During construction, wetlands can become
degraded due to changes in surface or groundwater flow such as chemical or sediment
contamination (Azous and Horner 2001; Tulloch Environmental 2017) exiting the construction
site. The creation of quarry access roads and areas of finely crushed gravel may attract nesting
females and increase the risk of turtle and nest predation in these open areas (Steen et al 2006).
Active sand and gravel pits can act as ecological traps for turtles as they appear to be suitable
for activities such as nesting but can increase predation risks or result in mortality (SARA
2018). During the operations phase, blasting and trucking of supplies into the sites and
aggregates out of the sites, present the same risks encountered during the construction phase
(Tulloch Environmental 2017). Water contamination and degraded wetlands may reduce body
condition of turtles which comes with consequences such as lower fitness and smaller, more
infrequent clutches (Litzgus et al 2008). Mortality and increased predation rates associated
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with quarrying may reduce population sizes. Many factors need to be considered when
constructing, operating and rehabilitating quarries in areas containing SAR turtles.

Objectives
The objectives of my study were to collect population, spatial and thermal ecology data
and to identify Category 1, 2 and 3 Blanding’s turtle habitats under provincial legislation
(Figure 1.1), and to delineate critical habitat units under federal legislation (Figure 1.2) in an
area in which a trap rock quarry is proposed. My goal was also to use my data to propose
mitigation strategies to reduce turtle mortality and habitat loss if the quarry is approved. I
identified overwintering and nesting sites (Category 1 habitats) to inform the quarry footprint,
and identified travel corridors to inform ecopassage placement on the quarry access road. My
project should constitute the “before” data collection period in what will hopefully become a
Before-After-Control-Impact (BACI) study with the “after” data collected when the quarry is
in operation.

Methods
Study Sites
The impact site is located on relatively pristine provincially owned Crown Land in
Algoma District, Ontario, Canada (46°N, 82°W) and is the site of a proposed trap rock quarry. It
is important to note that the study also resides on Robinson-Huron Treaty Land which would fall
under federal jurisdiction. The site did not have a quarry on it while I collected the data presented
in my thesis, but human disturbance at the site included wells placed to monitor ground water
levels, ATV trails and a few small areas where test blasting for the quarry occurred. The licensed
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area is 115 ha with an extraction area of 68.3 ha (Tulloch Environmental 2017). The area is a
combination of rocky outcrops, mixed forest and wetlands. Common wetland types include open
marshes, wet meadows, fens, vernal pools and treed swamps.
The control site, also Crown Land in Algoma District, is located approximately 8 km
from the impact site. The area includes a combination of rocky outcrops, mixed forest and
wetlands, and human disturbance in the area consists of man-made trails. Female Blanding’s
turtles have been known to travel up to 6 km to nest (Edge et al 2010), and in some cases 10 km
(Congdon et al 2008). This was taken into account during site selection to ensure that individuals
were not moving between sites such that the control site had a separate population of turtles. In
addition, no monitored turtles moved between the impact and control sites during the entirety of
my study. The control site was chosen because it had similar habitat, was accessible, and was
possible to survey at the same frequency as the impact site.

Population Ecology
From June 2017 to November 2018 during the active season (late April to September),
surveys for Blanding’s turtles were conducted 5 times per week by a minimum of 2 and up to 6
researchers. Sites were accessed using canoes, by walking around the edges or through wetlands,
to hand capture individuals in shallow water or stalk individuals in deeper water. Stalking
involved slowly approaching turtles basking in areas of deeper water, using the water depth to
conceal most of the researcher’s body, to eventually get close enough to hand capture the turtle
before it fled. I also recorded incidental and opportunistic observations of other turtle species, as
my sites were new to science, so information on the turtle community may be valuable to future
work at these sites.
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Individual-specific data (body size, sex, and age category) were collected. All turtles
were marked using marginal scute notching (Cagle 1939), sexed using secondary sex characters
(Ernst and Lovich 2009), measured with calipers (±0.1cm, Haglof aluminum tree calipers Model
CF59729), weighed using Pesola spring scales (±10 g), photographed, and any deformities
recorded. The turtle capture locations (latitude, longitude) were collected with a handheld GPS
unit (Garmin GPSMap 64s), converted to UTM coordinates, and inputted into ArcGIS 9.2.
Population size was estimated for both sites using the Lincoln-Peterson model calculated by
hand. I opted to use the Lincoln-Peterson model, recognizing it assumes a closed population,
because of the short duration of my mark-recapture surveys relative to the great longevity of
Blanding’s turtles (Congdon et al 1994). Population densities were also calculated at both sites
by dividing population size by area of wetlands and waterbodies where turtles were found. I did
not include deep water, terrestrial habitat or nesting sites in this calculation, as Blanding’s turtles
prefer shallow water and are mostly found in wetlands (COSEWIC 2016). In my study, unless
turtles were aestivating, nesting or travelling between wetlands, they were always found in
wetlands or along the shorelines of waterbodies. Maps were created for all turtles captured
during the 2017/2018 and 2018/2019 field seasons using available GIS map layers and by
overlaying UTM coordinates to identify all Provincially Significant Wetlands (PSWs), Category
1, 2 and 3 Blanding’s turtle habitats, and to delineate critical habitat units.

Body Condition
Body condition was calculated by using the residuals from an ordinary least squares
(OLS) regression of log mass on log midline carapace length (Schulte-Hostedde et al 2005;
Litzgus et al 2008). OLS regression has been shown to be a better method when compared to
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major axis and reduced major axis regressions as it explains more variation in body composition
(Schulte-Hostedde et al 2005). Residuals (i.e., body condition) were compared between control
and impact site turtles using a t-test. A line of best fit was created for each population and if an
individual fell above the line, they were assumed to be of better body condition than an
individual that fell on or below the line. Within-site (impact site only) temporal comparisons of
body condition were made for turtles that were measured in the spring at emergence and then
again in the fall when they moved into overwintering sites, using a paired sample t-test.

Spatial Ecology
Spatial ecology data were collected from June 2017 to November 2018 using radio
telemetry and GPS data loggers placed on a subset of captured male and female Blanding’s
turtles (n = 38; Tables A1.1, 2.1). A total of 29 different Blanding’s turtles were monitored at
the impact site and 9 different turtles at the control site with VHF radios (Advanced Telemetry
Systems Inc., Isanti, MN, models R1655, R1650 (2017) and A2850) in the 2017/2018 and
2018/2019 field seasons (Table A1.1). Gravid females were outfitted with GPS loggers (Lotek
PinPoint Beacon Tag-240) at the impact site (n=11) and at the control site (n=2; Table 2.2).
Each turtle was radio-located approximately 2 times per week throughout the active season,
once per week in the fall, and once per month during the winter, if applicable. Data collected
included GPS coordinates (latitude, longitude), air, water and substrate (only if found buried
in, or basking on, substrate) temperatures (ºC), behaviour, vegetation type (by species or
family), and water depth at hibernation sites (cm).

Home Range
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I calculated home range size using 100% Minimal Convex Polygons (MCPs; ha), then
calculated 95% kernels (Rowe et al 2009; Edge et al 2009, 2010; Laverty et al 2016) with a
smoothing factor (h) that resulted in home range sizes being equal to 100% MCP (Row and
Blouin-Demers, 2006) for each turtle’s annual home range size using functions created in
RStudio. Home ranges were only calculated for turtles that were tracked for an entire season. I
tested for differences in mean annual home range sizes between sites within sexes, and
between sexes within sites, using a 2-factor ANOVA. The data were log10 transformed to
normalize the data. I also compared my calculated home range sizes to those published for
other Blanding’s turtle populations.

Daily Distance Moved
Daily distance moved (DDM; m/day) was calculated in RStudio for turtles that were
tracked for an entire field season (May-October minimum). DDM was calculated as the distance
moved between consecutive radio-locations divided by the number of days between these
consecutive tracking events. I compared mean DDM between sexes within sites, and between
sites within the sexes, using a 2-factor ANOVA. The data were log10 transformed to normalize
the data. I also compared my calculated DDM to those published for other Blanding’s turtle
populations.

Nesting Sites
In 2017, 1 GPS logger was deployed at the control site and 1 was deployed at the
impact site. The GPS logger was deployed at the control site on 21 June 2017, but it failed and
fell off the turtle (Table 2.1). The GPS logger was deployed at the impact site on 11 June 2018
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and offloaded on 18 July 2018 (Table 2.1). In 2018, GPS loggers were deployed at varying
times from 7 to 28 June and offloaded from 14 June to 20 July, with the exception of 2 loggers
on turtles that could not be hand-captured until 14 August and 12 October (Table 2.1).
Data from the GPS loggers were downloaded and tabulated in Excel. Distance
travelled from water to nest site (m) was measured in ArcGIS and the buffer tool was used to
create a 30 m buffer around each nest location as the general habitat description for Blanding’s
turtles classifies Category 1 habitat to be the area within 30 m of nesting and overwintering
sites (OMNRF 2013). A second buffer of 240 m was also created around nesting sites to
delineate critical habitat (ECCC 2018). To understand how far females were travelling to nest,
the distance from the wetland of origin was measured. If wetland of origin was known, the
straight-line distance was measured from the nest to the wetland of origin. When the wetland
of origin was unknown, the straight-line distance from the nest to the nearest waterbody was
measured. Nesting sites were confirmed by ground-truthing and visual inspection. If nesting
sites were not found, GPS logger data were used to make the best estimate using GPS points in
combination with habitat type (rocky outcrops) and telemetry data. All nesting sites found with
GPS loggers, VHF transmitters, or by opportunistic nesting observations were recorded, and
UTM coordinates for these locations were mapped in ArcGIS with 30 m buffers.

Winter Ecology
Overwintering areas were identified using telemetry data collected from 38 different
Blanding’s turtles between September to December of 2017 and September to December 2018.
Turtle location points were loaded into ArcGIS and the entire wetland where an overwintering
turtle was identified was labelled as an overwintering area (Category 1 habitat). The polygon
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tool was used to create a polygon around the wetland and the buffer tool was used to create a
30 m buffer around the polygons as per the Category 1 general habitat description for
Blanding’s turtles (OMNRF 2013).
Winter temperature data were collected only at the impact site using water-proofed
iButton data loggers (model DS1921G-F5 Thermochron 4k). Three different methods were used
to collect temperature data. Turtles outfitted with VHF radios were outfitted with water-proofed
iButtons (n=5) to monitor overwintering temperatures using previous techniques (Gasbarrini
2016). Temperature data loggers attached to bricks (n=4) were submerged underwater in
wetlands where turtles were overwintering to make a general comparison between where turtles
chose to overwinter versus other areas in the wetland with similar characteristics (water depth,
vegetation cover). Bricks were 10 cm tall, a height similar to the average height of a Blanding’s
turtle. String was used to tie each brick to a tree, and flagging tape was used to mark the tree. To
collect ambient air temperature data, iButtons were placed on trees at a height of 1.5 m (n=2;
Gasbarrini 2016). The loggers on the trees were wrapped in the finger of a dissecting glove to
further protect from water damage, and flagging tape was used to mark the trees. GPS points
were taken for each data logger to aid in the collection process. A total of 17 temperature data
loggers were deployed in the field to record data over the 2017/2018 winter. Temperature data
were extracted from iButtons and graphed to examine turtle and environmental temperatures
during overwintering.

Results
Population Ecology

21

Blanding’s turtles were found in almost every wetland, waterbody or creek surveyed at
the impact and control sites (Figure 2.01). Male to female sex ratios were approximately equal at
the impact site (χ2=1, df=1, p=0.4) and control site (χ2=2.3; df=1, p=0.2; Table 2.2). Only one
juvenile was found at the impact site, and no juveniles were found at the control site (Table 2.2).
Snapping turtles (Chelydra serpentina) and painted turtles (Chrysemys picta marginata) of
different age classes were also observed at both sites.

Population Sizes and Densities
A total of 56 different Blanding’s turtles were captured at the impact site, with 31
recaptured at least once. A total of 13 Blanding’s turtles were captured at the control site, with 3
recaptured at least once (Table 2.2). If a turtle was recaptured at any point in either of the
2017/2018 or 2018/2019 seasons, not using radio telemetry, it was counted as a recapture. Using
the Lincoln-Peterson model, estimated population size was 79.6 (95% CI= ±17.9) turtles at the
impact site, and 16.0 (95% CI= ± 5.0) turtles at the control site. The size of wetlands used by
turtles was approximately 43.0 ha at the impact site and 49.3 ha at the control site, yielding
population densities of 1.8 turtles/ha at the impact site and 0.3 turtles/ha at the control site.

Body Size and Condition
Frequency histograms showed different body size distributions at the control and impact
sites (Figure 2.02). Males at the control site had significantly larger midline carapace length
(MCL; t=-3.3, df=32, p=0.002), carapace width (t=-3.5, df=32, p=0.001) and body mass (t=-4.4,
df=33, p<0.001) than males at the impact site (Table 2.2). Females at the control site also had
significantly larger midline carapace length (t=-4.5, df=29, p<0.001) and mass (t=-3.4, df=31,
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p=0.002) than females at the impact site, but female carapace width did not differ between sites
(t=-1, df=30, p=0.4; Table 2.2). Turtle body condition (mean of regression residuals) did not
differ between the impact site and control site (t=0, df=62, p=1; Figure 2.02). Body condition did
not differ between spring and fall (t=0, df=20, p=1; Figure 2.03) for turtles at the impact site.

Spatial Ecology
Home Ranges and Daily Distance Moved (DDM)
I observed turtles in a variety of habitats including alder swamps, vernal pools, wet
meadows, lakes, mixed forest, sphagnum mats and rocky outcrops. Both MCPs and kernels
were used to calculate home range sizes but the area of MCP was used to calculate a
smoothing factor (h) making home range sizes (ha) for kernels and MCPs equal. Home range
sizes did not differ between sites within sexes (F=0.7, df=1, 20, p=0.4; Figures 2.05, 2.06) or
between sexes within sites (F=2.7, df=1, 20, p=0.1; Figure 2.05). The turtle with the largest
home range was a male at the impact site (69.1 ha). DDMs did not differ between sites within
sexes (F=0.4, df=1, 22, p=0.8; Figure 2.06) or between sexes within sites (F=0.2, df=1, 22,
p=0.6; Figure 2.07). The turtle with the greatest DDM was a male at the control site (116.0
m/day).

Nesting Sites
In the 2017 field season, researchers found 1 gravid female on 2 June 2017 and she
nested on 11 June 2017 (Table 2.3). In the 2018 field season, the first gravid female was found
on 2 June 2018 and the first female nested between 12 and 15 June 2018 (Table 2.3). Of the 16
GPS loggers deployed, 2 did not produce data due to researcher error and 1 fell off the turtle
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(Table 2.3). A total of 15 nesting sites were found at the impact site and 3 were found at the
control site (Table 2.3; Figure 2.08). All 18 nesting sites were on rocky outcrops, which is
common nesting habitat for freshwater turtles the geographic region (Litzgus and Brooks
1998; Litzgus and Mousseau 2006; Markle and Chow-Fraser 2014). Each nest site showed
multiple signs of nesting activity including test-pitting and predated nests, and one site had 4
different Blanding’s turtle nests in an area approximately 1 x 0.3 m (Table 2.3, Figure 2.08).
All nests were laid in rock crevasses where soil depth was approximately 10 to 30 cm.
Turtles at the impact site moved an average of 278.2 ± 132.7 m from their home
wetland to nest, and turtles at the control site moved 93.0 ± 129.9 m to nest (Table 2.3, Figure
2.09). Of the 10 turtles with GPS loggers at the impact site, nesting movements took between 2
to 14 days with an average of 6.0 ± 3.9 days (Table 2.3). GPS logger data retrieved from 1
turtle at the control site showed a nesting foray of 5 days (the second set of GPS data from the
control site could not be retrieved due to researcher error). A game camera placed at a known
nesting site captured nest predation by black bear (Ursus americanus) (Figure 2.09), a site visit
by red fox (Vulpes vulpes fulvus) (Figure 2.10), and nest-searching by a Blanding’s turtle
(Figure 2.11).

Winter Ecology
A total of 12 wetlands were identified that housed overwintering turtles at the impact
site and 7 at the control site (Figure 2.12). A total of 43 turtles were found in overwintering
sites in the 2017/2018 winter season and 41 were found in the 2018/2019 season (69 impact
observations in both winters combined, and 15 control observations in both winters combined;
Table 2.4; Figure 2.12). Of the 43 turtles whose overwintering sites were confirmed in the
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2017/2018 season, 28 individual’s overwintering sites were also found in the 2018/2019
season, and 20/28 (71%) returned to the same wetlands to overwinter in both winters. All of
the turtles used overwintering sites within 240 m of their active season wetlands.
Water depth in overwintering sites ranged from approximately 30 cm to 150 cm before
ice formation. In 8 of the 69 (12%) overwintering observations at the impact site, turtles were
overwintering in areas where no other turtle was found overwintering (Figure 2.12). In 2 out of
the 15 (13%) overwintering observations at the control site, turtles were found overwintering
where no other turtle was found overwintering (Figure 2.12). I cannot know with certainty that
these sites were used by individual turtles as other turtles may have been present but just not
detected. I found 59 of the 69 (86%) overwintering observations at the impact site to be in
wetlands where other turtles were found overwintering, and 13 of 15 (87%) observations at the
control site (Table 2.4).
Mating clusters were observed in the fall in overwintering areas (Table 2.4). On 27
September 2017, I observed 5 Blanding’s turtles (3M, 2F) in an area approximately 2 m2 in a
wetland totaling 2.3 ha; 2 turtles were mating and the 3 others were in close proximity. On 22
October 2018, I observed a similar situation in a different wetland. In an area approximately 2
m2, with a total wetland area of approximately 4.2 ha, I observed 6 Blanding’s turtles (3M,
3F); 2 turtles were mating, and again, the other 4 turtles were in close proximity.
Temperature data loggers (iButtons; n=7) were retrieved on 10 October 2018. The
remaining iButtons (n=4) could not be recovered because they were lost during spring melt,
fell off the bricks, or were assumed to be removed and cached by small mammals. Out of the 7
iButtons retrieved, 4 produced useable data (2 were damaged and one was not programmed).
Ambient air temperature fluctuated widely with time, day and season (Figure 2.13). Estimated
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turtle body temperature did not drop below freezing and consistently hovered at or slightly
above freezing from December 2017 to May 2018 (Figure 2.13). The iButton placed on a brick
in a suitable overwintering area remained at a consistent temperature; however, this water
temperature dropped to -0.5C and remained below freezing from February to May 2018
(Figure 2.13).

Provincial and Federal Mapping
Habitat maps were created using the provincial legislation’s 30 m minimum and 250 m
maximum buffers (Fig. 2). Total categorized habitat using the 30 m buffer was 66.6 ha (62.6%
of the 115 ha of land in the proposed quarry boundary). Of the total categorized habitat, 14.8
ha (12.9% of the 115 ha quarry) was Category 1 habitat, 26.2 ha (22.8% of the 115 ha) was
Category 2 habitat, and 25.6 ha (22.3% of the 115 ha) was Category 3 habitat. Using the 250
m maximum provincial buffer, 114.8 ha (100% of the 115 ha) was categorized habitat, and
Category 3 habitat increased to 73.8 ha (64.2% of the proposed 115 ha). Maps were also
created using the federal legislation’s 240 m buffer around turtle occurrences (Fig. 3); 113.9 ha
(99.9% of the 115 ha quarry) were categorized as critical habitat for Blanding’s turtles.

Discussion
Population Ecology
Mark-recapture surveys allowed for turtles to be found in wetlands and waterbodies
and for Category 2 habitat to be identified. I found a large number of Blanding’s turtles at both
sites, especially the impact site, likely reflecting the pristine nature of this area in Algoma
District. The density of the population at the impact site (1.8 turtles/ ha) is the highest density
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of Blanding’s turtles reported in Ontario, followed by a population in Southern Ontario with a
density of 1.4 turtles/ ha, and a population in South Central Ontario with a density of 0.6
turtles/ ha (COSEWIC 2016). Of the other 19 populations listed in the COSEWIC report, 6 of
the densities were either too low to calculate, too few turtles were captured to get a reliable
estimate, or densities were simply not calculated (COSEWIC 2016). The remaining 13
densities reported range from 0.05 to 0.4 turtles/ha with an average of 0.2 ± 0.08 turtles/ha
(COSEWIC 2016). These comparisons stress the need for more research in the northern range
limit for this species. The Ontario reptile and amphibian atlas (ORAA;
https://ontarionature.org/programs/citizen-science/reptile-amphibian-atlas/) is a reputable
source, used by government authorities and the like, to gather data on the distribution of SAR
reptiles and amphibians in Ontario. In Algoma District, as well as in the surrounding area,
large gaps exist for occurrences of Blanding’s turtles (ORAA). My findings also stress the
need for research before construction projects are approved, as the size of the Blanding’s turtle
population at my site was unknown prior to my study.
Fewer turtles were captured at the control site compared to the impact site (Table 2.1). In
the 2017 field season (which did not commence until June, after spring emergence), the focus
was on locating a suitable control site rather than surveying at the control site, per se. More
transmitters were deployed at the impact site to allow me to explicitly identify nesting and
overwintering sites where the threat of destruction from quarrying was imminent. In the 2018
field season, the search effort was approximately equal at the impact and control sites (~2880
hours/site) and knowing the population at the impact site was larger, I placed a proportionate
number of transmitters at each site. At the impact site 29/56 (52%) captured turtles were outfitted
with radios, and at the control site 9/13 (69%) were outfitted with radios (see below).
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Adult male and female turtle body sizes (MCL and mass) were larger at the control site
compared to the impact site. However, larger turtles are not necessarily older turtles as turtles
exhibit indeterminate growth (Congdon and van Loben Sels 1993; Congdon et al 2018).
Variation in size amongst turtles is largely dependent on juvenile growth rates and size at
maturity (Congdon and van Loben Sels 1993; Congdon et al 2018). Taking into account that
wetland sizes at both sites are similar (43.0 ha impact; 49.3 ha control), dissimilar turtle size
distributions may suggest that resources are more abundant at the control site, allowing juveniles
to increase growth rates and reach a larger size at sexual maturity relative to turtles at the impact
site. However, if we consider turtle biomass at each site, using wetland size and total mass of
turtles found, turtle biomass at the impact site (1924 g/ha) was 4 times larger than biomass at the
control site (474 g/ha), suggesting that resources are more abundant at the impact site. Body
condition did not differ between the impact and control sites (Figure 2.03) suggesting that turtles
are of similar health at both sites; body condition has been used in studies of turtles to make
inferences about individual health and fitness (Packard et al 1999; Jessop et al 2004; Litzgus et al
2008).
In addition to providing novel population ecology data, my study is intended to serve as
the “before” period of a Before-After-Control-Impact (BACI) study, if the quarry is approved.
After the quarry is built and is operational, the “after” study should target measuring the body
condition of the same turtles that I measured at both the impact (quarry) and control sites. If a
decline in body condition is observed at the impact site but not the control site, then it can be
concluded that the quarry has had a negative impact on turtle health. My data are essential for the
BACI study because we need to understand the initial population size, and individual turtle
morphology and body condition, to serve as the baseline for comparisons during and after quarry
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construction and operation. The inclusion of a control site ensures that changes observed are not
due to landscape factors other than the quarry.

Spatial and Winter Ecology
Spatial ecology data were essential to identify terrestrial habitat used by Blanding’s
turtles, and allowed for observations of seasonal habitat use when turtles were not basking or
visible in water. Spatial ecology data also allowed for Category 1, 2 and 3 habitats to be
identified. Blanding’s turtles in my study did not move more than 240 m from their active
season wetlands (other than to nest). These data are important because they support current
federal and provincial legislation requiring a terrestrial buffer to protect Blanding’s turtle
habitat (OMNRF 2013; COSEWIC 2016; ECCC 2018). Blanding’s turtles in my study had
different home range sizes than turtles in other studies. Edge et al. (2010) reported annual
home range sizes of turtles in Algonquin Provincial Park almost twice the size of those of my
turtles; yet both populations are at northern latitudes where habitat productivity is presumably
relatively low. Millar and Blouin-Demers (2011) found much smaller home range sizes on
Grenadier Island, a more southern location in Ontario in a heavily developed area. Turtles in
my study had suitable habitat all around them, but as opposed to having large home ranges,
had some of the smallest home rnages reported in the literature. Studying individual
populations, in different ecozones, facing various levels of anthropogenic development, is
critical to understanding the spatial ecology of Blanding’s turtles.
Turtles at both of my study sites had relatively small DDMs compared to other studies.
Millar and Blouin-Demers (2011) found that turtles moved over 4 times the distance of turtles
in my study during the active season. However, Millar and Blouin-Demers (2011) only
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examined turtle movements from May to August, whereas my study examined movements
from April to October. Rowe and Moll (1991) found similar DDMs to mine in their population
in Illinois; however, Rowe and Moll (1991) observed DDM only during May to August and
only in activity centres, habitat visited for 5 or more consecutive days (Rowe and Moll 1991).
I did not use activity centres and if Rowe and Moll (1991) did not, I suspect that their DDMs
would be larger. Edge et al. (2010) found Blanding’s turtle DDMs in Algonquin Provincial
Park to be approximately double the size of the DDMs found in my study. The study site in
Algonquin Park, where logging takes place and where human recreational use is high, was
adjacent to human development, and therefore not as pristine as my study sites. This leads me
to suggest that my turtles are moving less due to the pristine habitat in which they are located.
They have all the resources necessary and many different wetlands to move between in close
proximity, so they do not need to make extensive daily movements. This is a hypothesis that
could be tested during the BACI study because the construction of a quarry will inevitably
degrade the habitat, presenting risks from predation, destroying unknown refuge locations,
hibernation and nesting sites. This is especially a problem if Blanding’s turtles show fidelity to
these sites. If turtles are found to be travelling further distances once the construction begins,
this would support my hypothesis. These movement and home range size data are essential for
the BACI study, as they will facilitate comparisons to data from the “after” study.
A total of 18 nests were found during my study, 10 of which were found using GPS
loggers. GPS loggers provided coordinates of nest locations to about +/- 5 m accuracy and
identified a specific search area that could then be ground-truthed. Rowe and Moll (1991) and
Millar and Blouin-Demers (2011) found gravid females making average movements of
approximately 900 m from their wetland of origin to nest. My turtles moved 3 times less
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(278.20 ± 132.68 m) to reach nesting sites at the impact site, and 9 times less (93.0 ± 129.9 m)
at the control site, again suggesting that habitat resources are in close proximity, likely because
the habitat matrix is relatively pristine. The dense canopy cover of the undisturbed terrestrial
habitat and intermittent swamps on the way to nesting sites, allow for a safe and short journey
to these locations and the ability to spend longer periods of time away from seasonal wetlands.
However, because only 3 nests were found at the control site, and only 1 GPS logger was
successfully deployed, an additional season of nesting data should be collected at the control
site to determine a more accurate distance from home wetland to nest site. The individual who
had a faulty GPS logger was found approximately 300 m from water a few days before she
nested, suggesting that she may have nested around that location. The other female with a
functional GPS logger nested 242 m away from her wetland of origin, so I suspect these
numbers are closer to the average distance travelled to nest at the control site. Blanding’s
turtles display nest site fidelity (Congdon et al 2008; Standing et al 1999); however, the only
turtle for which I have 2 consecutive years of nesting data did not nest on the same rock
outcrop, but her two nests were only 100 m apart.
Nest site identification is important from a conservation and management perspective
because it allows for these areas to be protected. All nesting sites (Category 1 Blanding’s turtle
habitat; OMNRF 2013) identified in my study were integrated into my final habitat
categorization maps (Figures 2.14, 2.15). These nesting locations are also important for the
BACI study because they are chosen by females for a number of specific characteristics. Turtle
travel corridors and distances between home wetlands and nest sites should be quantified
during the “after” component of the BACI study.
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Overwintering sites are also classified as Category 1 habitat for Blanding’s turtles
(OMNRF 2013). In order to protect this species, we need to ensure overwintering survival by
identifying and protecting these sites. The first turtles were found emerging from and basking
in overwintering sites on 28 April 2018. However, iButton data revealed turtles basking as
early as 12 April 2018 (Figure 2.13), although ice was not off until about 28 April 2018.
Observing turtles basking after 28 April 2018 may also be a case of survey bias due to safety
issues related to traversing on melting ice in the spring. Sites with deeper water could not be
surveyed when ice first began to melt as they were not accessible by canoe and it was unsafe
to walk on the ice surface. Sites in areas of shallow water were not disturbed until deep water
sites were accessed so as not to disrupt the thermal regimes of the wetlands where the turtles
were located.
Many of the Blanding’s turtles in my study exhibited fidelity to overwintering sites.
Newton and Herman (2009) suggested that Blanding’s turtles return to the same overwintering
sites each year to increase mating opportunities; they found at least 46 turtles overwintering in
7 sites, a number similar to observations at the impact site in my study. Edge et al (2010)
found turtles overwintering in bogs, fens and marshes. In my study, turtles overwintered in
marshes and swamps. Seburn (2010) suggests that in some cases, turtles will use active season
habitat as overwintering habitat; however, only protecting areas where turtles have been
observed basking can result in a lack of protection for overwintering sites. Identifying these
important sites is essential for proper mitigation because once identified, these areas can be
protected from development. Polygons were created around all overwintering sites (Category 1
Blanding’s turtle habitat; OMNRF, 2013) and integrated into my final habitat categorization
maps (Figures 2.14, 2.15).
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The surfaces of all overwintering areas froze over and iButton data indicated that
turtles remained in the water column at temperatures between 0.5 and 1.5 ºC for the majority
of the winter. My results were similar to those of Edge et al (2009) conducted at a similar
latitude in Algonquin Park. Newton and Herman’s (2009) study found that the surfaces of
some overwintering sites did not freeze over, and they observed turtles coming up for air
during the winter months, but their study was conducted on a Maritime population where
winters were not as harsh as in Algoma District and Algonquin Park.
Quantification of winter thermal ecology data is important because turtles in northern
latitudes spend almost half of their lives overwintering, so such data are important in
management and conservation contexts. Turtles need precise conditions to avoid metabolic
and respiratory acidosis, freezing and predation during winter (Ultsch 1989; Edge et al 2009;
Newton and Herman 2009). Colder temperatures and hypoxic conditions cause turtle
movements to become slow, so turtles entering into and emerging from winter torpor are more
vulnerable to threats of predation or disturbance compared to other times of the year (Ultsch
1989; Newton and Herman 2009). If an overwintering site is targeted by predators, such as
was suggested by Gasbarinni (2016) in the case of otters (Lontra canadensis) in Misery Bay
Provincial Park, then a large proportion of the breeding population could be lost, potentially
resulting in extirpation (Newton and Herman 2009; Keevil et al 2018). An understanding of
these winter conditions would greatly aid mitigation and management efforts. In addition, an
understanding of how and when turtles are moving in and out of overwintering sites would
allow for proper management during any activities that could alter hydrology. I identified
overwintering sites, which will not only aid in the protection of Blanding’s turtles during
development, but will assist in the BACI study. The characteristics of overwintering locations
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can be compared before and after the development of the quarry, and identified overwintering
sites can be protected and monitored during construction to ensure their integrity.
Significance of Study
Long term Before-After-Control-Impact (BACI) studies are recommended to examine
effects of environmental change (Lesbarrères and Fahrig 2012; Smokorowski and Randall,
2017). Without this experimental approach, changes in abundance and density are just a few
factors that would be missed during development (Price et al 2011). BACI designs have been
conducted in a road ecology context (e.g., Baxter-Gilbert et al 2015; Colley et al 2017; Markle
et al 2017), but few if any studies have been conducted for surface mining impacts. Overall
Benefit Permits (OBP) allow developers to move forward with a construction project when
SAR are present, on the grounds that they provide mitigation measures that benefit the species
whose habitat is being altered (OMNRF 2012). Oftentimes, projects are approved before
enough prior research has been done on habitats where SAR are present, resulting in poor
mitigation and little overall benefit for the species. OBPs present an opportunity for scientists
to conduct BACI studies to assess the effectiveness of mitigation measures and suggest
improvements before, as well as after, the development is complete. BACI studies also can be
used to influence current and future legislation regarding development in SAR habitats.
I have categorized and identified all critical habitats for Blanding’s turtles present at
the control site and the impact site (Figures 2.14, 2.15). Maps were created using both
Provincial and Federal legislation to demonstrate the difference in protection based on the
level of government. The federal SARA applies when working on federal lands, while the
provincial ESA applies on private and public lands. The provincial maximum terrestrial buffer
is 250 m (Figure 2.14b), and the federal buffer is 240 m (Figure 2.15). Given my data, if either
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legislation were applied to the Blanding’s turtle locations at the impact site, then the quarry
would not be permitted because critical habitats would directly and indirectly impacted.
The identification of these habitat features has already informed adjustments to the
quarry footprint and access road location to avoid Category 1 habitats (Jim Trottier, pers.
comm.). Proper mitigation will ensure safe passage of turtles through their habitats thus
minimizing impacts on the population. Categorizing the habitat of these Blanding’s turtles, as
well as understanding their spatial, thermal and population ecologies, are essential for the
development of mitigation strategies when facing anthropogenic development and land use
changes. These data can be used during the construction process to assess the success of the
implemented mitigation strategies and can also be used once the quarry is in operation to
reassess the mitigation strategies and the health of the population (using body condition,
population size estimates, etc.). My study is a model that does not solely apply to Ontario’s
Blanding’s turtles; this approach can be used in all areas where SAR turtles are present and
mitigation measures are required.
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Table 2.1 GPS loggers placed on gravid female Blanding’s turtles (E. blandingii), including
dates deployed and removed in the 2017 and 2018 nesting seasons.
GPS logger
ID

Date GPS logger
Deployed

BLTU0001

211/447

BLTU0003
BLTU0006
BLTU0010

437
441
212/440

BLTU0040
BLTU0044
BLTU0072
BLTU0080
BLTU0090
BLTU0110

452
453
445
435
439
434/444

11 June 2017/
14 June 2018
15 June 2018
14 June 2018
14 June 2017/
8 June 2018
7 June 2018
7 June 2018
7 June 2018
7 June 2018
28 June 2018
19 June 2018/
28 June 2018
21 June 2018
8 June 2018
7 June 2017

Turtle ID

BLTU0140
BLTU0220
BLTU0240
Y=yes, N=no

449
450
443

Date GPS logger
Removed
18 July 2017/
26 June 2018
21 June 2018
19 June 2018
Fell off/
20 June 2018
14 June 2018
19 June 2018
19 June 2018
14 August 2018
12 October 2018
28 June 2018/
3 July 2018
20 July 2018
20 June 2018
25 June 2018

Nest with
Eggs
Located?
Y/N
Y
N
N/N
Y
N
Y
N
N
Y
Y
N
Y
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Table 2.2 Population ecology and mean morphometric data for Blanding’s turtles (E. blandingii)
captured in the control and impact sites in Algoma District, Ontario.
Variable
Turtles Captured (Recaptures)

Control Site
13 (3)

Impact Site
56 (31)

Lincoln-Peterson Population
Size Estimate

16

80

Body Mass (g)
Males
Females

1847.50 ± 181.72*
1711.00 ± 183.73*

1574.89 ± 143.51
1432.68 ± 167.93

Midline Carapace Length (cm)
Males
Females

23.71 ± 0.54*
23.08 ± 0.59*

22.71 ± 0.80
21.62 ± 0.61

Carapace Width (cm)
Males
Females

16.16 ± 0.84*
15.18 ± 1.36

15.30 ± 0.53
14.52 ± 0.60

Male: Female
8:5
± standard deviation
*significant difference between sites

26:28 (+ 1 Juvenile)
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Table 2.3 Blanding’s turtle (E. blandingii) nesting sites found with radio telemetry, GPS
loggers and nesting surveys at control and impact sites in Algoma District, Ontario.
Site

Nesting Site Turtle ID
ID

Impact
Impact
Impact
Impact
Impact
Impact
Impact
Impact
Impact
Impact
Impact
Impact
Impact
Control
Control
Impact
Impact

12
22
32
42
5
6
72
82
92
103
112
12
13
14
15
162
172

0003
0006
0072
0110
0140
0240
Unknown1
Unknown2
Unknown3
0107
0001 (2017)
0080
0044
Unknown4
Unknown5
0001 (2018)
0090

Nesting Foray
duration (Days)

Distance from
Nearest
Waterbody (m)
3111
1731
1361
2281
1791
2111
311
311
316
311
103
6241
1741
18
18
3411
4441

5 (15-20 June 2018)
2 (14-16 June 2018)
2 (10-12 June 2018)
9 (21-30 June 2018)
9 (18-27 June 2018)
8 (9-17 June 2018)
?*
?*
?*
?*
?*
2 (11-13 June 2018)
4 (12-16 June 2018)
?*
?*
5 (15-20 June 2018)
14(28June-12July
2018)
Control
18
0010
5 (13-18 June 2018)
2431
1
If waterbody if origin was known, straight-line distance from nest to nearest waterbody was
calculated
2
Nest found using GPS logger data
3
Nest found using game camera
*Nesting forays were unknown for turtle nests found opportunistically
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Table 2.4 Blanding’s turtle (E. blandingii) overwintering sites found using radio telemetry and
while surveying known overwintering sites at the control and impact sites in Algoma District,
Ontario.
Site

Overwintering Site
Name

Mating
Season (Winter 2017/2018
Observed? and/or Winter 2018/2019)

Long Lake Wetland 1

Number of
Turtles Found
Overwintering
at Site
11, 8

Impact
Impact
Impact
Impact
Impact

Long Lake Swamp 1
Long Lake Swamp 2
End of Long Lake
Long Lake Wetland 2

3
1
3
1

N
N
N
N

Impact
Impact

Long Lake Inlet 1
Wetland A

1
2, 3

Y*
Y

Impact

Wetland A Creek

3, 2

N

Impact

Wetland A Swamp 1

2, 1

N

Impact
Impact
Impact

Long Lake Past Bridge
Wetland A Far
Lake A

2
1
8, 3

Y
N
Y

Impact

Lake B

9, 3

Y

Impact

Lake B Wetland 2

1, 1

N

Control
Black Creek 1
3
Control
Black Creek 2
2
Control
Black Creek Past Dam 2
Control
Black Creek Far 1
2
Control
Black Creek Far 2
2
Control
Control Wetland 1
4
Control
Old Control Wetland 1 1
*Mating activity observed in late spring/summer
Y=yes, N=no

Y

N
Y
Y
Y
Y
N
N

2017/2018,2018/2019(Fall
only)
2018/2019(Fall only)
2018/2019(Fall only)
2017/2018
2017/2018,2018/2019(Fall
only)
2017/2018
2017/2018,2018/2019(Fall
only)
2017/2018,2018/2019(Fall
only)
2017/2018,2018/2019(Fall
only)
2018/2019(Fall only)
2018/2019(Fall only)
2017/2018,2018/2019(Fall
only)
2017/2018,2018/2019(Fall
only)
2017/2018,2018/2019(Fall
only)
2018/2019(Fall only)
2018/2019(Fall only)
2018/2019(Fall only)
2018/2019(Fall only)
2018/2019(Fall only)
2017/2018
2018/2019(Fall only)
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A

B

Figure 2.01 Blanding’s turtles (E. blandingii) captured (purple dots) at the control (A) and
impact sites (B). Blue line indicates proposed quarry outline.
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A

B

48

Figure 2.02 Frequency histograms for body mass (g; A) and midline carapace length (MCL,
cm; B) of Blanding’s turtles (E. blandingii) captured at the control (dark blue) and impact
(light blue) sites.

49

3.36

3.31

Log Mass

3.26

3.21
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y = 2.87x - 0.67
R2= 0.56
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3.01
1.29

y = 2.45x - 0.12
R2= 0.64
1.31

1.33

1.35

1.37

1.39

1.41

Log MCL
Figure 2.03 Body condition index measured as the residuals of the regression of log body mass
(g) on log midline carapace (MCL, cm) comparing adult E. blandingii at control (red) and
impact (blue) sites. The lines of best fit are shown for both sites. Turtle body condition did not
differ between sites (t=0, df=62 p=1).
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y = 2.57x - 0.28
R2= 0.76
y = 2.81x - 0.60
R2 = 0.81
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1.32
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1.38
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Figure 2.04 Body condition index measured as the residuals of the regression of log body mass
(g) on log midline carapace (MCL, cm) comparing adult E. blandingii measured in the spring
(blue; mean = 2.47 x 10-16) and fall (red; mean = 2.44 x 10-16) at the impact site. Body
condition did not differ between spring and fall (t=0, df=20, p=1).
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Figure 2.05 Home range sizes of male and female Blanding’s turtles (E. blandingii) at impact
(5M, 13F) and control sites (3M, 3F) in Algoma District, Ontario. Home range sizes did not
differ between sites within sexes (F=0.7, df=1, 20, p=0.4) or between sexes within sites (F=2.7,
df=1, 20, p=0.1). The turtle with the largest home range was a male at the impact site (69.1 ha).
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A

B

Figure 2.06 Home ranges of Blanding’s turtles (Emydoidea blandingii) at control (n=6, A) and
impact (n=17, B) sites in Algoma District, Ontario. Home ranges were estimated as 95% kernel
density estimates equal to 100% minimum convex polygon areas. Blue line indicates quarry
boundary.
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Figure 2.07 Daily distances moved by Blanding’s turtles (E. blandingii) at impact (5M, 13F)
and control (3M, 3F) sites in Algoma District, Ontario. DDMs did not differ between sites
within sexes (F=0.4, df=1, 22, p=0.8) or between sexes within sites (F=0.2, df=1, 22, p=0.6).
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A

B

Figure 2.08 Category 1 Blanding’s turtle (E. blandingii) nesting sites with 30 m buffers (OMNR
2013) identified by nesting surveys and GPS loggers at the control (A) and impact (B) sites. Blue
line indicates quarry boundary.
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Figure 2.09 Black bear (U. americanus) found predating Blanding’s turtle (E. blandingii) nest on
25 June 2018. Note that trail camera dates do not match actual date.
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Figure 2.10 Eastern red fox (V. fulvus) assumed to be predating Blanding’s turtle (E. blandingii)
nest on 6 July 2018. Note that the trail camera date does not match actual date.
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Figure 2.11 Blanding’s turtle (E. blandingii) nest-searching on 1 July 2018 in an area where 3
females previously nested. Note eggshells from previously-predated turtle nest visible in the
photo. The trail camera date does not match actual date.
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A

B

Figure 2.12 Blanding’s turtle (E. blandingii) locations (diamonds) and Category 1 overwintering
sites with 30 m buffers (OMNR 2013) in the 2017/2018 and the 2018/2019 winters at the control
(A) and impact (B) sites. Blue line indicates quarry boundary.
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A

B
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Figure 2.13 Winter temperature data collected at the impact site for 2 turtles (blue and green) and
a brick (red) placed in a wetland to simulate where turtles were found overwintering (A) and air
temperature (purple; B).

A

B
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Figure 2.14 A) Final Blanding’s turtle (E. blandingii) habitat categorization map for the impact
site with a 30 m terrestrial habitat buffer (as per provincial habitat description minimum;
OMNRF 2013). B) Final Blanding’s turtle (E. blandingii) habitat categorization map for the
impact site with a 250 m terrestrial habitat buffer (as per provincial habitat description
maximum; OMNRF 2013).

Figure 2.15 Blanding’s turtle (E. blandingii) critical habitat unit map for the impact site.
Nesting sites are given a 150 m terrestrial buffer, and wetland complexes in the 2 km radial
distance of an observation have a 240 m terrestrial buffer placed around them (ECCC 2018).
All areas surrounded by the terrestrial buffer that fall inside the 2 km radial distance from a
Blanding’s turtle observation are defined as critical habitat units (ECCC 2018).
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Chapter 3:
Mitigation Recommendations
The suggested mitigations outlined below have been created based on the data I have
collected and are supported by relevant scientific literature.

1) Separate quarry construction into 3 sections to avoid critical habitat
The habitat categorization and critical habitat maps (Figures 2.14, 2.15, 3.1) for the
quarry (impact) site include large areas where telemetry and GPS data indicate no turtle
movements, nesting activity or overwintering sites. Although the absence of Blanding’s turtle
location points does not necessarily mean that they do not travel through these areas,
impacting these areas would present the least risk of damaging important habitat and the
turtles themselves. By dividing the quarry footprint into 3 sections as opposed to the 2 sections
currently proposed (“East” and “West” phases; Tulloch Environmental 2017), critical habitat
for Blanding’s turtles could be avoided (Figure 2.14; Figure 3.1). The habitat around the
proposed land bridge (Tulloch Environmental 2017) should be left intact, as the stream that
would be destroyed is a travel corridor and Category 2 habitat for multiple turtles moving to
two wetlands adjacent to the proposed quarry boundary. Turtles follow the same precise paths
from year to year to reach various waterbodies in their home range, and individuals are
disoriented when these paths are removed, or when the turtles themselves are translocated
(Roth and Krochmal 2015). For these reasons, all identified travel corridors around the
proposed quarry site (Figure 3.1) should be maintained.

2) Ecopassages and exclusion fencing on the access road and throughout quarry site

63

Improper exclusion fencing can lead to higher mortality rates for herpetofauna as
animals are able to access the road surface through breaches in the fencing and become
trapped, and are eventually injured or killed (Baxter-Gilbert et al 2015; Markle et al 2017).
Dispersal distance, which is the square root of the average home range size, can be used to
calculate the spacing between ecopassages (Bissonette and Adair 2008; Baxter-Gilbert et al
2015). The average home range size at the impact site was 23.7 ha, which gives a dispersal
distance of 486 m. Based on these calculations, the proposed placement of ecopassages by the
proponent’s consultant (Tulloch Environmental 2017) should facilitate turtle movements, and
2 additional ecopassages at the beginning and end of the access road would further support
turtle movements according to my spatial data (Figure 3.1). Reptiles may become stressed
when trying to find the entrance to ecopassages, exposing themselves to higher risk of injury
or predation. Maida et al (2018) reported that racers (Coluber sp.) and gartersnakes
(Thamnophis sp.) that spent copious amounts of time trying to navigate mitigation structures
died because the structures were placed too far apart and were dark in colour, making the areas
in close proximity to them intolerably warm.
I also recommend all mitigation structures and the new road be extended to the
highway rather than ending to Pronto Road, due to the levels of quarry traffic that will be
travelling from the highway to the quarry road (Figure 2.15). This recommendation arises from
a Blanding’s turtle sighting in a wetland adjacent to Pronto Road (Tulloch Environmental
2017). The sighting is less than 200 m from where the road mitigation is proposed to end and
the road bisects 2 wetlands. Turtles at the impact site had an average home range size of 23.7
ha (237 000 m2; Figure 2.05) so the road mitigation should protect the entirety of Pronto Road
that will be used for quarry operations.
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Material composition, placement and implementation are the key features to consider
when installing exclusion fencing (Baxter-Gilbert 2015; Markle et al 2017). In Payne’s Prairie,
Florida, a large concrete gravity wall with aquatic under-passes was built to mitigate mass
mortality of herpetofauna, and a BACI study showed a 90% reduction in road mortality postmitigation (Smith et al 2005). This mitigation design incurred a high implementation cost and
many years of planning and decision-making (Smith et al 2005). The predicted lifetime of the
quarry is 130 years (Tulloch Environmental 2017) and estimated traffic volumes are at a
minimum 50 trucks/day (12500 trucks/year) and a maximum of 90 trucks/day (22500
trucks/year), not including employees going in and out of the site during workdays (Paradigm
Transport Solutions Ltd 2017). This is an estimated 1625000 minimum number of vehicles
and 2925000 maximum number of vehicles during the lifespan of the quarry. Given this
persistent and high traffic volume, the mitigation structures put in place should be as longlasting as the quarry, especially given the density of Blanding’s turtles found at the impact site.

3) Pre-, During, and Post-construction monitoring of mitigation structures
Pre-, during and post-construction monitoring of mitigation structures and live turtles
should occur at the impact (quarry) site. This should consist of road surveys and camera traps
to assess the effectiveness of the implemented structures. Intensive daily road surveys should
be conducted during the spring, nesting season, and the fall when turtles make large
movements, and cameras should be placed at all ecopassages to monitor usage. Monitoring
should continue for the entire duration of road construction as well as after the quarry is in
operation to allow for ongoing assessment and adaptive management. After mitigation
structures are implemented, they are often no longer maintained, and they subsequently
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degrade (Baxter-Gilbert et al 2015; Colley et al 2017; Markle et al 2017). Frequent monitoring
of mitigation structures during times of intensive turtle movements will allow assessment of
the effectiveness of the ecopassages and exclusion fencing.

4) Avoid road construction and quarrying activities from April-October
Blanding’s turtles at the impact site were active from April to October, and still making
upland movements in early October, so I recommend that no construction occur during these
times. No blasting should occur near wetlands during the winter months when the turtles are
submerged in overwintering habitat because blasting may alter hydrology and temperature
profiles of wetlands, and this could lead to mortality, as Blanding’s turtles are known to
precisely select specific temperatures in wetlands during overwintering (Standing et al 1999;
Edge et al 2009; Newton and Herman 2009).

5) Educate quarry workers
At the time of writing this thesis, in Ontario, strict regulations exist when SAR are
found on construction sites. Sites must be checked before work begins so that SAR can be
moved from construction zones (OMNRF 2013). Sightings must be reported to the Natural
Heritage Information Centre within 3 months of the sighting (OMNRF 2013). I suggest that
each person entering the site receive SAR identification training and be informed of the
protocol, should a SAR sighting occur.

6) After Study
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This is one of the first studies where a BACI approach is possible. Due to the length of
time over which effects from the quarry will be observed, a study should be conducted during
the first few years of construction as well as when each phase is complete. This would allow
for a full understanding of how the construction and operation of the quarry is affecting the
local Blanding’s turtle population.

Overall Benefit for Blanding’s Turtles
Mitigation is required by law when developing land where SAR are present (SARA
2002; ESA 2007). Overall benefits are activities that will benefit the species as a whole, and
are above and beyond the requirements of mitigation; however, it is difficult to quantitatively
determine whether an overall benefit is really being achieved. My suggestion to achieve an
overall benefit for Blanding’s turtles in the northern limit of their range, is that the entirety of
the Robinson-Huron Treaty Lands should be surveyed in order to fill knowledge gaps and to
provide additional data about how quarry and other developments will impact SAR in the area.
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General Conclusion
This study stresses the need for further research on the spatial and population ecologies
of Blanding’s turtles in the northern limit of their range. One of the densest-recorded
populations with some of the smallest home range sizes and DDMs observed in the literature
resides in a previously unstudied area. It also stresses the need for “before” data collection in
order to make informed decisions during development projects.
My research is important from conservation and management perspectives, because if we
can better understand the spatial, population and thermal ecologies of Blanding’s turtles, then we
can plan projects around the requirements of the species and provide better mitigation and
overall benefit strategies. During this study, I identified critical habitat before quarry
construction, and the data have already been used to change the quarry footprint and avoid
Category 1 habitats (Tulloch Environmental 2017). The identification of critical habitat should
further inform and adjust the quarry footprint and access road location to avoid Category 1
habitats, and inform locations for mitigation such as exclusion fencing and ecopassages on the
access road. My recommendations could be used as a framework to be applied in Ontario and not
only to Blanding’s turtles, but should be used in all areas where SAR turtles are present and
mitigation measures are required.
My research is also important from an economic perspective because when mitigation
strategies are created well in advance and done correctly, very little maintenance is required.
Mitigation and conservation strategies should be created during the project planning stage of
development to maximize efficiency and minimize costs. It is important to remember that
mitigation for these species is not easy, and many species, including Blanding’s turtles, are
sensitive to development pressures, so including experts during this planning stage is essential.
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My research was conducted at a time when the Endangered Species Act (ESA) in Ontario
was under review (MECP 2019). A very important missing piece of information for government
decision-making is data on how well critical habitat delineation is working during development
projects and in situations where a landscape level approach would work best (Ontario Nature et
al 2019). My research aims to provide these data in the context of surface mining, and the “after”
study in the BACI design will further solidify the results and mitigation strategies I have
suggested. BACI studies should be included in the OBP legislation in Ontario and integrated
globally into future development projects where SAR are present. With over 61% of turtle
species being threatened or already extinct (Lovich et al 2018), conservation measures need to be
put in place to ensure the survival of Testudines; a lineage that survived a meteor but is
struggling to survive the Anthropocene.
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Figure 3.1 Final mitigation map for the quarry (impact) site including suggested ecopassage
locations, travel corridors for turtles (bright green), a road extension and extraction areas.
Category 1 includes nesting and overwintering sites, plus a 30 m buffer around these sites
(OMNRF 2013). Category 2 is the wetland complex including minimum convex polygons
(MCP) created from telemetry data and any waterbodies within 500 m of a species occurrence
(OMNRF 2013). Category 3 is an area 30 m from an occurrence buffering the suitable wetlands
and waterbodies (OMNRF 2013).
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Appendix
Table A1.1 VHF radio transmitters placed on Blanding’s turtles (E. blandingii) including dates
deployed and removed (unless still attached) for 2017 and 2018.
Turtle ID

Site

Transmitter ID

Date Transmitter
Deployed

BLTU0001*

Impact

148.438/148.683

BLTU0002
BLTU0003*

Control
Impact

149.483
149.362/149.823

BLTU0006*

Impact

149.101/149.942

BLTU0008
BLTU0009*

Control
Impact

149.322
149.141/149.521/
149.582

BLTU0010*

Control

148.460/149.703

BLTU0011*

Impact

149.222/149.722

BLTU0012*

Impact

149.181/149.482

BLTU0014*

Impact

149.641/149.644

BLTU0017
BLTU0020
BLTU0024
BLTU0027
BLTU0040*

Impact
Impact
Impact
Impact
Impact

149.782
149.141
149.930
149.742
148.942/149.912

BLTU0044
BLTU0050
BLTU0070*

Impact
Impact
Control

149.902
149.664
149.262/149.763

BLTU0072
BLTU0080
BLTU0090
BLTU0100
BLTU0101
BLTU0110
BLTU0120
BLTU0140
BLTU0200
BLTU0204

Impact
Impact
Impact
Impact
Impact
Impact
Impact
Impact
Impact
Control

149.502
149.883
149.861
149.222
148.801
149.422
149.603
149.263
149.181
149.325

11 June 2017/
29 April 2018
10 May 2018
27 September 2017/
15 June 2018
12 July 2017/
9 May 2018
1 August 2017
10 August 2017/
18 August 2017/
1 May 2018
21 June 2017/
23 May 2018
12 August 2017/
3 May 2018
12 August 2017/
5 October 2017/
17 May 2018
27 September 2017/
3 May 2018
27 September 2017
27 June 2017
5 October 2017
5 October 2017
27 June 2017/
5 June 2018
29 April 2018
30 April 2018
30 June 2017/
21 May 2018
1 May 2018
3 May 2018
3 May 2018
6 July 2017
3 May 2018
9 May 2018
9 May 2018
9 May 2018
6 July 2017
29 August 2018

Date
Transmitter
Removed
29 April 2018/
Pending
Pending
15 June 2018/
Pending
9 May 2018/
Pending
Pending
18 August 2018/
Pending
23 May 2018
3 May 2018/
Pending
5 October 2017/
17 May 2018
3 May 2018
Pending
Pending
Pending
27 October 2018
Pending
5 June 2018/
Pending
Pending
Pending
21 May 2018/
Pending
Pending
Pending
Pending
26 June 2018
Pending
Pending
Pending
Pending
25 July 2017
Pending
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BLTU0207
Control
149.624
22 October 2018
Pending
BLTU0220
Impact
149.364
12 May 2018
Pending
BLTU0240
Impact
149.442
17 May 2018
Pending
BLTU0270
Control
149.563
21 May 2018
Pending
BLTU0400
Impact
149.982
6 July 2017
Pending
BLTU0401
Control
149.742
23 May 2018
Pending
BLTU0700
Impact
149.101
7 July 2017
25 July 2017
BLTU0710
Control
149.383
1 October 2018
Pending
BLTU1000
Impact
149.322
7 July 2017
25 July 2017
BLTU7000
Impact
149.362
15 July 2017
Pending
*Turtles were tracked both seasons or given multiple transmitters in a single season
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