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Nesting sites in agricultural landscapes may reduce the
reproductive success of populations of Blanding’s Turtles
(Emydoidea blandingii)
A.B. Mui, C.B. Edge, J.E. Paterson, B. Caverhill, B. Johnson, J.D. Litzgus, and Y. He

Abstract: Almost all turtle species nest in terrestrial environments and maternal site selection represents a critical component
of nest success. Females use cues in the current environment to predict the future conditions for embryo development.
However, in disturbed landscapes, current and future conditions may not be correlated. We compared selection of nest sites by
Blanding’s Turtles (Emydoidea blandingii (Holbrook, 1838)) in a (relatively undisturbed) park and a (heavily disturbed) agricultural
landscape in Ontario, Canada, using field measurements and satellite imagery. Environmental variables were compared using
logistic regression and Akaike’s information criterion (AIC) based on data measured at nest (presence) and random (pseudo-
absence) locations. Specific environmental variables associated with site selection differed between study areas. Most notably,
NDVI (normalized difference vegetation index, a proxy for vegetation cover) increased significantly during the year at the
agricultural locale, corresponding with the growth of planted fields. No parallel change was observed at the park locale where
canopy cover remained more consistent. An increase in vegetation cover may alter nest temperatures and soil moisture.
Combined with the unpredictability in timing of crop sowing and harvesting, findings suggest that nests in agricultural fields
may act as ecological sinks and that other species nesting in similarly altered habitats may be subjected to the same threats.

Key words: Blanding’s Turtle, Emydoidea blandingii, nest-site selection, disturbance, agricultural landscape, sink, normalized
difference vegetation index, remote sensing.

Résumé : Presque toutes les espèces de tortues nidifient dans des milieux terrestres et la sélection du site par la mère constitue
une composante clé du succès du nid. Les femelles utilisent des signaux dans le milieu actuel pour prédire les conditions futures
pour le développement des embryons. Il se peut toutefois que, dans des paysages perturbés, les conditions présentes et futures
ne soient pas corrélées. Nous avons comparé la sélection de sites de nidification par des tortues mouchetées (Emydoidea blandingii
(Holbrook, 1838)) dans un parc (relativement non perturbé) et un paysage agricole (relativement perturbé) en Ontario (Canada)
en utilisant des mesures de terrain et des images satellites. Des variables du milieu ambiant ont été comparées en utilisant la
régression logistique et le critère d’information d’Akaike (CIA) à la lumière de données mesurées au nid (présence) et dans des
emplacements aléatoires (absence). Les variables du milieu ambiant associées à la sélection du site variaient selon la région
étudiée. L’IVDN (indice de végétation par différence normalisée, une variable substitutive du couvert végétal) augmentait
notamment de manière significative durant l’année au site agricole, reflétant la croissance des cultures dans les champs. Aucun
changement parallèle n’a été observé au site de parc, où le couvert végétal demeurait plus constant. Une augmentation de ce
dernier pourrait modifier la température et l’humidité du sol aux nids. Combinés au caractère imprévisible du moment des
semences et des récoltes, les résultats donnent à penser que les nids dans les champs agricoles pourraient agir comme puits
écologiques, et d’autres espèces nidifiant dans des habitats présentant le même type de changements pourraient être exposées
aux mêmes menaces. [Traduit par la Rédaction]

Mots-clés : tortue mouchetée, Emydoidea blandingii, sélection du site de nidification, perturbation, paysage agricole, puits, indice
de végétation par différence normalisée, télédétection.

Introduction
Almost all turtles, whether they are marine, terrestrial, river-

ine, or semiaquatic, undergo migrations of varying distances to
construct their nests in terrestrial habitats (Steen et al. 2012).
Aside from the selection of a suitable nest environment, turtles
provide no further parental care. Because incubation time for
freshwater turtle eggs ranges from 60 to 90 days (Packard et al.
1987; Cagle et al. 1993), female turtles likely use contemporary
environmental cues as predictors of the future nest-site condi-

tions (Kolbe and Janzen 2002; Hughes and Brooks 2006; López
et al. 2013). Site selection therefore is an important determinant of
offspring success and females must select a location that provides
appropriate conditions for embryo development, minimizes the
risk of flooding, and is within relatively close proximity to suit-
able overwintering sites for hatchlings (Kolbe and Janzen 2002;
López et al. 2013). Typical characteristics of successful nests in-
clude well-drained, and sparsely vegetated, loose sandy soil with a
low canopy cover (Hughes and Brooks 2006; Dowling et al. 2010).
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Variables such as slope, elevation, and soil composition may re-
main stable throughout an active season; however, others such as
soil temperature and moisture, which are related to the amount
of vegetation cover, can change from the time of nest construc-
tion to hatchling emergence, particularly in human-altered envi-
ronments.

Obtaining accurate data on vegetation cover across different
locations and temporal scales can be challenging; however,
satellite-derived imagery can provide this information. The nor-
malized difference vegetation index (NDVI) is an indirect measure
of surface vegetation that has provided numerous benefits for
ecological research. By exploiting the multitemporal feature of
satellite imagery, NDVI time-series data have been applied to
questions investigating the reproductive success of herbivores
with the onset and duration of vegetation growth (e.g., Pettorelli
et al. 2005) and to predict species occurrence across time (Osborne
et al. 2001; Mueller et al. 2008). In multitemporal studies of crop
growth, NDVI shows obvious benefits for providing information
on canopy closure over turtle nests as an indication of altered
understory temperature.

Thermal nest environments are especially important to turtles
because they exhibit temperature-dependent sex determination
and vegetation cover has been correlated with changes to below
canopy soil temperature and moisture (Carlson et al. 1990). Eggs
incubated at lower temperatures have been correlated with poor
development in Snapping Turtles (Chelydra serpentina (L., 1758)), as
well as a higher incidence of egg mortality due to mould (Yntema
1978). Studies on early development of Chinese Soft-shelled Tur-
tles (Pelodiscus sinensis (Wiegmann, 1835)) found that hatchlings of
eggs incubated in lower thermal environments were smaller and
performed poorly in locomotor tests compared with those incu-
bated at higher temperatures (Du and Ji 2003).

In human-altered areas, turtles have selected nest sites in
plowed fields, backyard flowerbeds, hydro line right-of-ways,
abandoned railroad beds, and roadsides (Joyal et al. 2001;
Grgurovic and Sievert 2005; Beaudry et al. 2010; Dowling et al.
2010; Edge et al. 2010; Paterson et al. 2013). While these anthropo-
genic nest sites can provide habitats that are similar to natural
sites, development and overall success of eggs and hatchlings may
be negatively impacted (Kolbe and Janzen 2002), depending on the
characteristics of the disturbed area and the frequency and extent
of ongoing disturbance. Across much of the world, conversion of
the landscape to agriculture represents a dominant type of land-
cover disturbance and southern Ontario, the location of our
study, is no exception with significant wetland losses occurring
since the 1960s (Bardecki 1982). With the increase in row crops
adjacent to turtle habitat, female turtles have been found to pref-
erentially select agricultural areas as nesting sites. Previous work
on Snapping Turtles found that variation in temperature associ-
ated with agricultural practices has an impact on the sex ratios of
hatchlings (Freedberg et al. 2011). Yet few studies have compared
nesting preferences across different landscapes nor examined the
change in overstory vegetation growth from the time of nesting to
after emergence.

In this study, we tested two hypotheses related to nest-site se-
lection across a relatively undisturbed landscape located in a pro-
vincial park and a landscape heavily impacted by agricultural
practices. We postulated that female Blanding’s Turtles (Emydoidea
blandingii (Holbrook, 1838)) from the two different study areas
select nest sites based on similar environmental conditions. Sec-
ondarily, we hypothesized that environmental cues used by tur-
tles in altered landscapes to select nest locations are not reliable
indicators of future nest conditions. We tested this by comparing
vegetation cover (as a proxy for substrate temperature) over nest
locations at the park locale and the agricultural locale in the
spring and late summer.

Materials and methods

Study sites
We examined nest-site selection by female Blanding’s Turtles

from a protected area in Algonquin Provincial Park (hereafter
park locale) and an intensive agricultural region of Brant County
(hereafter agricultural locale) in Ontario, Canada (Figs. 1A, 1B). The
park locale contains areas of formerly disturbed but currently
abandoned landscape elements such as an unused railway bed,
old paved areas (e.g., decommissioned helicopter pad, radio obser-
vatory), and logging and visitor roads that receive seasonal traffic,
while the agricultural locale is dominated by active agricultural
fields, a population of <400 people/km2, and a relatively dense
network of roads.

Nest characteristics
To locate nests, 24 female Blanding’s Turtles were radio-tracked

nightly during the nesting period. All animals were handled in
accordance with protocols approved by institutional animal care
committees at Laurentian University (park locale) and the Ontario
Ministry of Natural Resources (agricultural locale). Nest construc-
tion occurred between 26 May and 24 June at the park site and
between 29 May and 30 June at the agricultural site. Hatchlings
emerged from the nest between mid-August and early October at
both sites. To characterize selection of a nest location by gravid
females, we compared biophysical and proximity variables be-
tween nest sites and random locations. Substrate properties of
nests (composition, moisture), distance to nearest wetland, and
canopy cover were measured for 12 nests and for 12 paired random
locations at each locale to characterize alternate habitat availabil-
ity in the surrounding area. Random locations were selected by
choosing an arbitrary direction and distance within 90 m (±10 m)
of a nest location. The 90 m constraint represents the mean daily
movement of Blanding’s Turtles (Gibbs and Shriver 2002) and
ensured that random locations represented areas that were acces-
sible to the turtles and not remote locations where the species
would not reasonably be found. If variables between nests and
random locations differed significantly, then it was accepted that
females were nonrandomly selecting the location for oviposition.
In this case, significant variables relating to maternal choice of
nest location were compared between the park and the agricul-
tural locales.

At each nest and random location, a 15 cm deep soil sample was
collected using a 2 cm diameter soil corer. This depth corresponds
to approximate nest chamber depth in this species (Standing et al.
1999). Samples were analyzed for moisture content, organic mat-
ter, and particle composition (percent sand, percent silt, percent
clay). Soil moisture was measured as the percent change in mass
of samples after drying at 105 °C for 24 h. Organic matter and
particle composition was determined following the methods of
Bledsoe et al. (1999). Distance to nearest wetland was measured
with ArcGIS (ArcMap version 10.2; Environmental Systems Re-
search Institute (ESRI), Inc., Redlands, California, USA).

To characterize vegetation canopy cover during the nesting sea-
son, NDVI (normalized difference vegetation index) was calcu-
lated from satellite imagery. NDVI is a widely used indicator of
live green vegetation that uses the reflectance (�) of the visible
(red) and near-infrared (NIR) bands of the electromagnetic spec-
trum to estimate vegetation characteristics (Rouse et al. 1974).

NDVI �
�NIR � �red

�NIR � �red

NDVI values range from –1 to 1, where higher values indicate a
greater coverage of photosynthetically- active vegetation, while
values less than zero typically do not have any ecological mean-
ing. Numerous studies have shown a strong relationship between
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NDVI and green leaf area (e.g., leaf area index (LAI)), which is
defined as the amount of green foliage area per unit ground sur-
face area (Chen and Cihlar 1996). Plants are known to both absorb
and reflect solar radiation, and the logical assumption is that
increasing canopy cover will reduce the amount of solar radiation
incident upon the substrate below. Previous work has established
an inverse relationship between NDVI and soil-surface temper-
ature (Carlson et al. 1990). Other factors related to increased
vegetation cover include an alteration of soil moisture level sur-
rounding the nest, which may affect gas exchange in the eggs, and
changes to soil permeability due to rapid growth of belowground
root systems.

While the exact timing of nesting and hatchling emergence is
variable, the acquisition of satellite data in the spring and late
summer encapsulates the majority of the incubation period.

NDVI was calculated from a set of satellite imagery obtained in
the spring (agricultural locale: 9 April 2012; park locale: 25 May
2012) and late summer (agricultural locale: 5 September 2012;
park locale: 12 September 2012), which coincided with the general
period of nesting and hatching at both study sites. Satellite imag-
ery was acquired from the high spatial resolution (1.84 m)
GeoEye-1 sensor, which collects data across four multispectral
bands (blue, green, red, and near infrared). Images were processed

for geometric and radiometric corrections using PCI Geomatica
software (version 10.3; PCI Geomatics, Markham, Ontario, Canada).

Statistical analyses

Comparison of nest-site characteristics
To compare measured environmental variables at turtle nests

between locales, we used univariate analysis of variance (ANOVA).
At each locale, a logistic regression model and Akaike’s informa-
tion criterion corrected for small sample size (AICc) were used to
determine the set of predictor variables that best discriminated
between nest and random locations. A correlation matrix for all
variables was constructed and correlations >0.5 were reviewed.
Percent silt and percent moisture were removed from analyses
because they were correlated with other variables. Model averag-
ing was performed on all models with �AICc < 2 and top models
from both study areas were compared.

Comparison of change in vegetation cover
We compared NDVI during the two sampling periods (spring

and late summer) and between locales with a nested ANOVA, with
type (turtle or random) nested within population, and nest ID as a
random factor. All statistics were performed with R version 3.0.1
(R Core Team 2013).

Fig. 1. Location of the two study locales in southern Ontario, Canada: (A) Algonquin Provincial Park, representing a relatively undisturbed
landscape, and (B) Brant County, representing a highly disturbed landscape dominated by agriculture. Images collected from the GeoEye-1
satellite on (A) 25 May 2013 and (B) 9 April 2012 and shown in false colour composite (RGB: near infrared – red – green). Colour online.
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Results

Nest-site location
Blanding’s Turtles in the park locale nested in areas of open

canopy created through anthropogenic alteration such as gravel
logging roads, dirt shoulders of paved areas, and abandoned rail-
way beds. All radio-tracked female Blanding’s Turtles in the agri-
cultural locale nested in early-season bare crop fields.

Nest characteristics
Data for two nests at the park locale and one nest from the

agricultural locale were not used due to missing data or measure-
ment errors. All nests (n = 10) in the park locale were characterized
as sand (>85% sand, <10% clay, <15% silt) mixed with rocks and
pebbles of varying size, while nests in the agricultural locale were
characterized as loamy sand (>70% sand, <15% clay, <30% silt; n =
7) or sand (n = 4). Mean organic matter in nests differed between
locales; it was 1.77% for park locale nests and 2.13% for agricultural
locale nests (p < 0.05). Soil moisture was considerably lower in
turtle nests at the park locale (1.65%) than at the agricultural
locale (10.07%) (p < 0.05).

Results of the seasonal comparison of vegetation cover showed
that NDVI over nests at the park locale did not differ between
spring and late summer (p > 0.05) nor between nests and random
locations in either season (p > 0.05) (Fig. 2). These results indicate
relatively stable canopy conditions and no preferential selection
for vegetation cover. At the agricultural locale, NDVI over turtle
nests increased significantly (p < 0.01) from the spring to the fall,
which suggests an increase in vegetation growth (and cover) from
the time of nest construction to the end of the incubation period.
NDVI also differed significantly between turtle nest and random
locations (p < 0.01). Higher NDVI values at random locations sug-
gest that turtles at the disturbed agricultural site preferentially
selected nest sites with lower vegetation, cover but this variable
did not remain static throughout the incubation period.

Nest-site selection model
Model fitting found that seven models had some support for

predicting turtle nest sites at the agricultural locale (Table 1). Mod-
els at the agricultural local included four variables: organic mat-
ter was found in all seven models; sand, distance to nearest
wetland, and NDVIs were each found in three models. Turtles
primarily preferred locations that had lower organic content, had
more sand, had lower NDVI (vegetation cover) in the spring, and
were closer to wetlands than random location (Table 2). At the

park locale, only two models consisting of two variables showed
support for distinguishing between nest and random locations
(Table 1). Females at the park locale primarily preferred sites with
less organic matter and secondarily preferred sites with less sand
than what was available at random sites (Table 2). Common vari-
ables correlated with nest-site preference at both locales were

Fig. 2. Mean (±SE) normalized difference vegetation index (NDVI, which is a proxy for vegetation cover) in the spring and fall at the two study
locales: Algonquin, which is a relatively undisturbed park locale, and Brant County, which is a disturbed agriculture locale. Solid bars
represent random sites and open bars represent nest locations of female Blanding’s Turtles (Emydoidea blandingii) (*, p < 0.01).

Table 1. Comparison of the top seven logistic regression models for
nest-site selection by female Blanding’s Turtles (Emydoidea blandingii)
at the two study locales (all models with �AICc < 2 were included in
model averaging).

Population Variables K �AICc Cumulative �

Agricultural locale OrgMat + NDVIs 3 0.00 0.28
Sand + OrgMat 3 1.36 0.42
OrgMat 2 1.59 0.55
OrgMat + Dist 3 1.74 0.67
OrgMat + NDVIs + Dist 4 1.76 0.78
Sand + OrgMat + NDVIs 4 1.81 0.90
Sand + OrgMat + Dist 4 1.98 1.00

Park locale Sand + OrgMat 3 0.00 0.3
OrgMat 2 0.06 0.59
OrgMat + NDVIs 3 2.27 0.69
OrgMat + Dist 3 2.45 0.77
Clay + OrgMat 3 2.47 0.86
Sand + OrgMat + NDVIs 4 2.89 0.93
Clay + Sand + OrgMat 4 2.91 1.00

Note: Models with �AICc < 2 are set in boldface type. K, the number of
parameters; �, Akaike weight; OrgMat, organic matter; NDVIs, normalized dif-
ference vegetation index calculated from the spring satellite image (April–May).

Table 2. Result of model averaging all models within �AICc of 2 of the
top model to predict nest of female Blanding’s Turtles (Emydoidea
blandingii) or random locations.

Population Variable No. of models Coefficient SE

Agricultural locale OrgMat 7 −108.51 63.59
Sand 3 18.50 15.19
Dist 3 −0.015 0.012
NDVIs 3 −10.11 8.33

Park locale OrgMat 2 −21.44 10.31
Sand 1 −20.22 13.7

Note: OrgMat, organic matter; Dist, distance to the nearest wetland; NDVIs,
normalized difference vegetation index calculated from the spring satellite im-
age (April–May).
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sand and organic matter content. At both study locales, turtles
selected nest locations with less organic content. However, fe-
males at the agricultural locale also utilized sites with more sand
than random locations.

Discussion
Historically, Blanding’s Turtles likely relied on shifting riverine

sandbars, sand plateaus, and natural disturbances to open the
forest canopy in areas for nesting, but now humans have become
the dominant agents of landscape disturbance (Beaudry et al.
2010). At both of the study locales, radio-tracked females nested in
locations altered by human disturbance. At the park locale, nests
were located along logging roads, an abandoned railway bed, and
adjacent to the few paved areas that provided loose substrate and
open canopy. At the agricultural locale, females nested exclu-
sively in bare agricultural fields, which were adjacent to wetlands
and comprised a large proportion of the total study area.

With regards to substrate composition at nests between study
areas, females from both locales chose sites with less organic
matter that may be related to avoidance of canopy cover (Hughes
and Brooks 2006). Females in the agricultural locale also selected
sites that had more sand, lower NDVI, and were closer to wetlands
than random sites. Comparing model selection across the two
study areas suggests that female nest-site selection differs be-
tween the two study locales and that a universal model for pre-
dicting nest-site preference may not be possible. It is important to
note that the use of paired locations implies that preference is
relative to availability and this affects the interpretation of the
results.

Nesting in early-season bare crop fields was preferentially se-
lected by all radio-tracked females in the agricultural locale, indi-
cating a high level of attraction to these altered areas; a behaviour
also documented in Snapping Turtles (Freedberg et al. 2011).
Naturally-occurring nest sites such as sand banks and an artificial
nest site were also present in the study area but were not prefer-
entially selected. A major difference between nesting sites at the
agricultural and park locales is that considerable and rapid vege-
tation growth occurred in crop fields at the agricultural locale
from spring to fall (Figs. 3A, 3B), while limited vegetation growth
occurred in nesting habitats used in the park locale. NDVI (a proxy
for vegetation cover) did not differ at nest sites between spring
and late summer at the park locale, suggesting that the cues tur-
tles used to select nest locations are good predictors of future

canopy conditions at this less-disturbed site. However, in the ag-
ricultural locale, NDVI over nests was higher in the late summer
than in the spring, demonstrating that the cues turtles used to
select nest sites are not a good predictor of canopy cover during
the incubation period. Early-season crop fields consist of bare
open soil with high sand content, preferred characteristics for
nesting turtles; however, the rapid growth of crops can change
critical environmental variables (temperature and moisture) that
can determine whether eggs hatch and develop successfully.
While female turtles may select nesting sites with lower organic
content to avoid significant vegetation growth after nesting
(Hughes and Brooks 2006), this cue may not accurately predict
future conditions at agricultural sites because plant matter is re-
moved from active crops before planting.

At higher latitudes, temperature is a major determinate of nest-
ing success and the length of the embryonic period (Obbard and
Brooks 1981; Bobyn and Brooks 1994). Low temperatures decrease
development rate and can dramatically reduce nesting success.
Lower nest temperatures also have the potential to affect sex
ratios because Blanding’s Turtles display temperature-dependent
sex determination: males are typically produced at temperatures
below 26.5 to 30 °C, whereas females are produced at higher tem-
peratures (Ewert and Nelson 1991). Nest shading would lower in-
cubation temperatures and can result in biased sex ratios (Kolbe
and Janzen 2002; Freedberg et al. 2011), which could impact pop-
ulation stability because sexually mature females are the most
important cohort for maintaining a stable population (Congdon
et al. 2003). Painted Turtles (Chrysemys picta (Schneider, 1783)) were
found to repeatedly select nest sites based on similar quantities of
overstory vegetation cover, which was considered a reasonable
predictor of nest thermal environments (Janzen and Morjan 2001).
Similarly, female Blanding’s Turtles likely also select sites based
in part on overstory vegetation, though in agricultural landscapes
this important variable does not remain static throughout the
incubation period of the nest.

Row crops also affect posthatching dispersal, as vision has been
identified as the primary orientation cue used by hatchling Blan-
ding’s Turtles (Pappas et al. 2009) and row crops restrict the view
of both near and far horizons. Previous research has shown that
hatchling turtles in row crops orient randomly or in the direction
of crop rows (Pappas et al. 2013). The inability to orientate effec-
tively could impact the ability of hatchling turtles to find suitable

Fig. 3. Change in vegetation cover over nest sites (under nest protector) of female Blanding’s Turtles (Emydoidea blandingii) at the disturbed
agricultural locale in Brant County, Ontario, Canada, in (A) June 2011 after nesting and in (B) July 2011 during incubation (note the nest
protector at bottom left of image). Colour online.
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overwintering locations (Paterson et al. 2012) and may increase
overall dispersal time and distance.

If emergence from nests is delayed due to low temperatures,
then the probability of nest destruction by harvesting equipment
increases because agricultural machinery can kill both hatchlings
and entire nests (Tingley et al. 2009; Saumure et al. 2006). Other
effects of prolonged incubation include delayed development and
reduced hatchling fitness (Yntema 1978; Du and Ji 2003). Chemical
additions to the crop fields such as pesticides and fertilizers may
result in developmental abnormalities or affect sexual develop-
ment (Bishop et al. 1991; de Solla et al. 1998). Unfortunately, the
presence of chemical contaminants, rapid crop growth, and the
timing of heavy farming machinery are variables that females are
unlikely to detect or predict when choosing nest sites in regions
altered for farming.

Early-season bare crop fields emulate the conditions of natural
nesting habitats for female Blanding’s Turtles, but are likely act-
ing as population sinks, or ecological traps, as conditions rapidly
change throughout the season. Furthermore, embryos incubating
in agriculture sites are exposed to pesticides, nests may be dis-
turbed or destroyed by planting or harvesting, hatchlings and
adults can be killed by agricultural machinery, and the rapid
growth of crops alters environmental characteristics of nests. Be-
cause no maternal care is provided beyond nest-site selection and
construction, there is no mechanism that allows female turtles to
learn from and respond to these human-induced changes, result-
ing in potential recurrent dead-end or low-quality nest-site selec-
tion for the reproductive life of that female. Overall, this indicates
that agricultural oviposition sites may act as ecological sinks and
that other turtle species nesting in similarly-altered habitats may
be subjected to the same threat.

Acknowledgements
We thank B. Steinberg and F. Dorombozi for field support and

logistical assistance. Funding was provided by a Natural Sciences
and Engineering Research Council of Canada (NSERC) grant to
A.B.M. and graduate expansion funding from the Department of
Geography at the University of Toronto Mississauga. Additional
funding was generously provided by Environment Canada’s Hab-
itat Stewardship Fund and the Ontario Ministry of Natural Re-
sources Species at Risk Stewardship Fund.

References
Bardecki, M.J. 1982. The status of wetlands in southern Ontario. Wetlands, 2(1):

262–270. doi:10.1007/BF03160559.
Beaudry, F., deMaynadier, P.G., and Hunter, M.L., Jr. 2010. Nesting movements

and the use of anthropogenic nesting sites by Spotted Turtles (Clemmys
guttata) and Blanding’s Turtles (Emydoidea blandingii). Herpetol. Conserv. Biol.
5: 1–8. Available from http://www.herpconbio.org/Volume_5/Issue_1/
Beaudry_etal_2010.pdf.

Bishop, C.A., Brooks, R.J., Carey, J.H., Ng, P., Norstrom, R.J., and Lean, D.R.S. 1991.
The case for a cause-effect linkage between environmental contamination
and development in eggs of the common snapping turtle (Chelydra s. serpentina)
from Ontario, Canada. J. Toxicol. Environ. Health, 33: 521–547. doi:10.1080/
15287399109531539. PMID:1908525.

Bledsoe, C.S., Fahey, T.J., Day, F.P., and Ruess, R.W. 1999. Measurement of static
root parameters: biomass, length, and distribution in the soil profile. In Stan-
dard soil methods for long-term ecological research. Edited by G.P. Robertson,
D.C. Coleman, C.S. Bledsoe, and P. Sollins. Oxford University Press, New York.
pp. 413–452.

Bobyn, M.L., and Brooks, R.J. 1994. Incubation conditions as potential factors
limiting the northern distribution of snapping turtles, Chelydra serpentina.
Can. J. Zool. 72(1): 28–37. doi:10.1139/z94-005.

Cagle, K.D., Packard, G.C., Miller, K., and Packard, M.J. 1993. Effects of the
microclimate in natural nests on development of embryonic painted turtles,
Chrysemys picta. Funct. Ecol. 7(6): 653–660. doi:10.2307/2390185.

Carlson, T.N., Perry, E.M., and Schmugge, T.J. 1990. Remote estimation of soil
moisture availability and fractional vegetation cover for agricultural fields.
Agric. For. Meterol. 52: 45–69. doi:10.1016/0168-1923(90)90100-K.

Chen, J.M., and Cihlar, J. 1996. Retrieving leaf area index of boreal conifer forests
using Landsat TM images. Remote Sens. Environ. 55: 153–162. doi:10.1016/
0034-4257(95)00195-6.

Congdon, J.D., Nagle, R.D., Kinney, O.M., van Loben Sels, R.C., Quinter, T., and

Tinkle, D.W. 2003. Testing hypotheses of aging in long-lived painted turtles
(Chrysemys picta). Exp. Gerontol. 38: 765–772. doi:10.1016/S0531-5565(03)
00106-2. PMID:12855285.

de Solla, S.R., Bishop, C.A., Van der Kraak, G., and Brooks, R.J. 1998. Impact of
organochlorine contamination on levels of sex hormones and external
morphology of common snapping turtles (Chelydra serpentina serpentina) in
Ontario, Canada. Environ. Health Perspect. 106: 253–260. doi:10.1289/ehp.
98106253. PMID:9518475.

Dowling, Z., Hartwig, T.S., Kiviat, E., and Keesing, F. 2010. Experimental man-
agement of nesting habitat for the Blanding’s turtle (Emydoidea blandingii).
Ecol. Restor. 28: 154–159. doi:10.3368/er.28.2.154.

Du, W.G., and Ji, X. 2003. The effects of incubation thermal environments on
size, locomotor performance and early growth of hatchling soft-shelled tur-
tles, Pelodiscus sinensis. J. Therm. Biol. 28: 279–286. doi:10.1016/S0306-4565
(03)00003-2.

Edge, C.B., Steinberg, B.D., Brooks, R.J., and Litzgus, J.D. 2010. Habitat selection
by Blanding’s turtles (Emydoidea blandingii) in a relatively pristine landscape.
Ecoscience, 17: 90–99. doi:10.2980/17-1-3317.

Ewert, M.A., and Nelson, C.E. 1991. Sex determination in turtles: diverse patterns
and some possible adaptive values. Copeia, 1991: 50–69. doi:10.2307/1446248.

Freedberg, S., Lee, C., and Pappas, M. 2011. Agricultural practices alter sex ratios
in a reptile with environmental sex determination. Biol. Conserv. 144: 1159–
1166. doi:10.1016/j.biocon.2011.01.001.

Gibbs, J.P., and Shriver, W.G. 2002. Estimating the effects of road mortality on
turtle populations. Conserv. Biol. 16(6): 1647–1652. doi:10.1046/j.1523-1739.
2002.01215.x.

Grgurovic, M., and Sievert, P.R. 2005. Movement patterns of Blanding’s turtles
(Emydoidea blandingii) in the suburban landscape of eastern Massachusetts.
Urban Ecosyst. 8: 203–213. doi:10.1007/s11252-005-4380-z.

Hughes, E.J., and Brooks, R.J. 2006. The good mother: Does nest-site selection
constitute parental investment in turtles? Can. J. Zool. 84(11): 1545–1554.
doi:10.1139/z06-148.

Janzen, F.J., and Morjan, C.L. 2001. Repeatability of microenvironment-specific
nesting behaviour in a turtle with environmental sex determination. Anim.
Behav. 62: 73–82. doi:10.1006/anbe.2000.1732.

Joyal, L.A., McCollough, M., and Hunter, M.L., Jr. 2001. Landscape ecology ap-
proaches to wetland species conservation: a case study of two turtle species
in southern Maine. Conserv. Biol. 15: 1755–1762. doi:10.1046/j.1523-1739.2001.
98574.x.

Kolbe, J.J., and Janzen, F.J. 2002. Impact of nest-site selection on nest success and
nest temperature in natural and disturbed habitats. Ecology, 83: 269–281.
doi:10.1890/0012-9658(2002)083[0269:IONSSO]2.0.CO;2.

López, M.S., Sione, W., Leynaud, G.C., Prieto, Y.A., and Manzano, A.S. 2013. How
far from water? Terrestrial dispersal and nesting sites of the freshwater turtle
Phrynops hilarii in the floodplain of the Paraná River (Argentina). Zool. Sci.
(Tokyo), 30: 1063–1069. doi:10.2108/zsj.30.1063.

Mueller, T., Olson, K.A., Fuller, T.K., Schaller, G.B., Murray, M.G., and
Leimgruber, P. 2008. In search of forage: predicting dynamic habitats of
Mongolian gazelles using satellite-based estimates of vegetation productiv-
ity. J. Appl. Ecol. 45: 649–658. doi:10.1111/j.1365-2664.2007.01371.x.

Obbard, M.E., and Brooks, R.J. 1981. Fate of overwintered clutches of the Com-
mon Snapping Turtle (Chelydra serpentina) in Algonquin Park, Ontario. Can.
Field-Nat. 95: 350–351.

Osborne, P.E., Alonso, J.C., and Bryant, R.G. 2001. Modelling landscape-scale
habitat use using GIS and remote sensing: a case study with great bustards.
J. Appl. Ecol. 38: 458–471. doi:10.1046/j.1365-2664.2001.00604.x.

Packard, G.C., Packard, M.J., Miller, K., and Boardman, T.J. 1987. Influence of
moisture, temperature, and substrate on snapping turtle eggs and embryos.
Ecology, 68: 983–993. doi:10.2307/1938369.

Pappas, M.J., Congdon, J.D., Brecke, B.J., and Capps, J.D. 2009. Orientation and
dispersal of hatchling Blanding’s turtles (Emydoidea blandingii) from experi-
mental nests. Can. J. Zool. 87(9): 755–766. doi:10.1139/Z09-065.

Pappas, M.J., Congdon, J.D., Brecke, B.J., and Freedberg, S. 2013. Orientation of
freshwater hatchling Blanding’s (Emyoidea blandingii) and Snapping Turtles
(Chelydra serpentina) dispersing from experimental nests in agricultural fields.
Herpetol. Conserv. Biol. 8: 385–399.

Paterson, J.E., Steinberg, B.D., and Litzgus, J.D. 2012. Revealing a cryptic life-
history stage: differences in habitat selection and survivorship between
hatchlings of two turtle species at risk (Glyptemys insculpta and Emydoidea
blandingii). Wildl. Res. 39: 408–418. doi:10.1071/WR12039.

Paterson, J.E., Steinberg, B.D., and Litzgus, J.D. 2013. Not just any old pile of dirt:
evaluating the use of artificial nesting mounds as conservation tools for
freshwater turtles. Oryx, 47: 607–615. doi:10.1017/S0030605312000877.

Pettorelli, N., Vik, J.O., Mysterud, A., Gaillard, J.M., Tucker, C.J., and
Stenseth, N.C. 2005. Using the satellite-derived NDVI to assess ecological
responses to environmental change. Trends Ecol. Evol. 20: 503–510. doi:10.
1016/j.tree.2005.05.011. PMID:16701427.

R Core Team. 2013. R: a language and environment for statistical computing.
Version 3.0.1 [computer program]. R Foundation for Statistical Computing,
Vienna, Austria. Available from https://www.r-project.org/.

Rouse, J.W., Jr., Haas, R.H., Schell, J.A., and Deering, D.W. 1974. Monitoring
vegetation systems in the Great Plains with ERTS. In Third Earth Resources
Technology Satellite-1 Symposium. Volume 1: Technical Presentations.

66 Can. J. Zool. Vol. 94, 2016

Published by NRC Research Press

C
an

. J
. Z

oo
l. 

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

U
ni

ve
rs

ity
 o

f 
O

tta
w

a 
on

 0
1/

13
/1

6
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 

http://dx.doi.org/10.1007/BF03160559
http://www.herpconbio.org/Volume_5/Issue_1/Beaudry_etal_2010.pdf
http://www.herpconbio.org/Volume_5/Issue_1/Beaudry_etal_2010.pdf
http://dx.doi.org/10.1080/15287399109531539
http://dx.doi.org/10.1080/15287399109531539
http://www.ncbi.nlm.nih.gov/pubmed/1908525
http://dx.doi.org/10.1139/z94-005
http://dx.doi.org/10.2307/2390185
http://dx.doi.org/10.1016/0168-1923(90)90100-K
http://dx.doi.org/10.1016/0034-4257(95)00195-6
http://dx.doi.org/10.1016/0034-4257(95)00195-6
http://dx.doi.org/10.1016/S0531-5565(03)00106-2
http://dx.doi.org/10.1016/S0531-5565(03)00106-2
http://www.ncbi.nlm.nih.gov/pubmed/12855285
http://dx.doi.org/10.1289/ehp.98106253
http://dx.doi.org/10.1289/ehp.98106253
http://www.ncbi.nlm.nih.gov/pubmed/9518475
http://dx.doi.org/10.3368/er.28.2.154
http://dx.doi.org/10.1016/S0306-4565(03)00003-2
http://dx.doi.org/10.1016/S0306-4565(03)00003-2
http://dx.doi.org/10.2980/17-1-3317
http://dx.doi.org/10.2307/1446248
http://dx.doi.org/10.1016/j.biocon.2011.01.001
http://dx.doi.org/10.1046/j.1523-1739.2002.01215.x
http://dx.doi.org/10.1046/j.1523-1739.2002.01215.x
http://dx.doi.org/10.1007/s11252-005-4380-z
http://dx.doi.org/10.1139/z06-148
http://dx.doi.org/10.1006/anbe.2000.1732
http://dx.doi.org/10.1046/j.1523-1739.2001.98574.x
http://dx.doi.org/10.1046/j.1523-1739.2001.98574.x
http://dx.doi.org/10.1890/0012-9658(2002)083%5B0269%3AIONSSO%5D2.0.CO;2
http://dx.doi.org/10.2108/zsj.30.1063
http://dx.doi.org/10.1111/j.1365-2664.2007.01371.x
http://dx.doi.org/10.1046/j.1365-2664.2001.00604.x
http://dx.doi.org/10.2307/1938369
http://dx.doi.org/10.1139/Z09-065
http://dx.doi.org/10.1071/WR12039
http://dx.doi.org/10.1017/S0030605312000877
http://dx.doi.org/10.1016/j.tree.2005.05.011
http://dx.doi.org/10.1016/j.tree.2005.05.011
http://www.ncbi.nlm.nih.gov/pubmed/16701427
https://www.r-project.org/


Compiled and edited by S.C. Freden, E.P. Mercanti, and M.A. Becker. NASA
SP-351, National Aeronautics and Space Administration (NASA), Washington,
D.C. pp. 309–317.

Saumure, R.A., Herman, T.B., and Titman, R.D. 2006. Effects of haying and agri-
cultural practices on a declining species: the North American wood turtle,
Glyptemys insculpta. Biol. Conserv. 135: 565–575. doi:10.1016/j.biocon.2006.11.
003.

Standing, K.L., Herman, T.B., and Morrison, I.P. 1999. Nesting ecology of Bland-
ing’s turtle (Emydoidea blandingii) in Nova Scotia, the northeastern limit of the
species’ range. Can. J. Zool. 77(10): 1609–1614. doi:10.1139/z99-122.

Steen, D.A., Gibbs, J.P., Buhlmann, K.A., Carr, J.L., Compton, B.W., Congdon, J.D.,
Doody, J.S., Godwin, J.C., Holcomb, K.L., Jackson, D.R., Janzen, F.J.,

Johnson, G., Jones, M.T., Lamer, J.T., Langen, T.A., Plummer, M.V., Rowe, J.W.,
Saumure, R.A., Tucker, J.K., and Wilson, D.S. 2012. Terrestrial habitat require-
ments of nesting freshwater turtles. Biol. Conserv. 150: 121–128. doi:10.1016/
j.biocon.2012.03.012.

Tingley, R., McCurdy, D.G., Pulsifier, M.D., and Herman, T.B. 2009. Spatio-
temporal differences in the use of agricultural fields by male and female
Wood Turtles (Glyptemys insculpta) inhabiting an agri-forest mosaic. Herpetol.
Conserv. Biol. 4: 185–190. Available from http://www.herpconbio.org/
Volume_4/Issue_2/Tingley_etal_2009.pdf [accessed 12 July 2015].

Yntema, C.L. 1978. Incubation times for eggs of the turtle Chelydra serpentina
(Testudines: Chelydridae) at various temperatures. Herpetologica, 34:
274–277. Available from http://www.jstor.org/stable/3891552 [accessed
17 March 2015].

Mui et al. 67

Published by NRC Research Press

C
an

. J
. Z

oo
l. 

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

U
ni

ve
rs

ity
 o

f 
O

tta
w

a 
on

 0
1/

13
/1

6
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 

http://dx.doi.org/10.1016/j.biocon.2006.11.003
http://dx.doi.org/10.1016/j.biocon.2006.11.003
http://dx.doi.org/10.1139/z99-122
http://dx.doi.org/10.1016/j.biocon.2012.03.012
http://dx.doi.org/10.1016/j.biocon.2012.03.012
http://www.herpconbio.org/Volume_4/Issue_2/Tingley_etal_2009.pdf
http://www.herpconbio.org/Volume_4/Issue_2/Tingley_etal_2009.pdf
http://www.jstor.org/stable/3891552

	Note
	Introduction
	Materials and methods
	Study sites
	Nest characteristics
	Statistical analyses
	Comparison of nest-site characteristics
	Comparison of change in vegetation cover


	Results
	Nest-site location
	Nest characteristics
	Nest-site selection model

	Discussion

	Acknowledgements
	References


<<
	/CompressObjects /Off
	/ParseDSCCommentsForDocInfo true
	/CreateJobTicket false
	/PDFX1aCheck false
	/ColorImageMinResolution 150
	/GrayImageResolution 300
	/DoThumbnails false
	/ColorConversionStrategy /LeaveColorUnchanged
	/GrayImageFilter /DCTEncode
	/EmbedAllFonts true
	/CalRGBProfile (sRGB IEC61966-2.1)
	/MonoImageMinResolutionPolicy /OK
	/AllowPSXObjects true
	/LockDistillerParams true
	/ImageMemory 1048576
	/DownsampleMonoImages true
	/ColorSettingsFile (None)
	/PassThroughJPEGImages true
	/AutoRotatePages /PageByPage
	/Optimize true
	/ParseDSCComments true
	/MonoImageDepth -1
	/AntiAliasGrayImages false
	/JPEG2000ColorImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/GrayImageMinResolutionPolicy /OK
	/ConvertImagesToIndexed true
	/MaxSubsetPct 99
	/Binding /Left
	/PreserveDICMYKValues false
	/GrayImageMinDownsampleDepth 2
	/MonoImageMinResolution 1200
	/sRGBProfile (sRGB IEC61966-2.1)
	/AntiAliasColorImages false
	/GrayImageDepth -1
	/PreserveFlatness true
	/CompressPages true
	/GrayImageMinResolution 150
	/CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
	/PDFXBleedBoxToTrimBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/AutoFilterGrayImages true
	/EncodeColorImages true
	/AlwaysEmbed [
	]
	/EndPage -1
	/DownsampleColorImages true
	/ASCII85EncodePages false
	/PreserveEPSInfo false
	/PDFXTrimBoxToMediaBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/CompatibilityLevel 1.3
	/MonoImageResolution 600
	/NeverEmbed [
		/Arial-Black
		/Arial-BlackItalic
		/Arial-BoldItalicMT
		/Arial-BoldMT
		/Arial-ItalicMT
		/ArialMT
		/ArialNarrow
		/ArialNarrow-Bold
		/ArialNarrow-BoldItalic
		/ArialNarrow-Italic
		/ArialUnicodeMS
		/CenturyGothic
		/CenturyGothic-Bold
		/CenturyGothic-BoldItalic
		/CenturyGothic-Italic
		/CourierNewPS-BoldItalicMT
		/CourierNewPS-BoldMT
		/CourierNewPS-ItalicMT
		/CourierNewPSMT
		/Georgia
		/Georgia-Bold
		/Georgia-BoldItalic
		/Georgia-Italic
		/Impact
		/LucidaConsole
		/Tahoma
		/Tahoma-Bold
		/TimesNewRomanMT-ExtraBold
		/TimesNewRomanPS-BoldItalicMT
		/TimesNewRomanPS-BoldMT
		/TimesNewRomanPS-ItalicMT
		/TimesNewRomanPSMT
		/Trebuchet-BoldItalic
		/TrebuchetMS
		/TrebuchetMS-Bold
		/TrebuchetMS-Italic
		/Verdana
		/Verdana-Bold
		/Verdana-BoldItalic
		/Verdana-Italic
	]
	/CannotEmbedFontPolicy /Warning
	/PreserveOPIComments false
	/AutoPositionEPSFiles true
	/JPEG2000GrayACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/PDFXOutputIntentProfile ()
	/EmbedJobOptions true
	/JPEG2000ColorACSImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/MonoImageDownsampleType /Average
	/DetectBlends true
	/EmitDSCWarnings false
	/ColorImageDownsampleType /Average
	/EncodeGrayImages true
	/AutoFilterColorImages true
	/DownsampleGrayImages true
	/GrayImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.15
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/AntiAliasMonoImages false
	/GrayImageAutoFilterStrategy /JPEG
	/GrayACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.15
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/ColorImageAutoFilterStrategy /JPEG
	/ColorImageMinResolutionPolicy /OK
	/ColorImageResolution 300
	/PDFXRegistryName ()
	/MonoImageFilter /CCITTFaxEncode
	/CalGrayProfile (Gray Gamma 2.2)
	/ColorImageMinDownsampleDepth 1
	/PDFXTrapped /False
	/DetectCurves 0.1
	/ColorImageDepth -1
	/JPEG2000GrayImageDict <<
		/TileHeight 256
		/Quality 15
		/TileWidth 256
	>>
	/TransferFunctionInfo /Preserve
	/ColorImageFilter /DCTEncode
	/PDFX3Check false
	/ParseICCProfilesInComments true
	/DSCReportingLevel 0
	/ColorACSImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.15
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/PDFXOutputConditionIdentifier ()
	/PDFXCompliantPDFOnly false
	/AllowTransparency false
	/UsePrologue false
	/PreserveCopyPage true
	/StartPage 1
	/MonoImageDownsampleThreshold 1.0
	/GrayImageDownsampleThreshold 1.0
	/CheckCompliance [
		/None
	]
	/CreateJDFFile false
	/PDFXSetBleedBoxToMediaBox true
	/EmbedOpenType false
	/OPM 0
	/PreserveOverprintSettings false
	/UCRandBGInfo /Remove
	/ColorImageDownsampleThreshold 1.0
	/MonoImageDict <<
		/K -1
	>>
	/GrayImageDownsampleType /Average
	/Description <<
		/ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
		/PTB <>
		/FRA <>
		/KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
		/NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
		/NOR <>
		/DEU <>
		/SVE <>
		/DAN <>
		/ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
		/JPN <>
		/CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
		/SUO <>
		/ESP <>
		/CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
	>>
	/CropMonoImages true
	/DefaultRenderingIntent /RelativeColorimeteric
	/PreserveHalftoneInfo false
	/ColorImageDict <<
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.15
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/CropGrayImages true
	/PDFXOutputCondition ()
	/SubsetFonts true
	/EncodeMonoImages true
	/CropColorImages true
	/PDFXNoTrimBoxError true
>>
setdistillerparams
<<
	/PageSize [
		612.0
		792.0
	]
	/HWResolution [
		600
		600
	]
>>
setpagedevice


