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Life History of Turtles
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Low reproductive output

Delayed sexual maturity (10-20 yrs)
Small clutch sizes (0-10 eggs)

~N

-

J

N

Low juvenile recruitment

Nest predation up to 100%
High juvenile predation
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Long generation times
&
Slow population growth

Extreme longevity
&

High adult survival

Often 70-100+ yrs
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Threats to Turtles

Disease Pollution Invasive species Successional changes Climate change



One of the most endangered clades in the world

—268% of species threatened with extinction
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Life History of Turtles and Management Challenges
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Low reproductive output

Delayed sexual maturity (10-20 yrs)
Small clutch sizes (0-10 eggs)
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Low juvenile recruitment
Nest predation up to 100%
High juvenile predation
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Long generation times
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Slow population growth
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Extreme longevity
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High adult survival

Often 70-100+ yrs
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Challenges for Management: Population Growth

Chestnut=sided
Warbler

Population
Decline

Habitat
Restoration
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Scale of Recovery:
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Scale of Recovery:
Decades

... or Centuries




Challenges for Management: Dispersal

Chestnut-sided Time to colonization:
Warbler -

1-2 years

Time to colonization:
Decades?

Time to carrying capacity:
Additional decades




Subproject 1
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High interannual site fidelity




Protected Land




Typical study duration: 1—-4 years

2-year study
o9

—
Potential 80-year lifespan

Succession Anthropogenic Disturbance Gradual Drift

year 1 year 20




Protected Land




Obijective:
Investigate and describe the long-term fidelity of the spotted, |

wood, and eastern box turtle
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aptured 67% of prewously tracked turtles (48 of 73)
Radio-tracked 60% (43 of 72)

e 68% of eastern box turtles
* 61% wood turtles
. 50% spo’r’red turtles
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Fidelity Metrics

Home range overlap Distance between locations
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Fidelity Measured at Multiple Levels

1.) Annual

Jan Feb Mar Apr May Jun Jul Aug Sep Oc Nov Dec

2) Sea Sonal Emergence Nesting Summer Fall

Apr May Jun Jul  Aug Sep Oct

3.) Overwintering location
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= Second study period (2018-2021)
First study period (2005-2006)

- Second study period (2019)
First study period (2006)
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= Second study period (2018-2019)
First study period (1995)




Overlap (%)
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Annual Home Range Overlap

* * Temporal Scale
-8 Long-Term
& Short-Term

* + - Home ranges shift over long
periods

—> Still very high fidelity

—> Variation among species

Spotted Turtle

Wood Turtle Box Turtle



Spotted Turtle

Female Fidelity Among Seasons

Wood Turtle

Box Turtle
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Continuous Fidelity Estimates
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- Females are exploring the landscapes to find new
nesting habitat




Distance (m)

Male Fidelity Among Seasons
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How well do annual home range buffers reflect long-term space use?

Annual home ranges Long-term home range
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- Long-term fidelity similar to short-term fidelity reported by other studies
200 m buffer around an annual home range will encompass:

* ~95% of long-term movements for females and male box turtles

* >70% for male spotted and wood turtles



Caveats

Potentially biased toward sedentary individuals

—> Thus, fidelity estimates might be overestimates

Not all populations are the same

= Landscape context, individual behavior may vary



Conclusion

Novel information within freshwater turtle ecology
High long-term fidelity across species

Nevertheless, long-term effectiveness of land protection may vary by species
> More effective for box turtle, less effective for spotted turtle

> Less effective for male spotted turtle, wood turtle

Lower long-term fidelity for females in nesting season suggests benefits of
periodic nest site maintenance



Effects of Landscape Structure and Land Use on Turtle

Demographics Across the Eastern United States
Subproject 2
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Collaborative Turtle Conservation in the Northeast

Blanding’s Turtle

16 years of regional coordination
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6 years of regional coordination
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Landscape Heterogeneity

High

Configurational Heterogeneity
Low

Low High

Compositional Heterogeneity



Goal

Understand the influence of landscape heterogeneity and
human land use on turtle populations across the eastern United
States




Prediction 1:
Abundance will increase with composition heterogeneity

Abundance

Compositional Heterogeneity



Prediction 2:
Configurational heterogeneity will interact with land use to affect
abundance differently

;-

HIGH
Wetland Aggregation

e —

Abundance

Land use intensity

LOW
Wetland Aggregation

T~

Land use intensity

Abundance




Standardized Sampling Protocol

Habitats

Vernal Pools
Shrub swamps
Emergent marshes
Forested wetlands
Wet meadows
Ditches




Landscape Characterization

Multiple spatial scales: 30 — 7680m Compositional Heterogeneity

7680 m - Wetland diversity
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Landscape Characterization: Wetland Aggregation
and Land Use

Configurational Heterogeneity

r

- We’rlclnd c:lggregq’rlon Land use

* Aggregation index (FRAGSTATS) * National Land Cover Database
* Road density, imperviousness, proportion crops,

proportion hay /pasture



Results

* 531 reference plots
* 4930 turtle detections from 2018-2020

* 12 turtle species

Focal Species

Eastern Mud Turtle Snappig Turtle , Painted Turtle
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Compositional Heterogeneity
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All but one species were positively associated with
wetland diversity

—> Support for prediction




Configurational Heterogeneity

- Mixed support for prediction

Abundance

Spotted Turtle

Intermediate aggregation

-:"
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- Opposite pattern in snapping turtles

50+

. 2

30+

Abundance
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High aggregation .
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Predation release
Higher recruitment
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Reduced predation on roadside nests can compensate
for road mortality in road-adjacent turtle populations

Rowan E. Murphy' | Amanda E. Martin®© | Lenore Fahrig'



Anthropogenic Threats Environment

Habitat loss Climate

Human land use Landscape pattern

Climate change Flevation

Habitat
Etc

Subsidized predation

lllegal trade
Disease

Invasive species
Successional changes

Populations

« Abundance

e | Juvenile recruitment

e Sex ratio




Juvenile Recruitment

Analyses only include spotted turtles



Juvenile Recruitment and Shallow Wetland Diversity,
Road Density, and Proportion Cultivated Crops
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Effects of Roads on the Structure of Freshwater Trends in Sex Ratios of Turtles in the United States:

(] (] (] L]
Turtle Populations Implications of Road Mortality
DAVID A. STEEN AND JAMES P. GIBBS* JAMES P. GIBBS* AND DAVID A. STEENT
350 Illick Hall, 1 Forestry Drive, State University of New York College of Environmental Science State University of New York College of Environmental Science and Forestry, 350 Illick Hall, 1 Forestry Drive, Syracuse,
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Relative vulnerability of female turtles to road mortality

D. A. Steen', M. J. Aresco?, S. G. Beilke®, B. W. Compton*, E. P. Condon’, C. Kenneth Dodd Jr.®,
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R. A. Saumure'®T, F. W. Schueler™, J. M. Sleeman'*, L. L. Smith’, J. K. Tucker' & J. P. Gibbs®

Equal sex ratio Male-biased

=

- Many studies find no effect




HIGH Wetland Aggregation

LOW Wetland Aggregation
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Proportion male

Proportion male
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Land-use
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Standardized Sampling Protocol

Habitats

Vernal Pools
Shrub swamps
Emergent marshes
Forested wetlands
Wet meadows
Ditches




No support for prediction

Prediction

Results

LOW Aggregation

HIGH Aggregation
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Males move more than

females
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Findings and Implications

Turtle communities are shaped by the composition and
configuration of habitat

Abundance positively influenced by wetland diversity

—> Protection efforts should prioritize landscapes with varied wetland types
and hydrological regimes

—>Restoration efforts should focus on wetland diversity

= Destruction or degradation of “non-critical” wetlands may still *
trigger population decline

= Landscapes with high wetland diversity may also serve as climate refugia



Findings and Implications: Wetland
Configuration and Land Use

Wetland configuration may determine the effect of land use on populations

= Land cover types may not be strictly “good” or “bad,” but strongly

dependent upon landscape context

- Management plans should explicitly consider landscape context

Abundance

Intermediate aggregation

~
e
._q_____-- .
—ZLow ®
o —— L ‘

0.2 0.4 0.6
Hay (480 m)



Findings and Implications: Roads and
Agriculture

Roads negatively affect spotted turtle abundance and juvenile recruitment

—> Restoration projects may consider prioritizing sites with lower
road density

Agriculture negatively affects spotted turtle abundance and sex ratio
BUT the effect is dependent upon wetland configuration

0.2 0.4 0.6
Hay (480 m)



Implications

Supports the shift away from individual-wetland and buffered-based
conservation to multi-scale landscape-level conservation
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(DoD) PARC; USDA Natural Resources Conservation Service; USDA USFS George Washington and
Jefferson National Forests
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Slide 2, turtle: Patrick Roberts

slide 2, dinosaur: https://commons.wikimedia.org/wiki/File:202004 Pachycephalosaurus_ wyomingensis.png
slide 2, skeleton diagram: https://en.wikipedia.org/wiki/Turtle shell#/media/File:Turtle skeleton_cross-section, labelled as_infographic.svg
slide 3, egg shell: Mike Jones

Slide 3, juvenile: Patrick Roberts

Slide 4, development: USDA

Slide 4, turtle on road: USFWS

Slide 4, turtles in container: USFWS

Slide 5, raccoon: USFWS

Slide 7, bird: USFWS

Slide 7, turtle: Patrick Roberts

Slide 10, left and right turtle: Patrick Roberts
Slide 10, middle turtle (wood): Mike Jones
Slide 11: Patrick Roberts

Slide 13, succession: U.S. Forest Service, USDA
Slide 13, logging: USDA

Slide 16, all photos: Mike Jones

Slide 18, turtle: Mike Jones

Slide 18, people: Patrick Roberts

Slide 19: Patrick Roberts

Slides 20, 21, 22, 24: Patrick Roberts

Slide 26, box turtle: Patrick Roberts

Slide 26, wood turtle: Mike Jones

Slide 27: Patrick Roberts

Slide 28: see 26 and 27

Slide 29: see 26 and 27
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Slide 30: Patrick Roberts
e Slide 31:see 26 and 27
* Slide 36: Patrick Roberts
* Slide 42, wetland and development: Sam Stafford
* Slide 42, wetland: Evan Barrientos/Audubon Rockies
* Slide 42, all turtles: Mike Jones
* Slide 45, wetland: Patrick Roberts
« Slide 45, distribution map: American Turtle Observatory
* Slide 48, yellow-bellied slider: USFWS, Roy W. Lowe
* Slide 48, eastern mud: Houston Chandler
* Slide 48, all other turtles: Mike Jones
* Slide 49: see slide 48 credits
* Slide 50: Mike Jones
* Slide 51: Mike Jones
* Slide 52: see slide 48 credits
« Slide 53, development: USDA
* Slide 53, raccoon: USFWS
* Slide 55, both photos: Mike Jones
e Slide 65: USFWS, Larry Palmer
* Slide 66: Mike Jones
* Slide 67, corn field: USDA, Preston Keres
* Slide 67, turtle on road: USFWS
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