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Thank you! DoD Legacy Resource Mgmt Program



Western Pond Turtle (Actinemys marmorata 
& A. pallida)



A Regional Conservation Cooperative

Western Pond Turtle Regional Conservation Cooperative 

Mission Statement: 

Foster a comprehensive and coordinated group of stakeholders 

across the range of the two species of WPT to manage, conserve, 

research and support the species in perpetuity.

WPT RCC Objective: 

To ensure the long-term viability in the wild of WPT and to 

maintain self-sustaining populations of the two species.

A DoD Mission Sensitive Species



A Species Status Assessment



The Importance of DoD lands to Biodiversity 
Conservation (T & E species and ecosystems)



1) Clancy et al. (2020) Scientific Reports

2) Jenkins et al. (2015) PNAS

3) Florida. (2010) The Atlantic (Data: DoD)
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Department of Defense Partners in Amphibians 
and Reptile Conservation (DoD PARC)



• DoD PARC has confirmed that the 
Western Pond Turtle occurs on 13 
installations of all divisions (Air Force, 
Army, Army National Guard, Navy and 
Marine Corps) and potentially occurs on 
several additional (ca. 20) installations



The DoD – SI Cooperative Agreement 
through the Chesapeake Watershed CESU

“A Rangewide Western Pond Turtle (Actinemys spp.) Status Assessment on 
Military Lands…”

• Inventory: Maintain a comprehensive inventory of WPT populations across ranges.

• Data Collection: Gather updated biological data to support effective management.

• Education: Develop training resources for personnel engaged in WPT conservation.

• Partnerships: Collaborate with regional partners to strengthen conservation efforts.

• Monitoring: Form a working group for continuous monitoring and data sharing.





Monitoring Protocol Standards



OBJECTIVE 1 – COLLATE 
HISTORICAL DATA ON WPTS 

FROM THE 13 MILITARY 
INSTALLATIONS IN CALIFORNIA



Objective 1 – Collate Historical Data on WPT

• Goal: Compile a comprehensive historical database for WPT at 13 
military installations

• Methods: Database construction from historical records, highlighting 
gaps

• Field Manual: Standardized monitoring protocols for consistent data 
collection

• Training Program: Equip natural resource managers with field 
monitoring skills

• Long-Term Benefit: A shareable, standardized data resource for 
future WPT studies



Expected Outcomes - Objective 1

• Database Utility: Centralized repository for ongoing WPT monitoring 
and analysis

• Consistency in Monitoring: Field manual ensures uniform data across 
sites

• Enhanced Resource Management: Trained team for WPT surveys and 
monitoring

• Informed Management Decisions: Database insights guide targeted 
conservation

• Foundation for Future Research: Database supports long-term 
conservation efforts



Installations visited



Initial Meetings with Resource Managers

• Purpose: Assess existing data quality and depth at each installation

• Method: One-on-one meetings or group Zoom sessions with 
managers

• Focus: Determine if data is limited (e.g., turtle counts) or 
comprehensive

• Outcome: Insight into current WPT data, guiding database structure

• Benefit: Supports the development of a tailored monitoring strategy



Compile Data into Shareable Database

• Database Creation: Compile trapping, monitoring, and individual data

• Platform: Use FileMaker Pro initially, transfer to final database format

• Data Utility: Accessible for ongoing and future monitoring efforts

• Collaborators: Database available to military and research partners

• Goal: Create a lasting data repository to support WPT research



U.S. Army Fort Hunter Liggett (2021-
2023)



Western Pond Turtle observations for thirteen military 
installations in California, from 1993 - 2023. 



Training Resource Staff on Protocols

• Training During Field Season: Teach staff monitoring techniques

• Topics Covered: Equipment use, data collection methods, measurements

• Customization: Tailor monitoring intensity to installation resources

• Goal: Establish structured protocols adaptable to each base’s needs

• Outcome: Enable consistent, long-term monitoring by installation staff



OBJECTIVE 2 – DETERMINE 
DETECTION AT THE 13 

MILITARY INSTALLATIONS AND 
CREATE A DETECTION 

PROBABILITY TOOL



Determine Detection

• Goal: Establish a detection probability tool for WPT

• Sampling: Conduct trapping sessions across 13 bases to assess WPT 
presence

• Detection Tool: Use environmental variables to optimize survey 
efficiency

• Future Application: Tool aids in cost-effective surveys at additional 
sites



Expected Outcomes - Objective 2

• Detection Tool Efficiency: Reduces logistical and financial survey costs

• Population Clustering: Detects spatial patterns for targeted 
management

• Scalable Model: Tool can be applied to additional sites for consistent 
results

• Enhanced Survey Focus: Enables better resource allocation for WPT 
surveys



Trapping Along Latitudinal Gradient

• Trapping Design: Use baited hoop 
and minnow traps in varied habitats

• Data Collection: Record GPS, 
habitat, and turtle metrics

• Survey Season: March-June, 
covering 4-5 wetlands per 
installation

• Marking and Measurements: 
Unique shell notch and standard 
morphometrics

• Additional Sampling: Disease swabs, 
blood samples, and photographs



Compile GIS and Weather Data for Covariates

• Landscape Data: Land cover, elevation, and road barriers

• Habitat Data: Vegetation and community data layers

• Weather Data: Temperature and precipitation from local stations

• Microhabitat Data: Canopy cover and substrate

• Goal: Support predictive modeling with comprehensive 
environmental data



Detection Analysis for Key Detection Factors

• Detection Complexity: Low-density, secretive species are hard to 
detect

• Optimal Conditions: Analysis helps identify favorable survey 
conditions

• Methodology: Mixed-effects regression models in R with survey 
covariates

• Modeling Tools: AICCModavg to determine best model fit

• Outcome: Tailored conditions for maximizing survey success



Selected Variables for Detection Analyses

• Environmental, temporal, and 
categorical variables 

• For analysis of Western Pond 
Turtle surveys conducted at 13 
Military Installations

• With descriptions and units of 
measurement

• Variables that contain an 
asterisk had quadratic (squared) 
terms included in models.



Table of multicollinearity tests of 

all considered variables: 

Variance Inflation Factors (VIF) 

and Tolerance Levels. 

Correlation matrix created to 

demonstrate the 

multicollinearity of all the 

variables. 



Models of Detection Factors



Model Comparison: Akaike information criterion (AIC) results for the 15 binary mixed-effect 
logistic regressions for detection probability models. Data were collected from 3,675 trap events 
on the Western Pond Turtle across 13 Military installations in California.



Response operator curves (ROC): Global_Min and Trap Location detection model(s) for 
Western Pond Turtle across 13 Military Installations in California.

A = the Global_Min model (left), B = the Trap Location model (right).



Density Plots



Detection Probability: the effects of environmental, temporal, and categorical co-
variates on the detection probability of Western Pond Turtles from 3,675 trap events 

across 13 Military Installations in California.



Categorical Variables



OBJECTIVE 3 – DETERMINE 
ABUNDANCE, POPULATION 

STRUCTURE, AND DEMOGRAPHY, 
TO THE BEST EXTENT POSSIBLE,  AT 

13 MILITARY INSTALLATIONS



Objective 3 – Abundance & Demographic Structure

•Goal: Assess WPT and RES abundance and population demographics 
at 13 bases

•Data Collection: Record size, stage, and sex for demographic 
structure analysis

•Analysis Methods: CPUE, N-Mixture, and Capture/Mark/Recapture as 
data allows

• Staff Training: Installation staff to conduct extended surveys for 
richer data

•Demographic Insights: Skewed ratios or missing age groups signal 
threats



Expected Outcomes - Objective 3

• Population Robustness: Early indicators of population health and 
viability

•Demographic Red Flags: Detect issues like adult mortality or 
recruitment gaps

• Population Vulnerability: Initial estimates on population stability and 
risks

• Foundation for Monitoring: Basis for ongoing, data-driven 
conservation planning

•Management Guidance: Demographic insights shape targeted 
conservation actions



2023

● 50 aquatic traps

● 24” Legler hoop

● 18” Promar minnow

● 1-week trapping bouts

● Recorded body size, life stage, 

sex, reproductive status

● Individual notches



2024

•25 aquatic traps

•Two trapping periods per week

•Mon-Wed, Wed-Fri

•Body size (+ annuli), life stage, sex, reproductive 
status

•Notches



Estimating Abundance

• Tiered Analysis: CPUE for low captures, N-Mixture for counts, CMR 
for recaptures

•Data Flexibility: Adapt methods based on capture rates and data 
richness

• CMR Limitations: Best for long-term monitoring with high recaptures

•Alternative Models: Presence or unmarked in R for flexible modeling

•Goal: Reliable abundance estimates based on available data



Capture Summary 
of 2023 and 2024 
field season 



Results

2023: 261

2024: 162

-Initial 119

-Recaps 43

Total: 423







Population Structure: Sex and Stage

● Sex Ratios: Calculate adult and total sample ratios 
● Stage Ratios: Mature vs. immature sizes
● Size Frequency Distribution: Bin morphometric data to analyze the 

size structure across demographics
● Allometric Growth Rates: Plot the relationship between different 

morphometric measurements
● Reproduction: Deduce reproductive success and age of sexual 

maturity
● Goal: Identify growth patterns and demographic structure















Reproduction

• Mating and Nesting season

• Recruitment

• Palpated for eggs

Overall: 32%



OBJECTIVE 4 – DISEASE 
SURVEILLANCE AND 

MONITORING











Materials and Methods – Pathogens and 
Health

• 2023

- Combined oral-cloacal-shell swabs of all WPT

- Emydomyces qPCR

• 2024

- Combined oral-cloacal-shell swabs of all WPT and sliders

- Emydomyces qPCR for all WPT

- Multi-pathogen surveillance for all WPT and subset of sliders



Results – Pathogens and Health

• 2023

- All WPT negative for Emydomyces (n=0/259; 95% CI: 0-1.4%)

• 2024

- All WPT negative for Emydomyces (n=0/134; 95% CI: 2.7%)
- Multi-pathogen surveillance: pending



Conclusion and Future Directions

• Long-Term Monitoring: Establish a lasting framework for WPT and 
RES

• Strategic Partnerships: Collaborate with DoD for conservation impact

• Database Maintenance: Share and update data with partners like 
Smithsonian

• Adaptive Management: Adjust strategies based on research 
outcomes

• Commitment to Conservation: Aim for sustained WPT and RES 
protection
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Thank you!

Questions?





Distinguishin
g 

Sex
• Chin

• Snout

• Ridges

• Tail length & girth

• Cloaca placement

• Plastron



Distinguishing 
stage

● 2ndary sex 
characters

● 110 mm shell 
length



Morphometrics



Morphometrics
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