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WOOD TURTLE (Glyptemys insculpta), Conservation Plan for Minnesota 
See attached PDF 
 
Recommended Best Management Practices for the Wood Turtle on Department of Defense 
Installations 
See attached PDF 
 
 
Title:                The detection and quantification of aquatic reptilian environmental DNA (See 
attached  PDF) 
Author(s):           Adams, Clare Isabel Ming-Ch'eng 
Publication:         Iowa State University Digital Repository 
Year:                2017 
Dissertation:        Thesis / Dissertation ETD 
Language:            English; English 
Accession No:        OCLC:                1015382852 
Abstract:            Monitoring individuals of a population is aided by sampling techniques for 
determining organism presence. However, invasive sampling methods may harm target and 
non-target individuals, not capture a fully representative population demographic, or may be 
difficult to use due to secretive and seasonally active species. Recent developments in non-
invasive technology propose environmental DNA (eDNA) as a solution to mitigate some of these 
challenges. Environmental DNA is DNA captured from target organisms that is extracted from 
environmental samples such as water, soil, or air. Although this technique has been widely 
explored for fish and amphibian species, it is used less often for aquatic reptiles. This thesis 
attempts to create an eDNA methodology for an imperiled reptilian taxa, turtles, for future 
monitoring use. We set up four experimental ponds with varying numbers of turtles (0, 11, 23, 
38) and sampled once every three days throughout the spring field season to determine effects 
of painted turtle (Chrysemys picta) density and time on eDNA technique utility. The first 
chapter compares two common eDNA methodologies, filtration and sodium acetate 
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precipitation in a Midwestern lentic semi-natural environment. The second chapter uses the 
more efficient filtration to quantify eDNA based upon turtle abundance in the same 
environment. We conclude that eDNA may not currently be an effective monitoring method for 
aquatic turtles. Overall, filtration was a more effective approach to capturing turtle eDNA than 
sodium acetate precipitation but visual surveys of turtles in our experimental setup led to an 
even higher rate of detection. Despite developing a sensitive qPCR protocol, we were unable to 
amplify turtle eDNA sufficiently to distinguish it from the negative control. We nonetheless 
identified a rank-order trend positively correlated with turtle density despite not obtaining 
large amounts of species-specific turtle eDNA. Furthermore, we found that total eDNA 
concentrat 
 
      
Invisible Trace Evidence: Using Environmental DNA (eDNA) to Detect Species in Aquatic 
Ecosystems. 2020 
Routledge K  
Conference Title: Transportation Association of Canada 2020 Conference and Exhibition - The 
Journey to Safer Roads.Held: 00000-00000. 2020. 1 PDF file, 2.1 MB, 5p.  
Highly accurate - eDNA sampling when correctly implemented, is definitive for detection of 
presence and very sensitive to detection of aquatic species; The credibility of eDNA survey data, 
however, depends on adequate methodological validation and verification; accurate results 
require rigour during field sampling, sample processing, laboratory analysis, and primer design 
and/or verification. Hemmera recently developed accepted standards for collection of eDNA for 
the BC Ministry of Environment and has completed for multiple transportation projects 
including MOTI's South Fraser Perimeter Road (target species - red-legged frog and Pacific 
water shrew), MOTI's Kicking Horse Canyon Phase 4 (target species Western toad) and 
TransLink's Surrey Langley SkyTrain project (target species - multiple salmonids, Pacific water 
shrew and red-legged frog). 
URL https://www.tac-
atc.ca/sites/default/files/conf_papers/hemmera_invisible_trace_evidence_use_of_environmen
tal_dna_edna_to_detect_specie.pdf 
Link to the Ovid Full Text or citation: 
Click here for full text options  
 
          
Conservation Dogs to Detect Blanding's Turtle Nests prior to Road Rehabilitation Activities. 
2017 
Priddle M  
Conference Title: TAC 2017: Investing in Transportation: Building Canada's Economy - - 2017 
Conference and Exhibition of the Transportation Association of Canada.Held: 00000-00000. 
2017. 1 PDF file, 1.5 MB, 10p.  
Blanding's Turtles nest in the granular shoulders of roadways, burying eggs beneath the ground 
surface. Visual detection of nests is not possible. Highway rehabilitation can damage or destroy 
eggs from May 21 to October 31. Detection dogs were trained in Ontario to locate Blanding's 
Turtles nests, a federally and provincially listed Species at Risk, along roadways. This work 
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contributes directly to environmental protection during road infrastructure renewal and 
conservation of species at risk turtles. 
URL http://www.tac-
atc.ca/sites/default/files/conf_papers/mcintosh_perry_conservation_dogs-complete.pdf 
 Link to the Ovid Full Text or citation: 
Click here for full text options  
 
 
Assessing the cost-efficiency of environmental DNA sampling 
https://besjournals.onlinelibrary.wiley.com/doi/full/10.1111/2041-210X.12598 
 
 
Using environmental DNA to detect the presence of Blanding’s Turtle (Emydoidea blandingii) 
http://commons.lib.niu.edu/handle/10843/16840 
 
 
Environmental DNA bioassays corroborate field data for detection of overwintering species at 
risk Blanding’s turtles (Emydoidea blandingii) 
https://cdnsciencepub.com/doi/abs/10.1139/gen-2020-0043 
 
 
Using environmental DNA to determine wood turtle (Glyptemys insculpta) presence in New 
Brunswick, Canada rivers 
https://unbscholar.lib.unb.ca/islandora/object/unbscholar%3A10051 
 
 
60 specific eDNA qPCR assays to detect invasive, threatened, and exploited freshwater 
vertebrates and invertebrates in Eastern Canada 
https://onlinelibrary.wiley.com/doi/full/10.1002/edn3.89 
 
 
A Brief Review of Non-Avian Reptile Environmental DNA (eDNA), with a Case Study of Painted 
Turtle (Chrysemys picta) eDNA Under Field Conditions 
https://www.mdpi.com/1424-2818/11/4/50 
 
 
Environmental DNA surveys help to identify winter hibernacula of a temperate freshwater 
turtle 
https://onlinelibrary.wiley.com/doi/10.1002/edn3.58 
 
 
Development and Validation of Environmental DNA (eDNA) Markers for Detection of 
Freshwater Turtles 
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0130965 
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https://www.mdpi.com/1424-2818/11/4/50
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Development and validation of rapid environmental DNA (eDNA) detection methods for bog 
turtle (Glyptemys muhlenbergii) 
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0222883 
 
 
Can We Use Environmental DNA to Detect Alligator Snapping Turtles (Macrochelys 
temminckii) at the Edge of Their Range? 
https://experts.illinois.edu/en/publications/can-we-use-environmental-dna-to-detect-alligator-
snapping-turtles 
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Introduction 

The wood turtle (Glyptemys insculpta) is considered an at-risk species that has been petitioned 

for federal listing under the Endangered Species Act (ESA); it is currently listed as ‘Under 

Review’ by the U.S. Fish and Wildlife Service (USFWS). The Department of Defense (DoD), 

through its Partners in Amphibian and Reptile Conservation (PARC) network, and the USFWS, 

have developed Best Management Practices (BMPs) for the wood turtle. The management 

practices described in this document were developed specifically for DoD installations, but are 

also suitable for implementation off DoD installations. 

The management practices described in this report are intended to serve as guidelines that DoD 

natural resource managers can use to help plan, prioritize, and implement conservation and 

management actions that provide a conservation benefit to the wood turtle, while also providing 

information to comply with regulatory processes such as Environmental Protection Agency’s 

National Environmental Policy Act (NEPA) and associated components (i.e., Environmental 

Assessments, Environmental Impact Statements). Implementation of these BMPs should not 

impede military readiness activities, should be documented in installation Integrated Natural 

Resource Management Plans (INRMPs), and should align with existing efforts among the DoD, 

federal/state governmental agencies, and non-governmental organizations (NGOs) to prevent this 

species’ continued decline and preclude its listing under the ESA. 

Species Profile 

Description:  

Adults are typically 7 to 9 inches (14-20 cm) in length. Males are larger than females and have a 

thicker, longer tail and prominent dermal scales on the anterior surface of the forelimbs. Wood 

turtles have a very rough-textured carapace (top shell) with large scutes (the individual scales 

covering the shell) consisting of irregular pyramids of concentric grooves and ridges (Figure 1). 

The plastron (lower shell) is typically yellow with large, often rectangular black markings that 

fade over time. The plastron is typically concave for adult males and mostly flat for adult 

females. The posterior edge of the plastron has a large V-shaped notch below the base of the tail 

(Figure 2). The rear marginal scutes past the hind legs are serrated and adjoin the lower lateral 

side of the carapace, whereas the front marginal scutes are smooth and form a bridge between the 

carapace and plastron. The head and neck are brown, yellow, or bright orange, and parts of the 

face, tail, and limbs may also be orange. 

 

 
 

Figure 1. Wood Turtle Carapace       Figure 2. Wood Turtle Plastron (male) 

Picture by Paul Block 

Picture by Jon VanDeventer 
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Hatchlings are approximately 1 inch (2.8-3.8 cm) in length and lack the pronounced grooves and 

ridges, and bright yellow and orange colors of the adults. Furthermore, they lack spots on their 

other dorsal scutes, distinguishing them from the eastern box turtle for which they are often 

mistaken. The plastron is not hinged at any growth stage.  

 

Range: The U.S. range of this species includes the states of Connecticut, Iowa, Massachusetts, 

Maryland, Maine, Michigan, Minnesota, New Hampshire, New Jersey, New York, Ohio, 

Pennsylvania, Rhode Island, Virginia, Vermont, Wisconsin, and West Virginia (Figure 3). Their 

original native range extended as far south as Tennessee and Georgia during the last glacial 

advance, based on fossil evidence (Ernst and Lovich 2009). 

 

Figure 3. Wood Turtle Range Map (Source: NatureServe 2019). 

 
 

 

Distribution on Military Sites: The wood turtle is confirmed present on the following 13 

military sites: 
  

 Air Force: Hanscom Air Force Base (Massachusetts); New Boston Air Force Station 

(AFS) (New Hampshire) 
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 Army: Camp Grayling Joint Maneuver Center (Michigan); Devens Reserve Forces 

Training Area (Massachusetts); Fort Belvoir (Virginia); Fort Drum (New York); Fort 

Indiantown Gap (Pennsylvania); Fort McCoy (Wisconsin); Franklin Armory (Indiana); 

Letterkenny Army Depot (Pennsylvania); Pembroke Regional Training Institute (New 

Hampshire); Picatinny Arsenal (Virginia); West Point Military Reservation (New York) 

  

The wood turtle is unconfirmed and potentially present on the following 26 military sites; 

specimens have been found in the same county as these sites, but not within the boundaries of the 

installation itself: 

 

 Air Force: Joint Base Andrews (Maryland); Joint Base McGuire-Dix-Lakehurst (New 

Jersey); Warren Grove Air National Guard (New Jersey); Westover Air Reserve Base 

(Massachusetts) 

 

 Army: Aberdeen Proving Ground (Maryland); Adelphi Laboratory Center (Maryland); 

Auburn Training Site (New York); Bangor Army National Guard Base (Maine); Bangor 

Training Site (Maine); Blossom Point Research Facility (Maryland); Bog Brook Training 

Site (Maine); Brunswick Training Site (Maine); Camp Smith Training Site (New York); 

Carlisle Barracks (Pennsylvania); Caswell Training Site (Maine); Ethan Allen Firing 

Range (Vermont), Fort George G. Meade (Maryland); Gardiner Training Site (Maine); 

Hollis Training Site (New Hampshire); Plymouth Training Site (Maine) 

 

 Navy: Great Pond Outdoor Adventure Center (Maine); Naval Station Newport (Rhode 

Island); Naval Computer and Telecommunications Area Master Station Cutler (High 

Frequency Site, Very Low Frequency Site) (Maine); Naval Support Facility Carderock 

(Maryland); Naval Weapons Station Earle (New Jersey); Rangeley Survival, Evasion, 

Resistance and Escape School (Maine) 

 

Habitat: Wood turtles are primarily found near forested streams, in which they hibernate during 

the winter. They prefer streams with sand, gravel, or rocky bottoms, as opposed to mud and silt 

(Ernst and Lovich 2009). They are considered semi-aquatic turtles, and will readily leave the 

water and move to open grasslands, barrens, and sandy shores for nesting and foraging, 

particularly during the spring. Loose, sandy soils are often their preferred nesting substrate, 

which makes habitats created by recent disturbance (including construction sites, road berms, 

bridge embankments, military maneuver areas and ranges, dirt roads and utility right of ways) a 

primary resource for gravid females. All wood turtles require well-oxygenated and clean water 

streams for their health and for the abundance of in-stream prey (Kleopfer et al. 2014). 

 

Behavior: In spring, wood turtles emerge from their aquatic habitat and congregate in small 

masses along streambanks and marshes to mate and feed. At this time, turtles are highly 

concentrated and potentially more vulnerable to predation, fire, disease, and poaching. Turtles 

have a second mating period in the fall. Females may mate with multiple males and delay 

fertilization, often producing mixed paternity nestlings. Nesting occurs from spring to summer, 

with nests of 3-20 eggs (typically 5 to10 eggs) laid in soft soil. 
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Neonatal turtles may not emerge from their nest during the year in which they hatch (Parren and 

Rice 2004), but most do between mid-August and early-October, and typically follow the path of 

least resistance down to the nearest running water. The water provides protection, but the highest 

mortality rates for the species are incurred from the egg to sub-adult stages. Sexual maturity is 

reached between 12-18 years, and adults have a roughly 90% or better annual survival rate in 

sustainable populations. Adults may live beyond 70 years in the wild and may continue to breed 

well past the age of 45 (Ernst and Lovich 2009). 

 

Wood turtles eat vegetation (both aquatic and terrestrial), mushrooms, invertebrates, carrion, and 

other food sources. The turtles may have diapause periods during the hottest months in the 

southern part of its range, returning to cool waters. Active during the fall, cooler nighttime 

temperatures will drive them back to the streams to brumate under cut banks, debris, rock piles, 

and other instream features for the cold months from October/November through March 

(depending on seasonality and location within the range). Turtles may be active during brief 

periods throughout the winter and have been seen moving slowly down presumably warmer 

stream channels when surface air temperatures were low, but unseasonably mild.  

 

Threats: Threats to this species include habitat loss and fragmentation, road mortality, 

subsidized predators (including raccoons and opossum), poaching, invasive plants in nesting 

habitat, degraded water quality, and subsidized pathogen dispersal (such as ranavirus and upper 

respiratory disease). 

 

Conservation Status 
 

Wood turtles are designated as a Species of Greatest Conservation Need (SGCN) in the State 

Wildlife Action Plans of all 17 states in which they occur, considered Endangered by the IUCN, 

and have been petitioned for federal listing under the ESA as Threatened. Additionally, wood 

turtles are state-endangered in Iowa and state-threatened in Minnesota, New Jersey, Virginia, and 

Wisconsin. This species was petitioned for federal listing status as Threatened in 2012 and the 

USFWS made a 90-day substantial finding in 2015 (USFWS 2015), stating there is “substantial 

information indicating that the petitioned listing may be warranted,” and the species is scheduled 

for a federal listing determination in fiscal year 2023 (USFWS 2016). A previous petition for 

federal listing in 1995 was rejected. Canada listed the species as Threatened under the Species at 

Risk Act (SARA). 

 

Recommended Conservation Implementation Strategies and Best Management 

Practices for Wood Turtles on Military Sites 

 
In general, implementation of the specific BMPs listed below should not be performed at the 

expense of an existing wood turtle population. Habitat management practices, while serving 

long-term benefits, should be carefully pre-planned prior to their implementation to minimize 

potentially adverse impacts to turtle activity periods and locations. Make sure to document 

performance of any of the following BMP’s, whether current or future, in your installation’s 

INRMP. The USFWS may consider these proactive conservation actions prior to making a 

listing determination for this species (Kingsbury and Gibson 2012, Mitchell et al. 2006).   
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1. Identify and protect wood turtle streams and contiguous upland habitats 

on military properties. Review aerial photography and installation 

Geographical Information System (GIS) data to identify potentially suitable 

stream channels with unconsolidated bottoms and contiguous upland habitats. 

Identify exposed sandy and soft soil areas such as alluvial deposits, exposed 

stream banks, and barrens within 1,000 feet of the channels for potential 

nesting hotspots. Follow-up by ground-truthing prospective areas, and if they 

appear to support suitable habitat, or are known to support wood turtles, post 

as necessary with official signage along roads and other human travel 

corridors to inform personnel about the actual or potential presence of wood 

turtles and their vulnerability to military operations and other human 

activities. This is particularly important on roads with high turtle mortality, or 

exposed, bare road margins and unpaved surfaces. Include a contact number 

on signage to report observations of illegal and/or unauthorized operations and 

activities. If you have concerns the signs will bring attention to sites where 

wood turtles could be illegally collected, posting generic turtle crossing signs 

is recommended.    

 

2. Survey existing wood turtle populations on military sites. Monitoring 

existing wood turtle populations is critical to understanding if a population is 

increasing or decreasing. Survey methods (see inventory and monitoring 

techniques for wood turtles below) and level of effort are variable and can be 

tailored to available time and funding constraints. Consider conducting 

surveys for this species on your military installation if it has the potential to be 

present, but has not yet been confirmed. 

 

3. Avoid clearing natural vegetation along stream edges, especially riparian 

forest buffers. Maintenance of canopy vegetation over stream riparian zones 

produces protective cover for entering/exiting turtles, lowers instream 

temperature, stabilizes erosion and siltation, enhances the diversity of prey 

items, and produces in-stream features and cover like root tangles and coarse 

woody debris for turtles. 

 

4. Retain snags, logs, rocks, and other structures in stream channels and 

aquatic habitats. These natural habitat elements provide basking and shelter 

sites for wood turtles. However, it is recommended that unnatural debris (e.g., 

tires, trash) be removed. 

 

5. Prohibit collection of turtles on your installation. Collection of turtles for 

commercial or scientific purposes can have negative impacts to local 

populations due to their longevity and delayed sexual maturity, and is an 

illegal activity in many states where they occur. Wood turtles can bring high 

prices on the black market, both domestically and abroad, and poaching 

should not be considered a minor or harmless activity. Non-target species such 

as wood and spotted turtles are often disturbed, injured, or killed in the course 

of trapping for other permitted species. Military natural resource managers 
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should consider prohibiting collection of all native turtles on military sites, 

even in the few states where collection is not prohibited.  

 

6. Distribute fact sheets and outreach tools. Educational fact sheets and 

pamphlets (e.g., http://northeastparc.org/wood-turtle-brochure/) can be shared 

with military and civilian personnel to inform them about this at-risk species. 

 

7. Control subsidized predator populations. Subsidized predators are species 

whose populations have increased in part due to enhancement of food and 

habitat provided directly or indirectly by humans. Raccoons, foxes, coyotes, 

and corvids are well-known natural predators of wood turtles and their nests. 

Installation residents should limit access to food, garbage, and shelter for 

subsidized predators. In addition, pets such as cats and dogs can also be 

predators of wood turtles. Installation residents should limit pet access to 

wood turtle habitats, where they might prey upon nests and turtles, and keep 

pets leashed near these habitats. Secured trash disposal and waste and debris 

cleanup can limit the expansion and concentration of these predator 

populations. Discourage residents from feeding outdoor animals or from 

feeding pets outside. 

 

8. Establish dismounted stream buffers around permanent channels and 

wetlands. If possible, avoid use of military and all other vehicles (including 

all-terrain vehicles) in wetland habitats, and establish a vehicle-free buffer 

zone of at least 30 to 100 meters around the edges of permanent streams and 

wetland structures (Jones et al. 2018). Install barriers in areas where 

unauthorized stream crossings or wetland incursions occur to minimize 

wetland and channel damage and stream sedimentation. Operation of vehicles 

in the soft soils around or in aquatic habitats can cause significant rutting 

damage to the ground, kill sensitive vegetation, and lead to serious erosion 

issues. Any area that is impacted as such should be restored towards its natural 

condition. The use of tracked equipment for mechanical wetland restoration 

projects during dry conditions is preferred. 

 

9. Control or remove invasive and non-native species. Invasive species may 

include various plants that grow at unnaturally high densities, particularly in 

the absence of fire and in both wetlands and uplands, thereby changing 

physical habitat structure and overcrowding basking and nesting 

opportunities, both of which adversely impact the turtles. Non-native aquatic 

plants such as Japanese knotweed, Hydrilla, Phragmites, and purple 

loosestrife, can have negative impacts to aquatic habitats by outcompeting 

native wetland plants. Invasive species may also include animals such as feral 

hogs and red-eared sliders (Trachemys scripta elegans) that depredate or 

compete with wood turtles for resources. The best procedures for controlling 

invasive species are those that both effectively limit their proliferation, as well 

as minimize potentially harmful impacts to turtles, and will vary according to 

the invasive species in need of control, and numerous criteria specific to each 
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installation. Therefore, consult your natural resources staff for invasive 

species control guidelines for your installation. 

 

10. Maintain or improve water quality. Prevent input of sediment and 

chemicals (fertilizers) in surface water to maintain or improve water quality. 

Where feasible, minimize soil disturbance when using heavy equipment near 

wetlands. Use native wood chips or hay bales to slow or prevent intrusion of 

sediments into wetlands at construction sites. Use the minimum amount of 

fertilizers, herbicides, and pesticides necessary to achieve management 

objectives, especially on lawns and golf courses. 

 

11. Minimize road mortality. Roads can fragment wood turtle habitat, create 

barriers to dispersal, and increase the potential of road mortality. When 

possible, minimize the construction of new roads and use existing roads and 

trails for military training activities. Consider installing turtle 

crossings/culverts under established roads and trails wherever and whenever 

feasible to lessen vehicular mortality (e.g., between stream and nesting 

habitat). 

 

12. Encourage unpaved trail surface cohesion with tackifiers and emulsions. 

Unconsolidated trail surfaces provide ill-fated nesting opportunities for female 

wood turtles. Hardening this surface makes the area less attractive and deters 

turtles from lingering on the trail or attempting to excavate a nest. The surface 

will also be less erodible, preserving surface water quality and saving 

maintenance costs for resurfacing. 

 

13. Mow in ways which reduce direct mortality. If possible, mow roadsides and 

bivouac fields with agricultural tires and decks at least 8 inches or higher and 

during hot times of the day when turtles avoid the most exposed habitats. 

Mow fields from inside-out to avoid trapping turtles. Use single-annual 

dormant-season treatments if possible when turtles are in their streambed 

habitats in late fall, through the winter, and while the ground is still frozen in 

early spring. For hayed areas, do first cutting after turtle nesting season 

(generally safe after mid-July). 

 

14. Avoid creating incised streams and steep banks, and placing rip-rap 

along shorelines. Turtles will readily attempt to, but rarely successfully 

navigate across these obstacles, leading to mortality in hatchling turtles on 

long/steep drops as they attempt to move towards the stream, and critical 

energy loss in adult turtles as they attempt to move away from the stream. All 

scenarios can lead to drownings, a significant mortality factor even in this 

semi-aquatic species. 

 

15. Consider restricting recreational fishing in wood turtle-occupied waters. 

Fishermen can detrimentally remove food sources for wood turtles such as 

amphibians, eggs, and large invertebrates. They also apply pressure by 



9 
 

releasing their unused bait into the water such as exotic frogs, rusty crayfish, 

and invasive earthworms, which may compete for the same food source as the 

turtles. 

 

16. Dispose of uncontaminated dredge spoil in areas that would benefit 

nesting turtles. Although dredging degrades habitat quality for some species, 

spoil piles that are high in sand content can serve as important turtle nesting 

habitat if deposited above the high-water mark along the shore or as islands 

within waterways. Consider creating wood turtle nesting habitat using dredge 

spoil materials.  

 

Benefits of Wood Turtle Best Management Practices to Military Training 

Operations 
 

1. Identification of wetland sites enables military planners to consider these sensitive 

habitats when developing and/or scheduling training and maneuvering activities. 

2. Management of invasive species lessens the damage they may cause to training 

and maneuver area conditions and provide natural, realistic training environments. 

3. Minimum setbacks ensure long-term stability of military training areas. 

4. Proper erosion control and stream management provides a suite of species 

protections, while also reducing cost and burden on immediate and downstream 

features and structures, including maneuver trails, dams, reservoirs, recreational 

lakes, and amphibious training sites. 

5. High-quality wood turtle habitat provides excellent cover and concealment for 

bivouacing, and shade for work-rest ratios, and breaks up the landscape for 

trainers to introduce multiple objective scenarios. 

6. Wood turtle habitat enhancements can be used for establishing mitigation banks 

for several candidate and listed species with comparable habitat requirements, 

including the spotted turtle, Northern red-bellied cooter, Blanding’s turtle, and 

bog turtle. 

7. Training in wood turtle habitats can be harsh on vehicles, equipment, and 

personnel. Avoidance of these habitats may prevent unnecessary vehicle and 

equipment repair costs and loss of training time by military personnel.   

 

Military Points of Contact  
 

Contact your Military Service headquarters natural resources personnel with questions regarding 

wood turtle management and conservation actions: 

 

Navy: Tammy Conkle (tamara.conkle@navy.mil; 202-685-9203) 

Marine Corps: Jacque Rice (jacqueline.rice@usmc.mil; 571-256-2796) 

Army: Steve Sekscienski (steven.sekscienski@us.army.mil; 571-256-9725) 

Air Force: Kevin Porteck (kevin.porteck@us.af.mil; 210-925-4259) 

 

 

mailto:tamara.conkle@navy.mil
mailto:jacqueline.rice@usmc.mil
mailto:steven.sekscienski@us.army.mil
mailto:kevin.porteck@us.af.mil
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Species Experts  

 

Tom Akre: AkreT@si.edu; 540-635-0466 

David McNaughton: david.k.mcnaughton@navy.mil; (619) 532-4403 

Mike Jones: mtjones@bio.umass.edu; (508) 389-7863 

 

For additional experts on wood turtles, search the Partners in Amphibian and Reptile 

Conservation (PARC) Expert Partner Database. 

 

Inventory and Monitoring Techniques for Wood Turtles 
 

Wood Turtle Assessment Protocol 

The American Turtle Observatory and the Northeast Wood Turtle Working Group (see 

http://americanturtles.org) put together the Wood Turtle Assessment Protocol (Attachment A) for 

sampling wood turtle populations throughout the species’ range. The assessment can be 

performed for one season for a rapid assessment, or continued for several years for a long-term 

assessment (Jones and Willey 2014). Assessments are meant to take about an hour each, for a 

total of three surveys per season, walking one kilometer of stream (sinuous, not straight-line 

distance) with one to five observers. 

 

The American Turtle Observatory has have been accepting data collected during the usage of the 

Wood Turtle Assessment Protocol for several years and can include your data at no cost into the 

national dataset, to be used for the listing decision in 2023. This venture was originally formed to 

guide conservation actions, build partnerships, and avoid federal listing, if possible, and it has 

been guiding state conservation policy throughout the range of the turtle.  

 

Mark-recapture 

Mark-recapture is still the most widely-used method to census turtle populations. This technique 

involves making permanent marks on the shell, such as notching or drilling the lateral scutes to 

provide long-term, distinctive visual indicators of individual turtles. Use of Passive Integrated 

Transponders (PIT) can also be used to identify individuals for confirmation or for law 

enforcement purposes. Blood, nail, or tissue sampling taken during these surveys can also 

provide the material basis for a genetic mark-recapture based on mitochondrial DNA diversity, 

or to be used as eDNA bioassays for surveys of stream habitats for turtles. Researchers can 

perform these surveys annually or as time and funding allows. Genetic mark-recapture gives a 

better long-term analysis and physical mark-recapture provides a better immediate or annual 

picture of the status of a population. 

 

Basking Surveys 

Visual surveys of artificial or natural basking sites (i.e. logs, banks and sandbars, etc.) can be 

conducted with speed, efficiency, and a much shorter duration than other ground survey 

methods. This method is not ideal for quantification, but it requires much less effort than other 

survey methods such as mark-recapture. Optimum survey periods are early spring through the 

nesting season of early summer (D. McNaughton, pers. obs.). 

 

 

mailto:AkreT@si.edu
mailto:david.k.mcnaughton@navy.mil
mailto:mtjones@bio.umass.edu
https://parcplace.org/network/parc-partners/
http://americanturtles.org/
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High Priority Research Questions 
  

Confirmation of Wood Turtles at Unconfirmed Military Sites 

Many DoD installations (see Distribution on Military Site above) throughout the range of the 

wood turtle have the potential to have populations of this species, however, their presence is 

unconfirmed. It is recommended that surveys be conducted to confirm the presence or absence of 

the species on those military lands. The generally secretive habits of wood turtles frequently 

precludes the reliable detection of live individuals. Thus, if a dead (e.g., road-killed) specimen 

(or even just a shell) is opportunistically encountered on an installation, it should be 

photographed, its location recorded, and the information passed along to your Military Service 

headquarters natural resources personnel for proper documentation and confirmation. 

 

Connectivity Between Populations and Long-term Implications  

Illegal collection and poaching, stream channel modification and urbanization have led to 

declines and local extirpations of wood turtles causing fragmentation and isolation of once 

contiguous populations. Studies/surveys that focus on how populations of wood turtles interact 

among each other, the degree of gene flow among populations, and the impacts of long-term 

isolation of populations are needed.  

 

Population Size and Trends 

Most turtle species, and especially wood turtles, live long lives and do not reproduce until an 

advanced age. These characteristics make turtle populations extremely vulnerable to even low 

levels of adult mortality (Congdon et al. 1993). Therefore, the stability of a population on a 

military installation is influenced by population size (number of turtles present), demography 

(sex and age ratios), and population trajectory (rate of increase or decrease). Surveys that focus 

on population size and trends are needed on DoD sites.    

 

Upland Habitat Use Patterns 

On DoD sites where occupied wood turtle streams are adjacent to maneuver areas, factors such 

as activity buffers, soil compaction and exposure, and vegetation management procedures may 

all affect turtle usage and mortality. Research is necessary on DoD sites to determine how these 

factors affect turtle usage and mortality, and to further determine how to minimize mortality, 

while potentially enhancing survival. 

 

Biosecurity 

Those who train on military sites many bring equipment from distant locations. The movement 

of potential viral and fungal pathogens represents a threat to wood turtle health, as ranavirus and 

other outbreaks can cause catastrophic loss in a single season. Effective equipment 

decontamination and isolation measures may be the best protective measures for the long-term 

health of the population. Additionally, biosecurity for installations is rarely mentioned in 

INRMPs and other long-term planning documents. This is a necessary inclusion in species 

conservation plans for vulnerable taxa such as turtles. 

 

Additional Sources of Information on Wood Turtles 
 

American Turtle Observatory 

http://www.northeastturtles.org/wood-turtle-conservation-plan.html
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Chelonian Research Foundation 

IUCN 

NatureServe  

New Hampshire Wildlife Action Plan (Appendix A) 

Virginia Herpetological Society 
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Wood Turtle Assessment Protocol 

April 5, 2014 



Standardized Assessment Protocol for Wood Turtle Populations
Developed by the Northeast Wood Turtle Working Group 

(Dra April 5, 2014)

Summary.—is document outlines a simple and standardized sampling methodology for wood turtle populations. 
Two levels of assessment are described: Rapid (RA) and Long-Term/Reference (LTR). is protocol was developed 
in 2012 and 2013 by a regional team of researchers working from New Brunswick to Virginia. Results are compiled 
and analyzed annually by a team at the University of Massachusetts. e protocol is as follows: Designate one 
kilometer of meandering stream using Google Earth. Stream segments may be either those known to support wood 
turtles, or randomly generated stream segments (for random segments, contact the project coordinator). 
Permanently record the Start and Stop locations of your study segment in decimal degrees and flag them in the field; 
these locations remain fixed throughout the project. With one or more experienced observers, survey the designated 
segment three times in the Spring or Fall Season, when wood turtles are expected to be in or immediately adjacent to 
the overwintering stream in your region. For Rapid Assessments, simply conduct three surveys in any Spring or Fall 
season. For Long-Term Assessment, repeat the three surveys per season in at least four consecutive seasons (e.g., 
Spring-Fall-Spring-Fall). During each survey, record the Start and Stop Times and record the number of minutes that 
were NOT spent surveying (so they may be removed from analysis). Using a calibrated thermometer, record the air 
and water temperature and sky conditions at the beginning and end of the survey. e methodology outlined in this 
document is designed to be simple, flexible, to fit within existing research programs, and to accommodate regional 
differences in research priorities and wood turtle behavior. e success of the effort is tied to the number of sites 
sampled throughout the region, and so broad regional participation is encouraged, although the project is primarily a 
volunteer effort. Data collected through the regional effort are maintained in a centralized, web-based data 
repository at the University of Massachusetts in Amherst, Massachusetts.

• PLANNING PHASE, STEP I: SELECT A STREAM SEGMENT FOR STUDY. 
Identify a reach of stream that is suitable for study. It may either be (a) a stream segment known to be occupied by 
wood turtles; (b) a stream segment randomly generated by the regional effort; or (c) stream segment in a data-
deficient region. You should ensure that access to the property is allowed. Select 1 kilometer of meandering stream 
habitat using the Path Measurement tool in GoogleEarth or a similar program (e.g., ArcView, ArcMap, USGS topos). 
See Figure 1, next page. When possible, use GoogleEarth’s time machine function to locate “leaf-off” springtime 
aerial images because it is easier to see details of the riparian corridor in forested areas.

•PLANNING PHASE, STEP II: PERMANENTLY RECORD THE BOUNDARIES OF YOUR STUDY SITE. 
Record the upper and lower bounds (in decimal degrees) of the study segment using a GPS or GIS (e.g., Arc10; 
GoogleEarth). For example: START: 42.3737, -71.1313; END: 42.3685, -71.1221. In the field, flag your start and 
stop locations with survey tape. ese will remain the fixed bounds of your survey segment for the duration of the 
study. If the site is not randomly selected, you may position the site bounds so as to maximize homogeneity of land 
use (e.g., primarily urban, forested, or agricultural). 

1



•PLANNING PHASE, STEP III: CONDUCT A RECONNAISSANCE SITE VISIT. 

If you have not visited the site already, conduct a reconnaissance visit to make sure that property access is feasible 
and that the study reach should not be re-situated. 

•SURVEY PHASE, STEP I: ASSIGN “OBSERVER NUMBERS” TO THE SURVEYORS DURING EACH SURVEY. 

For each survey, identify between one and four surveyors, who should be numbered consecutively from 1 to 4. 
Observer #1 must be allowed to lead the survey. Observers may be assigned different numbers upon each survey, but 
“Observer #1” must always be designated clearly on the data sheet and must lead the survey team in order to have an 
independent survey. 

•SURVEY PHASE, STEP II: CONDUCT THREE SURVEYS WITHIN A SINGLE SEASON FOR A RAPID ASSESSMENT.  
Record the Start and Stop Time of your surveys. Record the total number of minutes that you spend NOT searching 
for wood turtles: processing turtles, eating lunch, etc. Record the air temperature, water temperature, and sky 
conditions at the start and stop of your survey. Observers should aim for a pace of 1 km in 1 hour of searching. Within 
the stream and adjacent stream-influenced areas (floodplain), search for wood turtles around woody structure and in 
open clearings. Use polarized lenses and walk upstream. Record ALL wood turtle observations, and note which 
observer located which turtle. Note the sex and juvenile breakdown of the total wood turtle sample. Measure, weigh 
(see “Measuring and Weighing Turtles”), photograph (carapace and plastron; see “Photographing Turtles”), and 
individually mark (see: “Marking Turtles”) all turtles captured. Note the presence of wood turtle tracks in the stream 
substrate. 

•SURVEY PHASE, STEP III: ENTER YOUR DATA

In the field, enter your data onto the standardized field forms available at http://northeastturtles.org/NE/
formsGLIN.html. Aer completing three surveys in a season, you have completed a Rapid Assessment. Hooray! If 
you are a participant in the regional study, which is ongoing in 2014-2015, enter your survey data into the regional 
database at http://northeastturtles.org/NE/GLINsurveys.html. 

•SURVEY PHASE, STEP IV: REPEAT IN A TOTAL OF FOUR SEASONS (TOTAL OF 12 SURVEYS) FOR A LONG-TERM 
ASSESSMENT

e success of this effort relies partly on a strong network of regional “Long-Term” or “Reference” populations, 
which are sampled more intensively than Rapid Assessment Sites. If you have the resources and interest, consider 
repeating the three-visit protocol in three additional consecutive seasons. Aer four seasons of sampling, it is oen 
possible to build an open-population estimate of population size during the sampling period, which is useful in 
determining regional abundance patterns and trends. 

Please contact with questions: 

Mike Jones or Liz Willey
Massachusetts Cooperative Fish and Wildlife Research Unit
University of Massachusetts
Amherst, MA 01003
mtjones@bio.umass.edu

2

http://northeastturtles.org/NE/formsGLIN.html
http://northeastturtles.org/NE/formsGLIN.html
http://northeastturtles.org/NE/formsGLIN.html
http://northeastturtles.org/NE/formsGLIN.html
http://northeastturtles.org/NE/GLINsurveys.html
http://northeastturtles.org/NE/GLINsurveys.html
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Figure 1. Illustration of study site delineation in GoogleEarth. e yellow lines in both “A” and “B” illustrate one kilometer meandering sections of 
suitable wood turtle habitat. ese are fixed survey segments for either 3 surveys in one season (Rapid Assessment), or twelve over four seasons as 
outlined above (Long-Term). In both instances pictured, the population is believed to be extirpated. Note that both transects were drawn using 
leaf-off springtime aerial images taken in April. 
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1. EXECUTIVE SUMMARY 1 

The Wood Turtle (Glyptemys insculpta) is a state-threatened species in Minnesota and was identified in 2 
Minnesota’s Wildlife Action Plan (2015-25) as a species in need of a statewide management plan. This 3 
document, the Minnesota Wood Turtle Conservation Plan, identifies issues, 10-year goals, prioritized 4 
strategies, and targeted implementation activities. The purpose of this plan is to identify strategies to 5 
start moving the species toward recovery. 6 

The Minnesota Department of Natural Resources (MNDNR) Nongame Wildlife Program formed a Wood 7 
Turtle Planning Team composed of biologists with Wood Turtle expertise to guide development of the 8 
conservation plan. The MNDNR also coordinated a Northeast Work Group and a Southeast Work Group 9 
to address region-specific implementation planning and prioritization for northeast (including central) 10 
and southeast Wood Turtle populations. Emmons and Olivier Resources, Inc. (EOR) was contracted to 11 
coordinate the plan development process and write the plan with regular input meetings and feedback 12 
from the Planning Team. 13 

The Planning Team established an overarching conservation goal for the Wood Turtle in Minnesota: 14 

Conservation Goal: To maintain and enhance Wood Turtle populations throughout their range in 15 
Minnesota with the goal of having viable populations.  16 

The Planning Team identified five issues affecting the Conservation Goal: 1) habitat, 2) adult mortality, 17 
removal, and sub-lethal impacts, 3) juvenile recruitment, 4) knowledge gaps, and 5) partnerships. The 18 
Planning Team subsequently developed broad, statewide 10-year goals that address each issue, with 19 
specific strategies and sub-strategies to progress toward the 10-year goals. 20 

The regional Work Groups used the strategies and sub-strategies developed by the Planning Team to 21 
detail region-specific targeted implementation activities, milestones, tracking metrics, prioritization, 22 
and target start dates for each sub-strategy. An Implementation Plan summarizing this information was 23 
developed collaboratively by the Planning Team and Work Groups. It will be the primary means of 24 
planning, implementing, and tracking the strategies and activities identified in the plan. 25 

Tracking performance toward targets is an important step to the Implementation Plan. Performance 26 
toward targets will be assessed every two years by documenting completed activities. After five years, 27 
work to date will be evaluated with potential for re-prioritization, timeline adjustment, and additional 28 
activities. 29 

Location information pertaining to threatened and endangered species is very sensitive. Place names 30 
have been replaced throughout the document in consideration of data sensitivity. 31 

The location data for rare species identified under Minnesota’s Endangered Species Law (Minnesota 32 
Statutes 84.0895) are considered non-public data under M.S. 84.0872 and should not be duplicated, 33 
publicized, or shared with others.   34 
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2. INTRODUCTION AND BACKGROUND INFORMATION 35 

Scientific name:   Glyptemys insculpta 36 
Synonym:    Clemmys insculpta 37 
Common name:    Wood Turtle 38 

Category:    Reptile 39 
Family:     Emydidae 40 

 41 
NatureServe global status:  G3, vulnerable 42 
IUCN global status:  Endangered 43 
NatureServe state status:  S2, imperiled 44 
CITES protection:  Appendix II 45 
State legal status:   State threatened 46 
Minnesota Rules:   Chapter 6134, listed Wood Turtle as “MN threatened” since 1984 47 
Legal citation:    Minnesota Statute 84.0895 48 

2.1. CONSERVATION PLAN OBJECTIVE 49 

The Minnesota Wood Turtle Conservation Plan was developed to identify conservation strategies for 50 
the Wood Turtle in Minnesota. Minnesota’s Wildlife Action Plan (2015-25) identified the Wood Turtle 51 
as a species in need of a statewide management plan. The Minnesota Department of Natural Resources 52 
(MNDNR) Nongame Wildlife Program formed a Planning Team composed of biologists with Wood 53 
Turtle expertise to develop the plan. The Conservation Plan identifies issues, 10-year goals, prioritized 54 
conservation strategies, and targeted implementation activities. This plan is different from a recovery 55 
plan in that it does not identify targets for recovery and delisting of the Wood Turtle. Rather, the 56 
strategies identified in the Conservation Plan will start moving the species toward recovery and can be 57 
used to inform a future recovery plan.  58 

2.2. SPECIES DESCRIPTION 59 
The Wood Turtle is a medium sized turtle with an adult carapace (upper shell) length averaging 60 
between 14-20 centimeters (Moriarty and Hall 2014, Powell et al. 2016). Observations of adults 61 
measuring 25 centimeters and above have been reported in northeastern Minnesota populations 62 
(Naber and Majeski 2010, Moriarty and Hall 2014). The Wood Turtle is distinguished by its broad, 63 
rugged carapace with raised, irregularly shaped pyramidal scutes (plates forming the upper and lower 64 
shells) and a central keel. Carapace color varies from brown to gray to tan; scutes of some individuals 65 
occasionally include yellow rays arranged in a sunburst pattern. The plastron (lower shell) is yellow 66 
with black blotches on the outer part of each scute. Dorsal skin coloring is brown and the underside of 67 
the neck, throat, and forelegs are generally yellow in Minnesota populations; coloration varies from 68 
yellow to orange to red across the Wood Turtle range. Hatchlings are drab, while juveniles may be 69 
colorful. Hatchling shells are circular, nearly flat, and are greenish-gray in color. Differences in 70 
appearance between adult sexes include size, coloring, and shape. Males are generally 7-10 percent 71 
larger than females with brighter coloring, more concave plastrons, and longer, thicker tails. 72 

2.3. STATUS, DISTRIBUTION, AND TRENDS ACROSS RANGE 73 

2.3.1 Status 74 
Though the Wood Turtle is not a federally listed species, it is widely considered a species at risk and is 75 
under consideration for federal listing in 2023. The Wood Turtle is designated as globally endangered 76 
by the International Union for Conservation of Nature (IUCN) (van Dijk and Harding 2011). It is ranked 77 
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as vulnerable both globally (G3), and nationally (N3) in the United States (updated 2010) and Canada 78 
(updated 2016) (NatureServe 2019). Of the 22 subnational jurisdictions within the Wood Turtle range, 79 
it is ranked as imperiled in seven and critically imperiled in two* (Table 1; NatureServe 2019). 80 
International trade of the Wood Turtle is legal but strictly regulated according to Appendix II of the 81 
Convention on International Trade in Endangered Species (CITES) (CITES 2017). 82 

Table 1: Wood Turtle subnational conservation ranks (NatureServe 2019) and legal status.  83 
Jurisdiction NatureServe S-Rank Legal Status 
District of Columbia SH - Possibly Extirpated Not Listed 
Iowa S1 - Critically Imperiled Endangered 
Ohio* S1 - Critically Imperiled Not Listed 
Michigan S2 - Imperiled Special Concern 
Minnesota S2 - Imperiled Threatened 
New Jersey S2 - Imperiled Threatened 
Nova Scotia S2 - Imperiled Threatened 
Ontario S2 - Imperiled Endangered 
Quebec S2 - Imperiled Threatened 
Rhode Island S2 - Imperiled Species of Concern 
Virginia S2 - Imperiled Threatened 
New Brunswick S2S3 - Imperiled/Vulnerable Threatened 
Connecticut S3 - Vulnerable Special Concern 
Massachusetts S3 - Vulnerable Special Concern 
New Hampshire S3 - Vulnerable Special Concern 
New York S3 - Vulnerable Special Concern 
Vermont S3 - Vulnerable Special Concern 
West Virginia S3 - Vulnerable Special Concern 
Wisconsin S3 - Vulnerable Threatened 
Pennsylvania S3S4 - Vulnerable/Apparently Secure Not Listed 
Maine S4 - Apparently Secure Special Concern 
Maryland S4 - Apparently Secure Not Listed 

*The Wood Turtle is not considered native in Ohio and is known only from a couple of specimens (ODNR  2019). 84 
2.3.2 Distribution 85 
Wood Turtles occur in 17 states and four provinces within the eastern United States and Canada, with 86 
recent isolated observations in the District of Columbia (District Department of the Environment 2015). 87 
The distribution ranges northeast to southwest along the Atlantic coast from Nova Scotia and New 88 
Brunswick to Maryland, Virginia, and West Virginia, with the range extending west to eastern 89 
Minnesota and northeastern Iowa (Figure 1; NatureServe 2019). Though the distribution covers a large 90 
area, the known area of occupancy is discontinuous and is estimated to be much smaller than implied 91 
by the map (Environment Canada 2016). 92 

  93 
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 94 
Figure 1. Global Wood Turtle distribution (NatureServe 2008, MNDNR 2018). 95 

 96 
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2.3.3 Trends 97 
Generally, Wood Turtle populations are considered in decline throughout their range, although 98 
quantitative population trends are limited to a few local populations. Most current populations are 99 
considered small, isolated, and at risk of extirpation. In Iowa, the Wood Turtle population is small and 100 
lacks recruitment, but is relatively diverse and did not show evidence of bottleneck effect (Spradling et 101 
al. 2010). Population declines at three rivers in Michigan were inferred from genetic analyses based on 102 
effective breeding size, though the study detected no evidence of bottleneck effect and little evidence of 103 
inbreeding (Willoughby et al. 2013). Conversely, the same Michigan population increased by an average 104 
of 2-3 percent annually based on estimates from an 18-year mark-recapture study (Schneider at al. 105 
2018). These studies of the same population using different methods illustrate the challenge of 106 
documenting long-term trends in slow-breeding populations such as Wood Turtles. In Canada, the 107 
number of adults is estimated to be declining at a rate of >10 percent in three generations (COSEWIC 108 
2007). Of 13 stream populations assessed in Canada, two remained stable and 11 exhibited decline 109 
based on quantitative analysis and expert opinion (Environment Canada 2016). No estimates exist for 110 
the overall United States population; the Canadian Wood Turtle population is estimated between 6,000 111 
and 12,000 individuals (COSEWIC 2007). 112 

2.4. STATUS, DISTRIBUTION, AND TRENDS ACROSS RANGE IN MINNESOTA 113 

2.4.1 Status 114 
The Wood Turtle was designated a threatened species in Minnesota in 1984. It is legally protected under 115 
Minnesota’s Threatened and Endangered Species statute (84.0895) and is a Species in Greatest 116 
Conservation Need in the state.  117 

2.4.2 Distribution 118 
Within Minnesota, the Wood Turtle’s range covers the eastern portion of the state (Figure 2). Historical 119 
information on Wood Turtle distribution in the state is lacking. Observations of Wood Turtles are 120 
recorded in 16 counties, with populations primarily concentrated in the northeast within the Northeast 121 
D River watershed (northeast region) and in the southeast within the Southeast B River drainages 122 
(southeast region) (Moriarty and Hall 2014). There are four main populations of Wood Turtles in the 123 
northeast region and one apparently viable population in the southeast region. Wood Turtle 124 
populations within Minnesota extend across state boundaries, with populations shared by Wisconsin 125 
in the northeast and Iowa in the southeast. The Conservation Plan is considering the northeast and 126 
southeast regions separately due to the different needs of populations based on regional land use and 127 
respective population sizes.  128 

2.4.3 Trends 129 
Records of Wood Turtle occurrence in Minnesota date back to the 1930s based on reports included in 130 
the Minnesota Natural Heritage database, with formal surveys first initiated in the 1980s. The largest 131 
concentration of Wood Turtle populations occurs in the northeast region, whereas the southeast 132 
populations are comparatively small (Hamady and Hall 2011). Information is lacking on populations 133 
within the central part of the state. 134 

Population trends for Wood Turtles in Minnesota indicate reason for concern. Observational data for 135 
some populations show a concerning decrease in the number of turtles being caught during surveys. 136 
Some populations are dominated by older adult turtles with little evidence of juvenile recruitment, 137 
suggesting that these populations may be declining. Overall, populations are generally small, isolated, 138 
and at risk for extirpation.  139 

Limited population trends exist for the state, but recent efforts quantified trends for select populations. 140 
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Changes in a population in the northeast were examined by comparing surveys conducted in 1990 and 141 
2015, using population monitoring data from 1997-2014, and performing a population reconstruction 142 
on almost 30 years of mark-recapture data (Cochrane et al. 2018; Moen et al. 2018; Berkeland et al. 143 
2019). The study found no significant difference in relative abundance, adult sex ratio, juvenile-adult 144 
ratio, or mean body size between 1990 and 2015, and the population growth rate was stable from 1997-145 
2014 (Cochrane et al. 2018). The population reconstruction suggests that the population has been 146 
relatively stable over the past 30 years (Moen et al. 2018, Berkeland et al. 2019), but it also indicates 147 
that there has been a declining population growth rate from 2006-2017 compared to 1990-2005 148 
(Cochrane et al. 2018). 149 

Of particular concern are monitoring data from 2016-2018 which indicate a sudden and substantial 150 
decrease in the number individuals coinciding with a large number of dead turtles found on surveys 151 
(Berkeland et al. 2019, Crozier 2020). The estimated abundance at eight long-term monitoring sites was 152 
247 individuals in 2016, and this estimate declined to 88 in 2018. Population modeling indicates that 153 
adult survival needs to be very high (about 95-97 percent) to sustain a stable population (Berkeland et 154 
al. 2019). The amount of mortality observed at long-term monitoring sites in recent years indicates that 155 
recent adult survival is likely below this 95-97 percent threshold. Based on the results of these analyses, 156 
it is possible that this northeast population is declining, as the different analyses indicate either a stable 157 
or declining population. Threats to adult Wood Turtles are of major concern for population viability 158 
given the high adult survival rate needed to maintain a stable population.  159 
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 160 
Figure 2. Wood Turtle distribution in Minnesota by county (Moriarty and Hall 2014). 161 

 162 
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2.5. ECOLOGY AND LIFE HISTORY 163 

2.5.1 Phenology 164 
The active season for Wood Turtles begins in mid to late April when they emerge from hibernation, with 165 
turtles in the southeast emerging slightly earlier (Moriarty and Hall 2014, C. Hall, personal 166 
communication). Turtles typically remain close to the river early in the year, basking on warm days 167 
(Moriarty and Hall 2014, Crozier and Hamady 2018). Wood Turtles breed primarily in the spring, but 168 
breeding activity can extend into the fall (Walde et al. 2003, Moriarty and Hall 2014). Nesting activity 169 
occurs in late May through June. In northeast Minnesota during 2015-2018 nesting surveys, turtles 170 
nested between May 29 and June 24 (Berkeland et al. 2019). Females may travel long distances to 171 
nesting sites. Once nesting is over, more time is spent in uplands away from the river (particularly by 172 
females) (Moriarty and Hall 2014, Crozier 2020). Hatchlings emerge from nests in mid-August to early 173 
October. In northeast Minnesota during 2015-2018 nesting surveys, hatchlings emerged from nests 174 
from August 10 – October 10 (Berkeland et al. 2019). The active season lasts through October, when 175 
Wood Turtles migrate to aquatic hibernacula (Moriarty and Hall 2014). See Figure 3 for a summary of 176 
Wood Turtle phenology in Minnesota. 177 

 178 
Figure 3. Wood Turtle phenology in Minnesota (Moriarty and Hall 2014, Berkeland et al. 2019; adapted from WDNR 179 
2015). 180 

2.5.2 Habitat 181 
Wood Turtles generally occupy areas in and around small to medium size, moderate to fast moving 182 
rivers and streams (Harding 1997, Ernst and Lovich 2009). Rivers with a narrow floodplain and abrupt 183 
transition to uplands characterize the preferred habitat in Minnesota (Moriarty and Hall 2014). 184 
Watercourses with sand, gravel, or cobble substrates are preferred (Buech et al. 1997, Ernst and Lovich 185 
2009). In Minnesota, Wood Turtles use a variety of near-water habitats depending on the season and 186 
activity, generally remain within 100 meters of flowing water (Buech 1995, Moriarty and Hall 2014, 187 
Brown 2016). However, Wood Turtles in both southeast and northeast Minnesota may travel over 188 
250 meters from water, with northeast females frequently traveling >400 meters in June-August 189 
(Berkeland et al. 2019, Crozier 2020, C. Hall, personal communication). Though largely aquatic, Wood 190 
Turtles are the most terrestrial of Minnesota turtle species and feed mainly on land (Moriarty and Hall 191 
2014). Alder thickets, forest, and grasslands are used for basking and foraging, with preference given 192 
to relatively open areas of mixed forest (Compton et al. 2002, Arvisais et al. 2004).  193 

In southeastern Minnesota Wood Turtles frequently utilize altered landscapes.  For example, Wood 194 
Turtles are frequently found foraging in agricultural fields near rivers (MNDNR 2018), and are known 195 
to consume corn kernels that fall to the ground.  In southeastern Minnesota, a radio-tagged male was 196 
frequently relocated foraging in a large, dense stand of reed canary grass during the summer of 2017, 197 
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2018, and 2019. A radio-tagged female was frequently located in a black walnut plantation in 2009 and 198 
2010. 199 

Research in the northeast from recent studies indicated adult Wood Turtles are most frequently found 200 
in lowland brush, lowland hardwoods, pine, and aspen from May - September (Figure 4; Berkeland et 201 
al. 2019, Crozier 2020). Wood Turtles avoided lowland conifers, and there is some evidence they may 202 
avoid aspen in proportion to its availability. Females were most frequently found in lowland brush and 203 
upland conifer (primarily jack pine, red pine, and white pine). Females used lowland habitats more 204 
frequently in May-June (63 percent), upland habitats more frequently in July (61 percent), and upland 205 
and lowland habitats fairly equally in August-September (about 50 percent each). Males were most 206 
commonly found in upland conifer (primarily jack pine), but they also used aspen, lowland brush, and 207 
lowland hardwoods. Males used lowland and upland habitats fairly equally (about 50 percent each) in 208 
May-June, upland habitats more frequently in July (76 percent), and upland habitats more frequently in 209 
August-September (62 percent). 210 

Wood Turtles were more frequently found in older forest >50 years old, specifically lowland 211 
hardwoods, jack pine, red pine, white pine, and aspen (Figure 5). Wood Turtles also used young and 212 
intermediate-aged forest (most notably jack pine 11-25 years old). Males used more young forest than 213 
females, and both males and females used more young forest in July compared to the other months. 214 
Observations of upland forested stands with high use during the summer activity period found that 215 
stands are typically older with large diameter trees and large canopy gaps containing dense herbaceous 216 
vegetation and shrub growth (Crozier 2020). Telemetry data showed that turtles most frequently used 217 
the portion of the stands with large canopy gaps interspersed with mature forest, presumably in order 218 
to meet both food and thermoregulatory needs. 219 



DRAFT Wood Turtle Conservation Plan  Page | 10  

Minnesota Wood Turtle Conservation Plan  

 

 220 

 221 

  222 

Figure 4. Female and male habitat use by month for one Wood Turtle population in 
northeast Minnesota (Berkeland et al. 2019, Crozier 2020). 
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 223 

Ideal nesting habitat consists of sandy or gravelly areas with little vegetation, abundant light, and low 224 
risk of flooding (Buech et al. 1997, Hamady and Hall 2011, Moriarty and Hall 2014). Many habitats, both 225 
natural and modified, may serve as nesting sites and include dry prairie, sand and gravel bars, sandy 226 
points, sandy cutbanks, gravel pits, road and utility rights-of-way, and agricultural fields (Harding 1991, 227 
Foscarini 1994, Buech et al. 1997, Jones et al. 2015). Buech et al. (1997) identified six key habitat 228 
variables to nest sites: soil substrate, slope, aspect, elevation above water, distance to open water, and 229 
vegetative cover. In northeastern Minnesota suitable nest sites are generally sand and sandy gravel 230 
substrates. Slopes vary from nearly flat to 40°; when slopes exceed 20° southerly aspects are preferred. 231 

Figure 5. Female and male habitat use by forest age class for one Wood Turtle population in 
northeast Minnesota (Berkeland et al. 2019, Crozier 2020). 
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Most nest sites are located between 2-5 meters above base-flow water levels, and typically within 232 
10 meters of open water. Sites with less than 20percent vegetative cover are favored. In the northeast, 233 
nests on average were 18.8m from water, 2.5m in elevation above the water, and had 6.7 percent canopy 234 
cover (Berkeland et al. 2019). Nest sites in southeastern Minnesota have not been studied in as much 235 
detail, but similar conditions are likely required. Several surveys have focused on potential natural 236 
nesting sites in the southeast, with documented sites including sand points, cut banks, old and 237 
agricultural fields, and a dormant gravel quarry (Mullins 2000, Holman 2004, Hamady and Hall 2011, 238 
C. Hall, personal communication). Prior to nesting, females stage nearby for several days and favor areas 239 
with natural vegetation cover such as willows, grasses, and forbs adjacent to sand points (Walde et al. 240 
2007, C. Hall, personal communication). 241 

Hatchling and juvenile habitat use is poorly understood relative to adults. After emergence (typically 242 
during daylight hours), hatchlings favor cooler areas with cover of herbaceous vegetation, woody 243 
debris, and leaf litter to avoid predation and desiccation (Tuttle and Carroll 2005, Castellano et al. 2008. 244 
Paterson et al. 2012). After hatching in upland areas, open uplands were strongly preferred to wooded 245 
uplands for an Ontario population (Paterson et al. 2012). Hatchlings generally move toward aquatic 246 
environments typical of adult use, but some studies suggest that prolonged time (up to 24 days) is spent 247 
in terrestrial habitat prior to moving to aquatic environments (Tuttle and Carroll 2005, Tamplin 2016). 248 

In 2010, four telemetered hatchlings in northeastern Minnesota spent about 5 weeks foraging in 249 
herbaceous vegetation on the nesting site, with the one remaining hatchling moving to the river to 250 
hibernate adjacent to the nest site under a large downed tree (G. Crozier, personal communication). 251 
Head-started Iowa hatchlings remained within 200 meters of the nest/release site and became almost 252 
exclusively aquatic as temperatures cooled (Tamplin 2016). In Minnesota, six 1-year old turtles were 253 
observed at a nest site in mid-June, suggesting that these turtles may have overwintered near the nest 254 
site (Hamady and Hall 2011). Telemetered juveniles in Iowa generally used the same habitats as adults; 255 
however, they spent more time in aquatic habitats and less time in grassy and shrubby areas compared 256 
to adults (Tamplin 2019).   257 

Wood Turtles hibernate beneath the ice within a watercourse and use a variety of locations depending 258 
on oxygen availability. Wood Turtles are considered anoxia intolerant and require oxygenated waters 259 
to survive hibernation (Ultsch 2006, Greaves and Litzgus 2008). Hibernacula locations include in the 260 
sediment within the channel, near structures such as bank undercuts or logjams, or within backwater 261 
ponds (Moriarty and Hall 2014, C. Hall, personal communication). Hibernacula sites documented in 262 
northeastern Minnesota primarily include locations within the main river course in the center of the 263 
river or in near-shore environments (Huston et al. 2018). Riverbanks near the hibernacula sites were 264 
typically dominated by alder. Water depth at hibernacula locations was 1 meter on average with an ice 265 
thickness of 25 centimeters. Mean dissolved oxygen was 9.2 ppm and mean conductivity was 29 µS/cm. 266 
Selection of hibernacula sites in northeastern Minnesota for physical, chemical, and thermal properties 267 
is unclear; sites did not differ in these conditions compared to random locations within the river. There 268 
was also no difference between male and female hibernacula locations. Generally, conditions at 269 
hibernacula sites in northeastern Minnesota are comparable to hibernacula sites in other northern 270 
portions of the Wood Turtle range. 271 
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2.5.3 Diet and Foraging 272 
Wood Turtles are opportunistic omnivores with a diversity of reported food sources. Dominant 273 
components of their diet include plant material such as fruits, leaves, and succulent forbs, and 274 
invertebrates such as earthworms and insects (Ernst and Lovich 2009, Moriarty and Hall 2014). Fungi, 275 
algae, mollusks, eggs, carrion, and small vertebrates like tadpoles and young mice are also consumed 276 
by the Wood Turtle (Jones et al. 2015).  In southeastern Minnesota, scat collected during transmitter 277 
maintenance has revealed crayfish and land snail shell fragments in their diet, as well as kernels of corn. 278 
Radio-tagged turtles occasionally have slug fragments on their mandibles when captured. 279 

2.5.4 Reproduction, Survivorship, and Population Structure 280 
Wood Turtles reach sexual maturity between approximately 14-18 years of age; maturation may occur 281 
later in more northern latitudes (Moriarty and Hall 2014). Mating most commonly transpires in shallow 282 
water no deeper than 1.2 meters, with some observations of terrestrial mating (Walde et al. 2003, P. 283 
Leete, personal communication). Females lay one clutch of 4-18 eggs per year, though clutches typically 284 
include 7-9 eggs and may not be laid every year (Ernst and Lovich 2009, Moriarty and Hall 2014). The 285 
average number of hatchlings per nest for a population in northeast Minnesota was 8.5 (Berkeland et 286 
al. 2019). The incubation period reportedly ranges from 58-71 days (Moriarty and Hall 2014), though 287 
field data collected in the northeast and southeast regions suggest incubation periods up to 122 days 288 
(Berkeland et al. 2019, K. Hall, personal communication). In the northeast, the average number of 289 
hatchlings per nest was 8.5 (Berkeland et al. 2019). 290 

The Wood Turtle is a long-lived species with a Type III survivorship curve (Akre 2002). Species with 291 
Type III curves experience high mortality early in life, with low mortality following the initial 292 
bottleneck. Nest depredation by mesopredators is extremely high. A study in northeastern Minnesota 293 
found 5 percent of Wood Turtle nests are successful (Berkeland et al. 2019). The most common nest 294 
predator in the northeast was the badger, with smaller numbers of nests predated by ravens, raccoons, 295 
skunks and foxes (Berkeland et al. 2019). However, the large number of nests predated by badgers in 296 
the northeast is likely unique to that part of Minnesota. 297 

Reported survivorship of Wood Turtle hatchlings is extremely low; hatchling survival from nest 298 
emergence until winter dormancy was only 11 percent for a study in Ontario (Paterson et al. 2012). 299 
Survivorship increases for young adult turtles, but a study of Wood Turtles in Massachusetts and New 300 
Hampshire reported young adults are twice as likely to experience mortality as old adults (Jones 2009). 301 
Adult survivorship exceeded 0.80 in several studies in Virginia, New Hampshire, and Maine; estimates 302 
in Wisconsin have been reported between 0.73 and 0.84 (Compton 1999, Akre and Ernst 2006, Lapin 303 
et al. 2016, WDNR 2016). Adult survival estimated from radio-telemetry data in Minnesota was 0.89 304 
(Lapin et al. 2019). When cause of death could be determined, predation was responsible for 75 percent 305 
of the mortalities. 306 

Population modeling (Berkeland et al. 2019) found that the following survival rates are needed to 307 
produce the age-class structure observed in a northeastern population: annual survival of adults >15 308 
years old at 95 percent or higher, annual juvenile (1-15 years of age) survival of 80 percent or higher, 309 
and survival of eggs through one year of age has been up to 5 percent (Berkeland et al. 2019). The oldest 310 
Wood Turtle caught in the northeast was a female at least 55 years old (Brown et al. 2015). For turtles 311 
to reach 55 years of age, population modeling shows that annual adult survival needs to be about 97 312 
percent (Berkeland et al. 2019). 313 

Population structure of Wood Turtles is variable for both sex ratios and adult to juvenile ratios (Jones 314 
et al. 2015, WDNR 2016). Populations are generally composed of a higher or equal ratio of females to 315 
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males. Wisconsin population sex ratios range from near equal to female-skewed, while Iowa 316 
populations show a nearly equal ratio (LeClere 2013, WDNR 2016). Likewise, adult to juvenile ratios 317 
are typically higher. However, many studies are skewed due to search biases toward nesting females 318 
during surveys, and that juveniles are less detectable during surveys and may use different habitat. 319 

Population structure was studied for a northeastern Minnesota population based on 2016-2018 320 
monitoring at eight sites each approximately 500 meters in length (Berkeland et al. 2019). Estimated 321 
abundance varied greatly among sites and years, and ranged from 1-77 individuals per site. For all sites 322 
combined, adult sex ratio varied annually from 1.3 females to 1.7 females per male, and juvenile-adult 323 
ratio was about 0.2 juveniles per adult annually (Crozier 2020). From the population reconstruction of 324 
the same population based on almost 30 years of mark-recapture data (Berkeland et al. 2019), sex ratio 325 
was 2.7 females to 1 male. The estimated juvenile-adult ratio is likely somewhere between 0.5 to 0.75 326 
juveniles to 1 adult. Both sex and juvenile-adult ratios are skewed due to many of the surveys taking 327 
place at nesting sites during the staging and nesting season which biases the results to adult females. 328 

2.5.5. Movements and Home Range 329 

Wood Turtles generally remain within 300 meters of flowing water; telemetry studies in Minnesota 330 
suggest individuals typically stay within 100 meters (Buech 1995, Ernst 2001, Arvisais et al. 2002, 331 
Compton et al. 2002, Tuttle and Carroll 2003, Remsberg et al. 2006, Brown 2016). Wood Turtles remain 332 
closer to water early in the season and travel farther during summer based on temperature, foraging 333 
requirements, breeding, and the search for nest sites by females (Ernst 1986, Moriarty and Hall 2014). 334 
The most extensive movements are along watercourses and usually related to males searching for a 335 
mate or females searching for a nest site (WDNR 2016). In southeast Minnesota, males appear to spend 336 
more time in the water than females (T. Markle, personal communication). Daily movements are highly 337 
variable and depend on resource availability, seasonality, and geography. Terrestrial maximum daily 338 
movements are reported between 410-900 meters and aquatic maximum daily movements are 339 
reported up to 2,940 meters (Tuttle 1996, Ernst 2001, Walde et al. 2007). 340 

Telemetry data from northeastern Minnesota show that Wood Turtles move an average of 341 
0.58 meters/minute (Berkeland et al. 2019, Crozier 2020). Male turtles on average stayed closer to the 342 
main river channel than females. Males consistently stayed within about 200 meters of the river 343 
throughout the active period. Females traveled farther from the river than males in all months. Some 344 
female turtles had a similar pattern to male turtles and stayed close to the river (<200 meters) 345 
throughout the active period. However, some females traveled far from the river, particularly in June – 346 
August. About 23 percent of female turtles traveled >400 meters from the river in June-August. The 347 
maximum distance a female turtle traveled from the river was 524 meters. 348 

Observations from telemetry studies in Minnesota suggest males and females exhibit different 349 
movement patterns (Crozier 2020). Males typically stay in a single activity area near the river, 350 
sometimes traveling 0.5-1 miles along the river. Females may also have a single activity area near the 351 
river, but typically venture farther into the uplands from the river than males. Additionally, females 352 
may have two distinct activity areas: a spring activity area near their nesting site and a summer activity 353 
area near their hibernacula site. 354 
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The general pattern for these turtles with two activity areas is that they emerge from hibernation and 355 
spend early spring near their hibernacula site. They then travel using the river and river corridor to 356 
their nesting location and spend the staging and nesting period in this location. During the post-nesting 357 
period, they travel back to their hibernacula area and spend the rest of the summer in the general area 358 
of the hibernacula site. While these turtles stay in the general area of their hibernacula site until 359 
hibernation, they venture farther from the river in July and August before staying closer to the river by 360 
early fall. The distance between the spring activity area near the nest site and the summer activity area 361 
near the hibernacula site ranged from 1-5.4 miles. Turtles telemetered for multiple years showed strong 362 
site fidelity to their spring and summer activity areas. 363 

Home ranges of Wood Turtles vary based on geography, sex, habitat quality, drought, distance to 364 
hibernaculum and nesting sites, and estimate method (Arvisais et al. 2002, Remsburg et al. 2006, 365 
Environment Canada 2016). Like Wood Turtle movements, home ranges generally are constricted along 366 
watercourses and have an elongated shape (Environment Canada 2016). In northern Minnesota, one 367 
study estimated Wood Turtle home range as approximately 3 hectares (Buech 1994). Several studies in 368 
Wisconsin measured home ranges between 0.1-278.3 hectares using different estimation methods, 369 
with average home ranges from 7.4-20.5  (WDNR 2016).  370 

 371 
 372 
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3. PAST AND CURRENT CONSERVATION EFFORTS IN MINNESOTA 373 

There has been considerable effort to understand the distribution, abundance, and life history of the 374 
Wood Turtle in Minnesota and to manage and protect Wood Turtle populations. Surveys, monitoring, 375 
research, management, and protection efforts have occurred over the past four decades, often as a 376 
collaborative effort among agencies, universities, non-profits, and contractors. 377 

 378 
3.1 SURVEYS AND MONITORING 379 

The Minnesota Natural Heritage Information System (NHIS) includes historic records of Wood Turtle 380 
occurrence from the 1930s to present. The NHIS provides baseline data on Wood Turtle range within 381 
Minnesota and includes records collected during targeted surveys conducted by professionals and 382 
incidental citizen sightings assessed by MNDNR. The first formalized surveys for Wood Turtles 383 
consisted of reconnaissance type surveys initiated in the 1980s to document distribution and 384 
abundance in both northeastern and southeastern Minnesota. These reconnaissance surveys suggested 385 
the most significant Wood Turtle populations were located in northeastern Minnesota. Numerous 386 
surveys have since been conducted and are described in approximate chronological order and by region 387 
below. 388 
 389 
Surveys of the Northeast L and Northeast D rivers in northeastern Minnesota were conducted by the 390 
U.S. Forest Service (USFS) in the early 1990s, nesting sites were identified, and telemetry was used to 391 
examine movement patterns and habitat use (Buech et al. 1990, Buech 1995). Additional informal 392 
surveys of the Northeast L and Northeast D rivers continued from 1990s through present by USFS, 393 
MNDNR, and Fond du Lac Band of Lake Superior Chippewa. Surveys of the Northeast K River began in 394 
2000 and continue into the present (Naber 2001, J. Naber, personal communication). In central 395 
Minnesota, general turtle surveys documented Wood Turtle occurrence in the Northeast B River. 396 
MNDNR also conducted surveys on several tributaries of the Northeast M River in 2000 and 2001. In 397 
southeastern Minnesota, surveys were conducted by the MNDNR and Place D during the 1990s on the 398 
Southeast B, Southeast D, Southeast A, and Southeast C Rivers and suggested low populations in the 399 
region (Erpelding 1998, Hines 1999, Mullins 2000). The surveys conducted throughout the state since 400 
the 1990s support that the most robust populations remain in the northeast while many southeastern 401 
populations appear small and imperiled. 402 
 403 
Surveys were conducted along the Southeast D River in southeastern Minnesota in 2002 and 2003 404 
(Holman 2004). The Northeast G and Northeast F Rivers were surveyed in 2007 but did not record any 405 
individuals (Hines 2007). In 2009 and 2010, a State Wildlife Grant (SWG) provided funding for MNDNR 406 
to survey under-surveyed river sections distributed throughout the Wood Turtle range in Minnesota 407 
(Hamady and Hall 2011). These rivers included the Northeast I, Northeast C, Northeast D, and Northeast 408 
K rivers in the northeast, the Northeast A River in the central, and the Southeast C and Southeast A 409 
rivers in the southeast (Hines 2007, Naber and Majeski 2009, Naber and Majeski 2010, Hamady and 410 
Hall 2011). Smaller tributaries in the northeast were also surveyed and included the Northeast H, 411 
Northeast J, and Northeast E rivers (Naber and Majeski 2009, Naber and Majeski 2010). These surveys 412 
covered a wide range of conditions in different rivers allowing for comparison of different systems 413 
within the major areas of Wood Turtle concentration in the state.  414 
 415 
From 2013-2019, two competitive State Wildlife Grants (cSWG) were awarded to the states of 416 
Minnesota, Wisconsin, Michigan, and Iowa to take a regional approach in examining threats and 417 
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effectiveness of conservation efforts for Wood Turtles (Crozier 2018; Crozier and Hamady 2018, 418 
Crozier 2020). Conservation actions such as creating nesting sites, protecting nests from depredation, 419 
and installing road barriers were implemented. Effectiveness was assessed using surveys, remote 420 
cameras, and telemetry (Crozier and Hamady 2018, Berkeland et al. 2019, Crozier 2020). A long-term 421 
monitoring protocol was developed to enable the MNDNR to assess long-term effectiveness of the 422 
conservation actions (Brown et al. 2017), and baseline monitoring data were collected on the Northeast 423 
D and Northeast L Rivers (Berkeland et al. 2019). 424 

Additional recent efforts include surveys in southeastern Minnesota led by MNDNR and the Minnesota 425 
Zoo (MN Zoo) funded in part by a SWG grant and Legislative-Citizen Commission on Minnesota 426 
Resources (LCCMR) funds (Naber and Majeski 2017, T. Markle, personal communication). These most 427 
recent Wood Turtle surveys confirm that most significant populations in Minnesota remain in 428 
northeastern Minnesota. However, a complete understanding of the range, distribution, and abundance 429 
of the Wood Turtle population remains elusive due to low densities and difficulty of observation in 430 
many reaches of the state. 431 
 432 
3.2 RESEARCH 433 

Wood Turtle research in Minnesota has included the study of population trends, habitat use and 434 
movement, habitat restoration, nesting, hydrology, and road mortality. Research completed to date is 435 
foundational to the Conservation Plan and will be a critical component of future conservation and 436 
recovery efforts.  437 

3.2.1 Population Trends and Modeling 438 

Only recently have attempts been made to determine population trends of the Wood Turtle in 439 
Minnesota (Cochrane et al. 2018, Berkeland et al. 2019). The population trends for the Northeast L River 440 
described in Section 2.4.3 were investigated as part of the 2013-2019 cSWG project. An integral part of 441 
this research consisted of development of a long-term monitoring protocol (Brown et al. 2017). Long-442 
term monitoring sites were established and baseline data were collected on the Northeast L and 443 
Northeast D rivers with the intent to monitor these sites every five years (Berkeland et al. 2019). Ten 444 
population and habitat parameters were developed to best evaluate long-term response of Wood Turtle 445 
populations, specifically in regard to conservation actions (Crozier and Hamady 2018). Population 446 
modeling was conducted on the Northeast L River as part of the cSWG project and consisted of a 447 
population reconstruction to examine population trends and population structure (Moen et al. 2018, 448 
Berkeland et al. 2019). Modeling is being used to evaluate the influence of adult survival and juvenile 449 
recruitment on population stability so that management actions can be focused on the most critical 450 
aspect of population viability. 451 

3.2.2 Habitat Use and Movement 452 

Telemetry surveys have been used to characterize Wood Turtle habitat use and movement in Minnesota 453 
since the 1990s. Most recently, telemetry was implemented in both the northeast and southeast regions 454 
by the MNDNR, University of Minnesota, and MN Zoo. The MNDNR commenced a telemetry pilot 455 
endeavor in 2009 and 2010 on the Southeast C and Southeast A Rivers (Hamady and Hall 2011). The 456 
study laid groundwork for future telemetry efforts and provided insight into habitat use for nesting, 457 
foraging, and hibernacula (including location of nest sites on agricultural land). Additionally, informal 458 
efforts to track hatchlings using telemetry occurred on the Northeast D River in 2010 (G. Crozier, 459 
personal communication). 460 
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 461 
Telemetry was used on the Northeast L River in 2015-2017 as part of the cSWG project to assess Wood 462 
Turtle movement patterns, habitat use, and use of conservation action areas (Cochrane, et al. 2017, 463 
Berkeland et al. 2019, Crozier 2020). Assessment of movements and seasonal habitat use provided data 464 
on distance traveled from the river, types of habitat used, locating and characterizing hibernacula, and 465 
how these parameters vary by sex and season. The results are integrated into Section 2.5 of this report.  466 
 467 
Beginning in 2017, telemetry in the southeast focused on a small number of sites along the Southeast D 468 
and Southeast B Rivers, expanding in 2018 and 2019 to additional sites and the Southeast A River (T. 469 
Markle, personal communication). In 2018, the MN Zoo also released five head-started turtles fitted 470 
with radio transmitters. Tracking of these turtles will continue into 2020. This research is possible 471 
through a partnership between the MNDNR and MN Zoo, and funded by a 3-year LCCMR grant. This 472 
research will provide data on habitat use and movements in the southeastern Wood Turtle populations 473 
with an overarching aim to characterize the threats of road mortality and nest predation on several 474 
turtle species, including Wood Turtles. The research will also investigate mechanisms to improve 475 
imperiled species conservation, such as improving hatching success. 476 

3.2.3 Habitat Restoration 477 

In 1990, the USFS created a nesting site on the Northeast L River as an alternate for Wood Turtles 478 
nesting on a nearby road. The cSWG project from 2013-2019 facilitated MNDNR to restore this nest site, 479 
create 21 additional nest sites, and restore seven foraging areas consisting of jack pine stands totaling 480 
91 acres (Crozier and Hamady 2018, Crozier 2020). Research included monitoring of Wood Turtle use 481 
following habitat restoration or creation. The ability to assess use of created and restored sites had 482 
limitations. Wood Turtle used the restored nesting site during the study, but there was no evidence that 483 
turtles used the created nesting sites (Crozier and Hamady 2018, Berkeland et al. 2019, Crozier 2020). 484 

3.2.4 Nest Success and Depredation 485 

To address nest predation, cSWG funding from 2013-2019 allowed monitoring of 156 Wood Turtle 486 
nests along the Northeast L River, including 29 nests equipped with nest cages and a minimum of 10 487 
nests protected with an electric fence (Berkeland et al. 2019). The study monitored nest success of 488 
protected and unprotected nests, documented depredation, and collected ancillary biological and 489 
environmental data at each nest. Motion sensor cameras deployed at 36 nesting or potential nesting 490 
sites captured predator observations and depredation events, providing species-specific identification 491 
of predators and behavior. When feasible, hatchlings were PIT-tagged following emergence from nests. 492 
Caged nests increased nest success to 48 percent but installation and monitoring proved challenging 493 
and time intensive. Badgers were the most frequently documented nest predator and learned to dig up 494 
cages during the second year of study. The electric fence was a more efficient and effective way to 495 
reduce nest depredation. 496 
 497 
The MN Zoo is currently working with MNDNR to identify potential nesting areas for Wood Turtles in 498 
southeastern Minnesota to meet the objective of improving hatching success and to protect those areas 499 
from mammalian predators using electrified fences (T. Markle, personal communication). Two nest 500 
protection fences were installed in spring 2019 along the Southeast D River, and additional nesting 501 
areas will be protected in 2020. In 2019, the MN Zoo also reared eggs from three at-risk nests to 502 
evaluate head-starting as a technique to increase survival; additional investigation of head-starting will 503 
continue in 2020. 504 
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 505 
Recent research has also considered the impacts of altered hydrology on Wood Turtles due to land use 506 
and climate change. Lenhart et al. (2013) examined the long-term change in suitability of flows for 507 
Wood Turtle nesting in both northeastern and southeastern Minnesota. This study concluded that 508 
hatching is likely delayed in agricultural watersheds due to prolonged inundation of sandbar nest sites 509 
compared to pre-1980s conditions. Hydrologic modeling as part of the 2013-2019 cSWG determined 510 
flood risk of nesting sites and identified flood-safe sites suitable for conservation or restoration action 511 
(Naber and Ulrich 2016, Crozier and Hamady 2018). Nest site flooding was minimal on the Northeast L 512 
River during the study; however, flooding may be more of an issue on the Northeast D River (Crozier 513 
2020). 514 

3.2.5 Road Mortality 515 

Identification and management of high-risk locations for Wood Turtle travel was investigated using 516 
telemetry during the 2013-2019 cSWG (Crozier and Hamady 2018, Berkeland et al. 2019). Telemetry 517 
identified roads that have the greatest potential for mortality. High-risk locations were typically 518 
associated with turtles nesting on road shoulders and areas where turtles crossed roads to forage 519 
during July and August. Turtles did not typically cross roads during travel to nest sites located near the 520 
river, instead using the river as the primary travel corridor. Observations of road mortality on the 521 
Northeast D and Northeast L rivers were minimal during the study.  522 
 523 
The efficacy of road barriers to dissuade turtles from crossing and nesting along roads was also 524 
evaluated (Crozier and Hamady 2018, Berkeland et al. 2019, Crozier 2020). Temporary road barriers 525 
were installed at several high risk locations. Results indicated that the temporary barriers were not 526 
effective at preventing road access and road nesting by Wood Turtles. Turtles traveled around barriers 527 
and were able to get through barriers in places where fencing was ripped or torn down by people. More 528 
experimentation is needed with barrier material, barrier design, and ways to deal with private lands. 529 
 530 
Though not specific to Wood Turtles, the MN Zoo is also actively investigating road mortality of turtles 531 
and mitigation strategies to reduce impacts on turtle populations. In collaboration with the Minnesota 532 
Department of Transportation (MNDOT), the MN Zoo is evaluating the effectiveness of turtle fences and 533 
turtle crossing warning signs. If found to be effective, strategies could be applied in areas where there 534 
is potential for Wood Turtles on roads. 535 
 536 
3.3 MANAGEMENT AND PROTECTION 537 

Management and protection strategies have generally focused on legal protection, forest management 538 
recommendations, environmental review recommendations, and habitat protection. Management 539 
partners include the DNR, USFS, county forest management, MNDOT, county Department of 540 
Transportation, and private citizen efforts. Wood Turtles are legally protected under state law, which 541 
prohibits the killing, destroying, and possessing of Wood Turtles without a permit. Management efforts 542 
have primarily focused on providing technical guidance on proposed projects to prevent the take of 543 
turtles, and if possible, to maintain or enhance habitat. Recommendations generally include seasonal 544 
timing restrictions during the active season, protecting nesting areas, creating safe passage under 545 
roads, minimizing mowing until late summer, avoiding use of riprap and retaining walls, protecting 546 
water quality, reducing stormwater runoff, managing invasive species, and limiting recreation in critical 547 
areas (DNR 2011). The MNDNR has developed forest management guidelines for Wood Turtles to avoid 548 
impacting Turtles and their habitat. MNDNR has also developed a fact sheet for environmental review 549 
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purposes to reduce impacts of projects on Wood Turtles and their habitats. 550 

A limited number of management projects have occurred specifically to benefit Wood Turtles, including 551 
habitat restoration and creation, nest protection, and roadside management. The USFS developed 552 
guidelines for creation of nesting areas in 1991 and nest scrapes were created by the USFS in 553 
northeastern Minnesota in the 1990s (Buech and Nelson 1991). During the 2013-2019 cSWG several 554 
management actions were implemented (Crozier and Hamady 2018, Crozier 2020). Restoration activity 555 
was conducted on 91 acres of pine forest habitat along the Northeast L River to improve foraging 556 
habitat. Nesting habitat was also created or restored in flood-safe areas of the Northeast L River. Nest 557 
cages and an electric fence were installed along the Northeast L River (Section 3.2.3) and road barriers 558 
were fitted along high-risk road locations (Section 3.2.4). The efficacy of the actions continues to be 559 
assessed and will inform future specific management actions. 560 

The Place B was established in 1996 to protect a stretch of river that includes habitat for nesting turtles, 561 
including Wood Turtles. Sandbars within Place B are closed sanctuaries from May to October 15. In the 562 
northeast, efforts are currently underway to establish a Scientific and Natural Area (SNA) for Wood 563 
Turtles on the Northeast D River and to create special management areas for lands on the Northeast D 564 
and Northeast L rivers where SNA designation is not possible. 565 

  566 
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4. ISSUES, GOALS, AND STRATEGIES 567 

This section identifies the issues, goals, and strategies for the Conservation Plan. The overarching 568 

conservation goal for the Wood Turtle in Minnesota was established by the Wood Turtle Planning Team 569 

during the development of the Conservation Plan. 570 

Conservation Goal: To maintain and enhance Wood Turtle populations throughout their range in 571 

Minnesota with the goal of having viable populations. 572 

The Wood Turtle Planning Team subsequently identified issues affecting the Conservation Goal and 573 

established broad, statewide 10-year goals that address each issue. Strategies and sub-strategies were 574 

identified to progress toward the 10-year goals. The strategies identified in the Conservation Plan will 575 

start moving the species toward recovery and can be used to inform a future recovery plan. 576 

1. Issue Statement: 577 
An issue is defined as a factor or stressor affecting the Conservation Goal. In most cases, an issue 578 

has multiple sub-issues which affect it. The issues identified and prioritized in this plan were 579 

used to define the goals, strategies, and implementation activities. Five issues were identified 580 

and are discussed in this section: 581 

• Habitat 582 

• Adult Mortality, Removal, and Sub-lethal Impacts 583 

• Juvenile Recruitment 584 

• Knowledge Gaps 585 

• Partnerships 586 

2. Desired Future Condition (Long-term Goals): 587 
Statement describing the desired long-term, future condition of the issue, regardless of 588 

timeframe. 589 

3. 10-Year Goal:  590 
The broad, state-wide objective over the next 10 years after implementing the Conservation 591 

Plan. 592 

4. Strategies: 593 
Broad conservation strategies to meet the state-wide 10-year goals. 594 

5. Sub-Strategies: 595 
Prioritized and specific conservation strategies within the strategies. 596 

 597 
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4.1  HABITAT 598 

4.1.1 Issue Statement 599 

Habitat loss, degradation, and fragmentation pose a serious threat to Wood Turtle populations. Impacts 600 

to habitat affect Wood Turtles at all life history stages and are deeply intertwined with the other issues 601 

identified within this plan. Threats to Wood Turtle habitat include agricultural practices, altered 602 

hydrology, forestry practices, invasive plant species, mineral extraction, recreation, and road networks 603 

and urbanization. It is important to consider the cumulative effects of all identified threats to Wood 604 

Turtle habitat. Impacts of specific threats vary in scale depending on location, but when combined 605 

across the landscape may have a significant effect on Wood Turtle populations. Additionally, climate 606 

change is linked closely with many of the identified threats and likely affects Wood Turtle habitat from 607 

regional to site-specific scales, and is incorporated where applicable below. 608 

4.1.1-A:  Agricultural Practices 609 
Agriculture is a common land use within the Wood Turtle range in Minnesota, especially in the 610 

southeast region. Historical and current conversion of land to agriculture is responsible for direct loss 611 

and degradation of terrestrial habitat (Jones et al. 2015). Row cropping negatively impacts foraging 612 

habitat via reduced plant and invertebrate availability (Saumure and Bider 1998). Indirect effects of 613 

agriculture on habitat include sedimentation and pollution of aquatic habitat (Environment Canada 614 

2016). Beneficial foraging habitat may be provided by hayfields, and nesting was documented in 615 

agricultural and old fields in southeastern Minnesota (Saumure et al. 2007, Hamady and Hall 2011). 616 

Grazing is suspected to have historically maintained open habitat within woodlands of the southeast 617 

region, enhancing foraging and potentially nesting habitat (C. Hall, personal communication). However, 618 

agricultural habitat use may increase risk of mortality and function as an ecological trap (Section 4.2.1-619 

D; Saumure et al. 2007, Environment Canada 2016, Pappas et al. 2017). 620 

4.1.1-B:  Altered Hydrology 621 
Wood Turtles rely on natural processes of riparian ecosystems to create and maintain habitat, and are 622 

sensitive to changes in river hydrology. Flooding frequency, intensity, and duration are increasing, in 623 

addition to changes in timing of flows (Lenhart et al. 2013, Jones at al. 2015, Naber and Ulrich 2016, 624 

Crozier and Hamady 2018). These changes in hydrology affect Wood Turtle recruitment, including nest 625 

flooding, delayed nesting, changes in the creation and maintenance of nest habitat, and loss and 626 

degradation of nest habitat. Severe flood events also displace or even drown adult Wood Turtles (Jones 627 

and Sievert 2009, Jones et al. 2015). 628 

Anthropogenic alterations such as land use, streambank stabilization, dams, and impoundments are 629 

primary drivers of change to hydrologic regimes. Clearing of natural lands, altering vegetation on 630 

natural lands, and drainage of wetlands increases runoff, especially when replaced with impervious 631 

surface (Jones et al. 2015). Increases in runoff change the timing and amount of water flow as well as 632 

sedimentation dynamics. These factors impact the availability of nesting habitat and nest flooding. 633 

Dams likely caused direct loss of habitat in the past, and they continue to alter riparian systems by 634 

withholding substrate that contributes to suitable nest sites and influences flow patterns (Jones et al. 635 

2015). Bank stabilizations featuring riprap or concrete are poor habitat and, like dams, inhibit 636 

development of suitable nest sites (Buech 1992, Jones et al. 2015). Some bank stabilizations contribute 637 

to increased severity of floods (Jones and Sievert 2009). Climate change compounds hydrologic changes 638 

and their effect on Wood Turtles in Minnesota via increased storm frequency, flood events, and more 639 

severe drought (Larson and Anderson 2016). 640 
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4.1.1-C:  Forestry Practices 641 
Forestry is a common land use within the Wood Turtle range in Minnesota, particularly in the northeast 642 
region. Forestry practices including road development, forest harvest, forest type conversion, and 643 
herbicide use may reduce, degrade, and fragment habitat. Historically, riparian habitat may have been 644 
lost or degraded by logging drives (COSEWIC 2007). Large tracts of historical pine forest in 645 
northeastern Minnesota are now dominated by younger aspen stands. Fire was once the dominant 646 
disturbance factor in pine forests and is now largely suppressed (Heinselman 1973, Frelich and Reich 647 
1995), having been replaced by timber harvest. It is unknown what impacts these historic changes may 648 
have had on turtles. Fires result in a flush of herbaceous vegetation and potentially create open areas 649 
for nesting and foraging. Pine stands have a different herbaceous ground layer and forest structure 650 
compared to more uniform aspen stands. These changes may have impacted the availability of food 651 
resources and the quality of habitat conditions for Wood Turtles. 652 

The effects of current forestry practices on habitat have generally not been quantified. Wood Turtles 653 

are considered an edge species, moving between open and shady areas to thermoregulate while 654 

foraging. Clear-cutting may reduce sources of food and shelter, and areas logged within 10 years are 655 

generally avoided by Wood Turtles (Environment Canada 2016, Berkeland et al. 2019). Forest harvest 656 

typically simplifies species and structural diversity of a stand, potentially changing food availability and 657 

microhabitat conditions for thermoregulation. Much of the remaining pine is now managed as pine 658 

plantations often using herbicide, likely resulting in low quality habitat. Clear-cutting resulting in land-659 

use conversion may alter watershed hydrology (see 4.1.1-B), potentially increasing sedimentation and 660 

nest flooding (COSEWIC 2007). Logging roads fragment habitat, attract turtles to roadside nests 661 

creating ecological sinks, and increase recreation along the river, which can degrade nesting habitat 662 

(see 4.1.1-F).  663 

Some forestry practices may enhance habitat with proper timing and management of hydrology and 664 

soils (Kaufmann 1992; Wesley 2006; Tingley and Herman 2008). Forestry practices that maintain 665 

quality native plant communities with high species and structural diversity as appropriate for the plant 666 

community can help increase quality habitat.  667 

4.1.1-D:  Invasive Species 668 
Invasive plant species threaten Wood Turtle habitat, with the most direct observations of impacts at 669 

nest sites. Natural nesting sites such as sand points and bars are observed overgrown with reed canary 670 

grass (Phalaris arundinacea) in Minnesota (Hamady and Hall 2011, Jones et al. 2015). Vegetation 671 

management was also an issue for created nesting sites in northeastern Minnesota (Crozier and 672 

Hamady 2018). The non-native subspecies of the grass Phragmites australis is expanding in Minnesota 673 

and could threaten nesting habitat. Invasive species such as reed canary grass and buckthorn may affect 674 

quality or connectivity of foraging and other habitat, but impacts have not been studied. MNDNR has 675 

observed foraging activity in patches of reed canary grass, and it is unknown if there are any positive 676 

benefits conferred by these communities (C. Hall, personal communication). In addition, non-native, 677 

invasive earthworms profoundly impact forest communities (Frelich et al. 2006) and potentially alter 678 

food resources for Wood Turtles, though earthworms can serve as a food source (Kaufmann 1986). 679 

4.1.1-E:  Mineral Extraction 680 
Mineral extraction, while not a dominant land use in Minnesota, poses significant threats to Wood 681 

Turtle habitat. Sand and gravel pits from aggregate mining attract Wood Turtles due to their suitability 682 

as nest sites in the absence of natural nest sites. Sand and gravel pits are commonly observed in use by 683 
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Wood Turtles for nesting (Buech et al. 1997). One study in northeastern Minnesota found that sand and 684 

gravel pits were more frequently used by Wood Turtles than would otherwise be expected at random 685 

(Brown et al. 2016). These areas could function as ecological traps due to increased exposure to 686 

predators, roads, and human disturbance (Crozier and Hamady 2018). 687 

Metals mining is also an issue for Wood Turtle populations in northeastern Minnesota. Iron/taconite 688 

mining is a historical and active land use within several watersheds of northeastern Minnesota. Copper-689 

nickel mines are proposed for the region and exploration for copper, nickel, gold, and platinum group 690 

metals is ongoing. Potential impacts of metals extraction include altered river flow patterns, increased 691 

river sedimentation, surface and groundwater contamination, and direct habitat loss (MEQB 1979). For 692 

example, water releases from mining projects may cause flooding of downstream nest sites (Crozier 693 

and Hamady 2018). 694 

4.1.1-F:  Recreation 695 
Wood Turtle habitat is often attractive for recreation, which can result in negative effects on Wood 696 

Turtle populations. Two populations in Connecticut declined after opening of habitat to fishing and 697 

hiking due to incidental collection by recreationists (Garber and Burger 1995). Off-road vehicle and 698 

hiking trails may fragment habitat, attract turtles to nest in poor quality habitat, increase risk of illegal 699 

collection by recreationalists, and introduce stressors. Off-road vehicles potentially destroy nesting 700 

habitat, or even result in mortality from crushing (Environment Canada 2016). Important nesting 701 

habitat like sand bars and points are popular stopping points for river recreationists, and are easily 702 

disturbed or destroyed. Further, trash left near nesting habitat attracts predators and increases risk of 703 

nest predation (Strickland and Janzen 2010). 704 

4.1.1-G:  Road Networks and Urbanization 705 
Urbanization affects Wood Turtle habitat both directly and indirectly. Most obviously, conversion of 706 

land cover to urban use causes direct habitat loss, degradation, and fragmentation (Elmqvist et al. 707 

2016). Indirect impacts include altered riparian hydrology, poor water quality, and reduced biotic 708 

richness due to cover of impervious surfaces (Shuster et al. 2005, Chadwick et al. 2006). Associated 709 

development of road networks fragments habitat and inhibits movement across the landscape for 710 

turtles (Shepard et al. 2008). Mortality via vehicle strikes also tie into issues of adult mortality and 711 

juvenile recruitment (Sections 4.2 and 4.3). Further, urbanization supports higher populations of 712 

mesopredators such as raccoons and skunks, primary predators of Wood Turtle adults, juveniles, and 713 

nests (Mitchell and Klemens 2000, Prange and Gehrt 2004). 714 

4.1.2  Desired Future Condition 715 
Sufficient habitat exists to support viable Wood Turtle populations. 716 

4.1.3  10-Year Goal 717 

Goal:  Improve and maintain Wood Turtle habitat and habitat connectivity. 718 

4.1.4  Strategies 719 

The Wood Turtle Planning Team identified two strategies to progress toward the 10-Year 720 
Goal: 1) River System Management and 2) Site Habitat. 721 

4.1.5  Sub-strategies 722 

The Wood Turtle Planning Team identified sub-strategies to focus each strategy with the goal 723 
of developing targeted implementation activities with measureable targets. The strategies, 724 
sub-strategies, and how they address each sub-issue are presented in Table 2.725 
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Table 2. Habitat Strategies, Sub-strategies, and Sub-issues 

Strategy Sub-strategy 
Sub-issues: Habitat 

Agricultural 
Practices 

Altered 
Hydrology 

Forestry 
Practices 

Invasive 
Species 

Mineral 
Extraction Recreation Urbanization 

River System 
Management 

Protect habitat in key river stretches x   x x x x x 

Increase terrestrial habitat connectivity x   x    x x  x 

Sustain free-flowing natural river systems  x x x          

Reduce agricultural overland and sub-
surface runoff x x           

Incorporate Wood Turtle needs into 
landscape scale planning efforts x x x   x x x 

Site Habitat 

Identify, create, restore, and enhance 
nesting habitat   x x x x x   

Identify, create, restore, and enhance 
foraging habitat 

x   x x       

Identify, create, restore, and enhance 
hibernacula habitat for hatchlings  x x       x    

Improve site level management 
recommendations x    x  x x x x 
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4.2  ADULT MORTALITY, REMOVAL, AND SUB-LETHAL IMPACTS 707 

4.2.1 Issue Statement 708 

Loss of breeding adult Wood Turtles, particularly adult females, is a major issue for population viability. 709 

Wood Turtle populations rely on high adult survivorship to offset low recruitment early in life; and 710 

removal of even 2 to 3 individuals annually may result in extirpation of small, isolated populations 711 

(Congdon et al. 1993, Compton 1999). Adults may be lost from populations via mass mortality events, 712 

road mortality, predation, illegal collection, forestry and agricultural practices, environmental 713 

contamination, and disease. In some cases, impacts may be sub-lethal, but cumulative effects may 714 

contribute to increased mortality. 715 

4.2.1-A:  Mass Mortality Events 716 
Reports of mass mortality of adult Wood Turtles are of grave concern due to the potential for rapid loss 717 

of a large percentage of the breeding population. Since 2016, MNDNR researchers have recorded 718 

unusually high observations of adult mortality (107 mortalities) for a Wood Turtle population in 719 

northeastern Minnesota (Berkeland et al. 2019, Crozier 2020). The cause of mortality is unknown. The 720 

majority of the dead Wood Turtle individuals were discovered each year in a specific river stretch, 721 

primarily in May, potentially suggesting a related event. Mass mortality of 12 Wood Turtles was 722 

reported in Pennsylvania (Jones et al. 2015). The cause of the Pennsylvania die-off was not determined, 723 

but also affected Bog Turtles (Glyptemys muhlenbergii). Mass mortality events in other freshwater 724 

turtles are linked with varying uncertainty to predation, infection, poisoning, drowning, poaching, and 725 

winterkill (Brooks et al. 1991, Catrysse et al. 2015). 726 

Predation by otters during winter hibernation and spring sepsis caused mass mortality of a Canadian 727 

population of Snapping Turtles (Chelydra serpentina) (Brooks et al 1991). Predation was also 728 

responsible for mass mortality of a population of Pond Sliders (Trachemys scripta) in Illinois and was 729 

limited to nesting females of relatively smaller size (Tucker et al. 1999). Another event in Canada 730 

included 35 female Northern Map Turtles (Graptemys geographica); predation and boat strikes were 731 

ruled out due to intact shells, but the ultimate cause and specificity to females was unclear (Catrysse et 732 

al. 2015). Infectious disease following atypically cold weather resulted in mass mortality of an Eastern 733 

Box Turtle (Terrapene carolina) population in Kentucky, indicating an interactive effect with cooler and 734 

more variable climate (Agha et al. 2017). Studies of turtle populations following mass-die offs indicate 735 

that populations can be decimated quickly, and recovery may be slow (Brooks et al. 1991). Therefore, 736 

identification and mitigation of the cause of mass mortality in Wood Turtle populations is critical. 737 

4.2.1-B:  Road Mortality 738 
Throughout their range, road mortality is identified as a significant cause of mortality for adult Wood 739 

Turtles (Akre and Ernst 2006; Jones et al. 2015). Seasonal movement of individuals may require 740 

crossing road networks to search for mates or nesting, foraging, and overwintering sites; modeling 741 

demonstrated that semi-terrestrial turtles with these traits are especially vulnerable to road mortality 742 

(Gibbs and Shriver 2002). Roads attract Wood Turtles due to suitability for nesting and lack of natural 743 

habitat, thereby serving as ecological traps (WDNR 2015). Roadsides with well-drained substrates offer 744 

suitable nesting habitat to female Wood Turtles, especially when natural habitat is lacking (Buech et al. 745 

1997; Cochrane et al. 2018). Consequently, proximity to roads may explain higher male to female sex 746 

ratios in some turtle populations (Steen et al. 2006). 747 

In Minnesota, database records and local biologists indicate road mortality as a major contributor to 748 

adult mortality, though recent studies observed low mortality while monitoring dangerous road 749 
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crossings (Berkeland et al. 2019, Crozier 2020). Road mortality is likely associated with loss of nesting 750 

habitat, increased development of road network, and heavier traffic, and is closely related to the issue 751 

of habitat loss, fragmentation, and degradation described above. 752 

4.2.1-C:  Predation 753 
Predation of adult Wood Turtles is recognized as a conservation concern (Jones et al. 2015). Elevated 754 

populations of mesopredators contribute to adult mortality via predation, though effects are more 755 

substantial for nests and young turtles (Section 4.3.1-A). Mesopredators such as raccoons and skunks 756 

occur at unnaturally high numbers in parts of the landscape due to a human-subsidized food supply 757 

(e.g. food waste, row crops), depressed populations of apex predators, and alterations to habitat 758 

(Mitchell and Klemens 2000). Direct predation of adults is rarely observed; however, mutilation or 759 

amputation is frequently observed and may have sub-lethal impacts (Harding and Bloomer 1979, Walde 760 

et al. 2003, Saumure et al. 2007, Moriarty and Hall 2014). One study noted that mutilated Wood Turtles 761 

were recaptured less frequently (Harding 1985). Studies in Minnesota also reported mutilation of 762 

adults and considered predation as a possible cause of adult deaths in a northeastern population 763 

(Cochrane et al. 2018). 764 

4.2.1-D:  Illegal Collection 765 
Though legally protected from commercial collection throughout its range, illegal take of Wood Turtles 766 

is a serious threat to populations. Historically Wood Turtles may have been collected as a food source, 767 

but the pet trade is currently considered the primary collection motive (Levell 2000, Walde 2007). 768 

Collection of Wood Turtles by humans for the pet trade may lead to local population crashes. Though 769 

often unconfirmed, suspected collections are frequently cited as causes of drastic declines. An Ontario 770 

population declined 70 percent following reported collections (Environment Canada 2016). Casual 771 

collection by landowners or recreationalists, however limited, can still have a significant effect on small, 772 

isolated populations (Environment Canada 2016). Commercial collection has not been documented in 773 

Minnesota, but the potential for single collection events to cause dramatic negative effect remains a 774 

persistent threat. 775 

4.2.1-E:  Forestry and Agricultural Practices 776 
Land use and land management practices from agricultural, forestry, and other activities are a source 777 

of adult mortality. Wood Turtles are crushed or mutilated by agricultural machinery in populations 778 

where agriculture is the dominant land use (Saumure and Bider 1998, Environment Canada 2016). 779 

Similar death and injury may occur via forestry equipment, but direct observation is difficult and 780 

remains undocumented (Tingley and Herman 2008). Forestry access roads increase road density and 781 

open up areas to off-highway vehicles, and one mortality was recorded in northeastern Minnesota on a 782 

small logging road (Crozier and Hamady 2018). Forestry roads increase access to Wood Turtle areas, 783 

increasing the risk of collection by recreationalists. Several reports exist of mortality from recreational 784 

vehicles based on personal communications, and one study documented crushing of Wood Turtles by 785 

utility right-of-way maintenance equipment (Akre and Ernst 2006; Environment Canada 2016). Adult 786 

mortality from land management practices in Minnesota likely manifests differently in the northeastern 787 

and southeastern populations, where dominant land cover is primarily forest in the northeast and 788 

agriculture in the southeast. 789 

4.2.1-F:  Contaminants and Water Quality 790 
Though poorly defined empirically, contaminants and poor water quality are a potential source of Wood 791 

Turtle mortality and sub-lethal impacts (Jones et al. 2015, Environment Canada 2016). Burger and 792 

Gerber (1995) hypothesized Wood Turtles may be vulnerable to bioaccumulation because they are 793 
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long-lived, and invertebrates comprise a significant part of their diet. Negative impacts of agricultural 794 

and industrial chemicals and poor water quality are reported for other turtle species (Mitchell and 795 

Klemens 2000, Shelby-Walker et al. 2009). For example, polychlorinated biphenyl (PCB) exposure can 796 

lead to higher deformity rates in juvenile turtles and increased mortality and slower growth 797 

(Ming-cheng Adams et al. 2016). Populations of Wood Turtles in New Jersey declined following 798 

application of pesticides in the 1950s and 60s according to Harding and Bloomer (1979). Additionally, 799 

low dissolved oxygen in slow-moving, eutrophic waters could affect hibernation success (Environment 800 

Canada 2016). Herbicides and pesticides sprayed during forest management and on crops may 801 

contaminate food resources of turtles. Effects of contaminants and poor water-quality may not be acute, 802 

but likely contribute sub-lethal impacts and must be considered a potential issue for Wood Turtles. 803 

4.2.1-G:  Disease 804 
Disease is not currently considered an ongoing issue for the Wood Turtle, though the potential for 805 

epidemics lurk as a potential threat. Disease is a potential explanation for mass mortality events, though 806 

no definitive evidence of infectious disease exists (Section 4.2.1-A). Disease is relatively prevalent in 807 

captive turtles but poorly understood in wild populations (Flanagan 2015). Pathogens cause mortality 808 

for other wild turtle populations in the northeastern U.S., such as Ranavirus for Box Turtles and an 809 

unidentified pathogen for Bog Turtles (Jones et al. 2015). Shell disease has been identified as an 810 

emerging threat to the recovery of the Western Pond Turtle (Actinemys marmorata) in Washington 811 

State (WDFW 2016, Woodburn et al. 2019). Disease in captivity reduces the viability of head-starting 812 

as a recovery strategy and spread of pathogens to wild population poses serious risk for rapid loss of 813 

adult Wood Turtles (Mullin 2019). The threat of disease to Wood Turtle populations should therefore 814 

be taken very seriously. 815 

4.2.2  Desired Future Condition 816 

Adult mortality, removal, and sub-lethal impacts within populations are significantly reduced. 817 

4.2.3  10-Year Goal 818 

Goal:  Identify and reduce adult mortality, removal, and sub-lethal impacts. 819 

4.1.4  Strategies 820 

The Wood Turtle Planning Team identified two strategies to progress toward the 10-Year 821 
Goal: 1) Reduce Human-Induced Mortality and 2) Reduce Natural/Unknown Mortality. 822 

4.1.5  Sub-strategies 823 

The Wood Turtle Planning Team identified sub-strategies to focus each strategy with the 824 
goal of developing targeted implementation activities with measureable targets. The 825 
strategies, sub-strategies, and how they address each sub-issue are presented in Table 3.826 
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Table 3. Adult Mortality, Removal, and Sub-lethal Impacts Strategies, Sub-strategies, and Sub-issues 

Strategy Sub-strategy 

Sub-issues: Adult Mortality, Removal, and Sub-lethal Impacts 
Mass 

Mortality 
Events 

Road 
Mortality Predation Illegal 

Collection 

Forestry & 
Agricultural 

Practices 

Contaminants 
& Water 
Quality 

Disease 

Human Induced 
Mortality 

Reduce road mortality   x      x     

Minimize risk of illegal 
take       x x      

Refine BMPs x x     x  x    

Natural/Unknown 
Mortality 

Effects of discrete 
flood events x             

Reduce predation x   x         

Develop protocols for 
testing for disease x           x 
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4.3  JUVENILE RECRUITMENT 827 

4.3.1  Issue Statement 828 

Wood Turtle populations generally exhibit low levels of hatchling and juvenile recruitment. The age 829 

structure in many populations display high ratios of adults to young, although this is not atypical for 830 

most turtle species (Congdon et al. 1993). Though high mortality early in life is typical for the life-831 

history strategy of the Wood Turtle, several factors contribute to lower than expected recruitment 832 

including nest and juvenile predation, poor nesting habitat, and altered hydrology. Additionally, many 833 

of the factors impacting adult mortality such as road mortality, land management practices, disease, 834 

and environmental contamination may play a role in low recruitment (Section 4.2.1). 835 

4.3.1-A:  Nest Depredation 836 
High nest predation rates are a major cause of low recruitment for the Wood Turtle. Inflated 837 

populations of mesopredators on the landscape (raccoon, fox, skunk, etc.) negatively impact nest 838 

success (Mitchell and Klemens 2000, Moriarty and Hall 2014). Other nest predators include flies of the 839 

families Phoridae and Sacrophagidae, which lay eggs in nest cavities and cause nest failure (Vogt 1981). 840 

Nests near roadsides are especially accessible to mesopredators and are predated at close to 841 

100percent (WDNR 2016). Nest monitoring in northeastern Minnesota, a relatively unfragmented 842 

landscape, reported nest failure at 95 percent, with nests typically being predated within hours of being 843 

laid (Berkeland et al. 2019). Badgers were by far the most frequently observed species predating Wood 844 

Turtle nests (85 percent), with raccoons, skunks, ravens/crows, and foxes comprising the remainder 845 

(Berkeland et al. 2019). Even when nest cages were implemented, badgers learned to dig under the 846 

structures in the second year of the study. 847 

4.3.1-B:  Hatchling and Juvenile and Predation 848 
Hatchling and juvenile predation is also a major issue for the Wood Turtle for many reasons similar to 849 

nest predation, though observation is more difficult. Predators of hatchlings and juveniles are similar 850 

to nest predators and include species such as chipmunks, numerous bird species, Snapping Turtle, and 851 

fish (Tuttle and Carroll 2005, Moriarty and Hall 2014, J. Naber, personal communication). Hatchling and 852 

juvenile predation is considered to be an issue throughout the Wood Turtle range (Harding and 853 

Bloomer 1979, Moriarty and Hall 2014, WDNR 2016). Survivorship of Wood Turtle hatchlings from 854 

emergence to winter in an Ontario population was 11 percent, with most mortality due to predation 855 

(Paterson et al. 2012). Although high mortality of young is to be expected given the Wood Turtle’s life 856 

history strategy, mortality due to predation was much higher for Wood Turtles compared to Blanding’s 857 

Turtles (Paterson et al. 2012). Hatchling and juvenile predation is therefore a likely contributor to poor 858 

juvenile recruitment. 859 

4.3.1-C:  Poor Nesting Habitat 860 
Poor quality and quantity of nesting habitat is contributing to low juvenile recruitment. Destruction of 861 

quality natural sites by humans occurred historically and continues today due to development and 862 

recreation along rivers (Section 4.1.1; Crozier 2020). Nesting sites are frequently overgrown due to 863 

invasive plants or lack of disturbance (Jones et al. 2015; Crozier and Hamady 2018). Moreover, there is 864 

a lack of natural nesting habitat on the landscape (Buech et al. 1997). More artificial than natural sites 865 

were identified and monitored in a study of a northeastern Minnesota population (Crozier and Hamady 866 

2018). Turtles are frequently attracted to roadsides and gravel/sand pits to nest, which likely act as 867 

ecological sinks. Over two years, a female in southeastern Minnesota was tracked to nesting sites in 868 

active or old agricultural fields (Hamady and Hall 2011). Additionally, the stress of longer and more 869 
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perilous travel is a risk factor for both the nesting female and successful hatchlings. Prolonged searches 870 

for suitable habitat may delay nesting. Delayed nesting can result in nest failure, as eggs do not hatch 871 

below certain temperature thresholds, and young hatchlings are unable to hibernate (Buech et al. 2004, 872 

WDNR 2016). 873 

4.3.1-D:  Altered Hydrology 874 
Altered hydrology negatively affects Wood Turtle recruitment due to nest flooding, delayed nesting, and 875 

changes in the creation/maintenance of nesting habitat. Flooding in many parts of the Wood Turtle 876 

range is increasing in frequency, intensity, and duration, and is cited as a main contributor to nest failure 877 

(Spradling et al. 2010, Lenhart et al. 2013, WDNR 2016). Flooding was the primary cause of nest failure 878 

for populations of Wood Turtles monitored in Iowa (Spradling et al. 2010). A minority of nest sites in 879 

northeastern Minnesota failed due to flooding on one river, despite being identified as relatively flood 880 

safe, while a majority of nest sites flooded on another river (Crozier 2020). Wood Turtle eggs are 881 

thought to have low viability beyond 24 hours of flooding based on expert observations and similar 882 

turtle species; 2 or more days of inundation are thought to be lethal (Kam 1994, Spradling et al. 2010, 883 

Lenhart et al. 2013). 884 

Altered hydrology may additionally prohibit access to nesting sites until later in the season, delaying 885 

nesting and increasing risk of nest failure (Section 4.3.1-C). Natural river dynamics cause a shift in the 886 

location of suitable nesting habitat over time, potentially providing periods of time when nest 887 

depredation rates are reduced because predators have not yet found new nesting sites. Changes in 888 

hydrology may impact these dynamics, resulting in unnaturally high predation rates of turtles using the 889 

same nesting site year after year or being forced to use artificial sites like roadsides if suitable nesting 890 

sites are not being created or maintained on the river. Climate change will contribute to changes in 891 

hydrology.  892 

4.3.2  Desired Future Condition 893 

Recruitment is measured at self-sustaining levels. 894 

4.3.3  10-Year Goal 895 

Goal:  Increase recruitment of juveniles into populations. 896 

4.1.4  Strategies 897 

The Wood Turtle Planning Team identified two strategies to progress toward the 10-Year 898 
Goal: 1) Nest Site Level and 2) Juvenile Survival. 899 

4.1.5  Sub-strategies 900 

The Wood Turtle Planning Team identified sub-strategies to focus each strategy with the 901 
goal of developing targeted implementation activities with measureable targets. The 902 
strategies, sub-strategies, and how they address each sub-issue are presented in Table 4.903 
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Table 4. Juvenile Recruitment Strategies, Sub-strategies, and Sub-issues 

Strategy Sub-strategy 

Sub-issues: Juvenile Recruitment 

Nest 
Depredation 

Hatchling & 
Juvenile 

Predation 

Poor Nesting 
Habitat 

Altered 
Hydrology 

Nest site level 

Reduce nest depredation x   x   

Reduce effects of flooding     x  x 

Enhance and protect nest 
habitat x x x x 

Protect nest sites from 
recreationalists x x x   

Juvenile survival 
Head starting x x x x 

Improve hatchling and 
juvenile habitat   x   x 
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4.4  KNOWLEDGE GAPS 904 

4.4.1  Issue Statement 905 

Previous research and management efforts combined with field expertise inform ongoing work and 906 

provide an excellent foundation for future Wood Turtle management in Minnesota. Although we know 907 

much about Wood Turtles, there are knowledge gaps that should be addressed to inform strategies and 908 

better address the overall conservation goal. Knowledge gaps range from analyzing existing data to 909 

researching or integrating new technologies or techniques. The Wood Turtle Planning Team identified 910 

knowledge gaps related to the previously identified issues of habitat, adult mortality, removal, and sub-911 

lethal effects, and juvenile recruitment. The Wood Turtle Planning Team also identified knowledge gaps 912 

related to population status and trends, survey protocols, and outreach; these categories are not 913 

identified as issues, but they represent foundational elements of conservation that require further study 914 

(Table 5).  915 

Table 5. Wood Turtle knowledge gaps identified by the Wood Turtle Planning Team. 916 
Issue/Research Need Knowledge Gap Description 

Habitat 

Nest site selection Better understand nest site selection, such as how new 
nesting sites are selected, to encourage use of good 
quality sites  

Foraging habitat selection Understand foraging habitat selection in forest, 
grassland, agricultural, and other land use types 

Hibernacula selection Better understand hibernacula selection  
Forest management Better understand how forests should be managed, 

particularly microhabitat requirements 

Invasive plant species Understand the negative and positive impacts of reed 
canary grass and other invasive plant species  

Movement Research on movement distances within and from rivers 
Climate change impact Understand climate change and river dynamics 

Adult Mortality, 
Removal, and Sub-
Lethal Effects 

Unidentified mass mortality Investigate cause and mitigation of unidentified mass 
mortality events 

Road mortality Evaluate effectiveness of different road mortality 
prevention strategies 

Adult predation Research predation of adults such as the impacts of 
maiming 

Illegal collection Monitor for occurrence of illegal collection 
Contaminants and water quality Research impact of environmental contaminants and 

water quality 

Juvenile Recruitment 

Head starting Evaluate potential for head starting, including costs and 
benefits 

Nest protection Evaluate effectiveness of different nest protection 
strategies 

Hatchling and juvenile threats Research on threats to hatchlings and juveniles 
Hatchling and juvenile habitat, 
diet, and movement 

Research hatchling and juvenile habitat use, diet, and 
movement patterns 

Hatchling and juvenile hibernation Research overwintering habitat use of hatchlings and 
juveniles 

Climate change and nesting Research impact of climate change on nesting and 
juvenile recruitment  
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Issue/Research Need Knowledge Gap Description 

Population Status and 
Trends 

Population viability Assess and monitor population viability 
Population dynamics Conduct a long-term study of adult Wood Turtles to 

determine causes of death and rates of mortality. 
Distribution Assess and monitor current distribution  
Genetic health Collect genetic samples during surveys to evaluate the 

genetic viability of the population 

Survey Protocols 

eDNA Evaluate effectiveness of eDNA in detecting presence of 
Wood Turtles within stream reaches 

Marking methodology Evaluate effectiveness of marking techniques and 
standardize methods 

Survey protocol Standardize survey protocols and evaluate need for 
regionally specific protocols 

Monitoring protocol Standardize monitoring protocols for year to year 
comparison 

Turtle locating dogs Evaluate effectiveness of turtle-locating dogs 
Genetic sample collection Evaluate and standardize genetic sample collection 

methods  

Outreach 
Public engagement Research methods to educate and engage public with 

Wood Turtles 
Public education Assess strategies for public education  

4.4.2 Desired Future Condition 917 

Acquire sufficient information to confidently make management decisions for Wood Turtle 918 

conservation. 919 

4.4.3  10-Year Goal 920 

Goal:  Increase knowledge in key areas to improve effectiveness of the conservation 921 
strategies. 922 

4.4.4 Strategies 923 

For Knowledge Gaps, the Strategies are equivalent to the Issue/Research Need listed in 924 
Table 5.  925 

4.4.5  Sub-Strategies 926 

For Knowledge Gaps, the Sub-Strategies are equivalent to the Description listed in Table 5.927 
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4.5 PARTNERSHIPS 928 

4.5.1 Issue Statement 929 

Wood Turtle research, monitoring, conservation, and recovery efforts are ongoing in Minnesota 930 

and throughout the Wood Turtle range in much of the Upper Midwest. Partnerships have been or are forming 931 

among agencies, non-governmental organizations, universities and other stakeholders. These partnerships 932 

should be maintained and expanded upon to continue addressing Wood Turtle conservation within Minnesota 933 

and at a regional level.  934 

4.5.2 Desired Future Condition 935 

A network of partnerships exists that allows communication and coordination of information and 936 

management. 937 

4.5.3 10-Year Goal 938 

Goal:  Enhance partnerships among Wood Turtle stakeholders in Minnesota and the Upper 939 
Midwest. 940 

4.5.4 Strategies 941 

The Wood Turtle Planning Team identified one strategy to progress toward the 10-Year Goal: 942 
Enhance Partnerships. 943 

4.5.5 Sub-Strategies 944 

The Wood Turtle Planning Team identified six sub-strategies to focus the strategy with the goal of 945 
developing targeted implementation activities with measurable targets (Table 6).  946 

 947 
Table 6. Partnership Sub-strategies. 948 

Strategy Sub-strategy 

Enhance 
Partnerships 

Maintain communication with existing partners. 

Hold meetings with Wood Turtle experts to exchange information. 

Look for opportunities to bring in new partners. 

Investigate the feasibility of establishing an Upper-Midwest monitoring 
program and database. 
Pursue joint applications for funding within Minnesota and Upper Midwest. 

Address data sensitivity. 

949 
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5. IMPLEMENTATION PLAN 950 

 951 
The Implementation Plan was developed collaboratively by the Wood Turtle Planning Team and 952 

Northeast and Southeast regional Work Groups. The Southeast and Northeast Work Groups used the 953 

strategies and sub-strategies developed by the Planning Team and completed worksheets detailing 954 

region-specific targeted implementation activities, milestones, tracking metrics, prioritization, and 955 

target start dates for each sub-strategy. The Work Group worksheets are included as an Appendices. The 956 

central Minnesota Wood Turtle populations were included in the Northeast Work Group. 957 

 958 

1. Targeted Implementation Activities: 959 
The targeted implementation activities are the implementation activities that address specific 960 

sub-strategies. These are countable projects, activities, services, or products that can be tracked 961 

as progress towards achieving the goals. Some activities may address more than one issue and 962 

achieve more than one goal. 963 

2. Milestones: 964 
Milestones will assess progress of sub-strategies based on specific steps.  965 

3. Tracking Metrics: 966 
Depending on the activity, tracking metrics may include a yes/in progress/no assessment of 967 

activity completion or specific quantities of activity outcomes. 968 

4. Prioritization:  969 
Prioritization was assigned to sub-strategies based on regional Work Group expertise. 970 

5. Target Start Date: 971 
A target start date within the next 10 years was assigned to sub-strategies based on regional 972 

Work Group expertise. Some sub-strategy activities are already or will be ongoing. 973 

The Implementation Plan is presented in Tables 8-20 and provides examples of targeted implementation 974 

activities and measureable targets for all sub-strategies. The full list of targeted implementation 975 

activities and measurable targets for each sub-strategy is included for each region in Appendices A 976 

and B. Key river stretches were also identified for both regions to help prioritize location of 977 

implementation activities. Descriptions of these key stretches are included in Appendices C and D.    978 

Tracking performance toward targets is an important step to the Implementation Plan. Performance 979 

toward targets will be assessed every two years by documenting completed activities according to a 980 

template comparable to the Conservation Partners Legacy Program Annual Report. After five years, 981 

work to date will be evaluated with potential for re-prioritization, timeline adjustment, and additional 982 

activities. 983 

Implementation activities generally rely on grant funding. The Implementation Plan can be used to 984 

determine what activities need to be completed, how to prioritize, and which grants are applicable for 985 

specific activities. 986 

A list of potential and existing partners was compiled by the Wood Turtle Planning Team (Table 7). 987 

Partners are encouraged to use and participate in the Implementation Plan. Partners can use the 988 

Implementation Plan to prioritize activities and apply for grant funding. Further, partners can track 989 

performance toward targets via the activity documentation assessment to be completed every two years.  990 
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Table 7. List of potential and existing partners. 991 

Potential and Existing Partners 
Conservation Planning Specialist Group (CPSG) of IUCN 
County Governments (e.g. Parks Departments) 
Minnesota Board of Soil and Water Resources (BWSR) 
Minnesota Department of Transportation 
Minnesota Land Trust 
Minnesota Zoo 
MNDNR Divisions: Ecological and Water Resources, Parks & Trails, Fish & Wildlife, Forestry, 
Enforcement 
National Park Service 
Private Landowners 
The Nature Conservancy 
Tribal Governments 
Trout Unlimited 
U.S. Fish and Wildlife Service 
U.S. Forest Service 
Universities 
Watershed Management Organizations and Partnerships 
Upper Midwest DNR agencies (WDNR, IDNR, MI DNR) 
Place A 
Place C 

 992 

 993 
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5.1  ISSUE: HABITAT  
Table 8. Implementation Plan for the River System Management strategy. 

ISSUE: Habitat 
STRATEGY: River System Management 

Sub-strategy Region Prioritization Target Start Date Example Targeted Implementation Activities Example Milestones 
Example Tracking 

Metrics 

Protect habitat in key river 
stretches 

SE High 1-2 years 

Using available data, identify key areas for protection. Key 
areas may include sections of the river with large numbers of 
Wood Turtles, good habitat, important nest sites, or where 
there are existing protection efforts that can be expanded on. 

Compile known data for each main population to 
identify key river stretches for protection.  
 
Based on these data, recommendations are made 
on the highest priority river stretches and parcels 
for protection and potential protection options. 
 
At the highest priority sites, land is protected as 
opportunity allows. 

# rivers evaluated  
 
# parcels protected 

NE High 1-2 years 

Increase terrestrial habitat 
connectivity 

SE High 1-2 years 
Identify ways to increase habitat connectivity.  
 
Consider techniques such as property 
acquisition, reforestation, removing invasive 
species, enforcement of shoreline ordinances, restoring high 
quality nesting habitat adjacent to the river, maintaining 
nesting, foraging, and overwintering habitats in close 
proximity in locations with no roads, etc.  

Compile known data for each main population to 
identify barriers to movement and opportunities 
for increasing habitat connectivity.  
 
Based on these data, recommendations are made 
on the highest priority locations for reducing 
threats and increasing habitat connectivity and 
potential ways to address the issue.  
 
At the highest priority sites, habitat connectivity 
efforts are conducted. 

#  rivers evaluated 
 
# areas where 
connectivity is restored 

NE Medium 3-5 years 

Sustain free-flowing natural river 
systems 

SE High 1-2 years 
Identify ways to increase river connectivity.  
 
Consider techniques such as fish passage structures, terrestrial 
safe passage areas, removal of dams, restoring floodplains, 
etc.  

Compile known data for each main population to 
identify locations with physical river connectivity 
issues.  
 
Based on these data, recommendations are made 
on the highest priority areas with river 
connectivity issues. 
 
At the highest priority sites, river connectivity 
efforts are conducted. 
 

# rivers evaluated  
 
# areas where 
connectivity is restored 

NE Medium 3-5 years 
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ISSUE: Habitat 
STRATEGY: River System Management 

Sub-strategy Region Prioritization Target Start Date Example Targeted Implementation Activities Example Milestones 
Example Tracking 

Metrics 

Reduce agricultural overland and 
sub-surface runoff 

SE Medium 6-10 years 
Identify targeted areas for improving practices to reduce 
runoff. 
 
Consider practices such as increased buffer zones and 
retention ponds/wetlands to hold runoff 

Participate in watershed planning efforts # planning efforts 
engaged 

NE Low 6-10 years 

Incorporate Wood Turtle needs into 
landscape scale planning efforts 

SE High 1-2 years Consider cumulative impacts of development and forest 
management projects on watershed health.  
 
Incorporate Wood Turtle habitat needs and threats to Wood 
Turtles into planning efforts.  
 
Incorporate climate change considerations in planning efforts. 

Participate in or provide recommendations to the 
development of One Watershed One Plan 
(upcoming plans include Northeast K and 
Northeast B River).  
 
 

# guidance/planning 
efforts engaged 

NE Medium 1-2 years 
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Table 9. Implementation Plan for the Site Habitat strategy. 

ISSUE: Habitat 
STRATEGY: Site Habitat 

Sub-strategy Region Prioritization Target Start Date Example Targeted Implementation Activities Example Milestones 
Example Tracking 

Metrics 

Identify, create, restore, and 
enhance nesting habitat 

SE High 3-5 years 
Identify nesting sites and/or potential nesting sites using 
surveys and GIS data. Focus on natural nesting sites, important 
nesting sites, and important stretches of river for nesting.  
 
Restore or enhance nesting sites by removing invasive species 
and encroaching vegetation.  
 
Consider creating nesting habitat in areas that lack suitable 
habitat or have habitat connectivity issues.  

Compile known data for each main population on 
nesting sites, potential nesting sites, turtle use, 
predation, and flooding risk.  
 
Conduct field surveys to identify key nesting sites, 
particularly natural sites.  
 
At the highest priority nesting sites, habitat 
improvement efforts are conducted.  

# rivers evaluated 
 
# sites created, 
restored, or enhanced 

NE High 1-2 years 

Identify, create, restore, and 
enhance foraging habitat 

SE High 1-2 years 
Identify preferred foraging habitat using telemetry and/or GIS 
data.  
 
Manage for high quality native plant communities with 
abundant herbaceous forage. Maintain or enhance species 
and structural diversity as appropriate of the native plant 
community. Consider techniques such as artificial seeding, 
underplanting under-represented species, release of advanced 
regeneration, prescribed fire, and reducing invasive species.  

Compile known data for each main population on 
potential foraging habitat.  
 
Based on these data, recommendations are made 
on the highest priority areas where foraging 
habitat could be enhanced.  
 
In the highest priority locations, conduct habitat 
improvement efforts. 

# rivers evaluated                                        
# sites restored or 
enhanced 

NE Low 6-10 years 

Identify, create, restore, and 
enhance hibernacula habitat 

SE Low 1-2 years 
If lacking, place trees in the river adjacent to important 
nesting sites for overwinter habitat for hatchlings.                                                                        
 
Discuss trail maintenance with DNR Parks and Trails. 
Recommend leaving fallen trees in the river as much as 
possible. 

Nesting sites where habitat enhancement work 
has occurred also has adjacent overwintering 
habitat for hatchlings.  
                                                                   
Recommendations provided to DNR Parks and 
Trails. 

# sites where 
management activities 
occurred                                    
# outreach efforts to 
DNR Parks and Trails 

NE Low 6-10 years 



Minnesota Wood Turtle Conservation Plan 

DRAFT Wood Turtle Conservation Plan  
 

Page | 41  

 

  

ISSUE: Habitat 
STRATEGY: Site Habitat 

Sub-strategy Region Prioritization Target Start Date Example Targeted Implementation Activities Example Milestones 
Example Tracking 

Metrics 

Improve site level management 
recommendations 

SE High 1-2 years Revise forest management recommendations for Wood 
Turtles using results from the cSWG projects as well as other 
sources of information.  
 
Develop BMPs for Wood Turtles in SE MN  
 
Work with environmental review staff and MNDOT to revise 
recommendations for development and road projects.  

Forest management recommendations are 
revised and BMPs developed (i.e., DNR guidance 
document).  
 
Environmental review recommendations for 
Wood Turtles are revised (i.e., DNR 
environmental fact sheet).  
 
Guidance documents are distributed to land 
managers (DNR staff, county land departments, 
USFS, private landowners, etc.)  

# documents 
completed 

NE High 1-2 years 
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5.2  ISSUE: ADULT MORTALITY, REMOVAL, AND SUB-LETHAL IMPACTS 
Table 10. Implementation Plan for the Human Induced Mortality strategy. 

ISSUE: Adult Mortality, Removal, and Sub-Lethal Impacts 
STRATEGY: Human Induced Mortality 

Sub-strategy Region Prioritization Target Start Date Example Targeted Implementation Activities Example Milestones Example Tracking Metrics 

Reduce road mortality 

SE Medium 3-5 years Using available data, identify locations with road mortality 
issues or potential issues.   
 
Work with MNDOT and county land departments to identify 
ways to reduce road mortality in problem areas. Consider 
techniques like safe passage benches, installing road 
barriers, turtle crossing signs, reducing the attractiveness of 
roads, creating alternative nesting habitat in the vicinity, 
public information announcements, etc. 

Compile known data for each main population to 
identify areas with road mortality and potential 
road mortality issues.   
 
At the highest priority sites, road mortality 
surveys are conducted and/or efforts are made 
to modify road crossings in collaboration with 
the appropriate road authority.  

# rivers evaluated 
 
# areas with road crossing 
modifications 

NE High 1-2 years 

Minimize risk of illegal take 

SE Medium 1-2 years 

Wood Turtle experts and the DNR Endangered Species 
Coordinator should weigh the risks vs. benefits of involving 
local citizens in the protection of local Wood Turtle 
populations. Come to a decision about if local citizens could 
be recruited to help with Wood Turtle conservation efforts 
and to watch for poachers.  
 
Educate citizens about not taking turtles home and the 
concerns about rare turtle populations.  
 
Provide conservation officers with the location of significant 
Wood Turtle populations so they can watch out for 
poachers.  

A decision is made about how to engage citizens 
in Wood Turtle conservation.  
 
Conservation officers are provided information 
on Wood Turtle populations.  

# outreach efforts to public 
 
# outreach efforts to 
conservation officers 

NE High 1-2 years 

Refine BMPs 

SE Medium 3-5 years 
Revise forest management recommendations for Wood 
Turtles using results from the cSWG projects as well as other 
sources of information.  
 
Develop best management practices for sand and gravel 
mining operations.  
 
Determine adequate buffer widths for agricultural fields and 
livestock. Assess distance traveled by radio-tagged turtles to 
develop preferred buffer widths. 

Forest management recommendations are 
revised (i.e., DNR forest management 
guidelines).  
 
BMPs are developed for mining operations.  
 
Buffer widths are determined. 

# BMP recommendations 
revised/developed 

NE High 1-2 years 
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Table 11. Implementation Plan for the Natural/Unknown Mortality strategy. 

ISSUE: Adult Mortality, Removal, and Sub-Lethal Impacts 
STRATEGY: Natural/Unknown Mortality 

Sub-strategy Region Prioritization Target Start Date Example Targeted Implementation Activities Example Milestones Example Tracking Metrics 

Effects of discrete flood 
events 

SE High 1-2 years Utilize telemetry and/or marked turtles to assess impacts of 
flood events on turtles 
 
Identify potential backwater areas or eddies where turtles 
could escape the flood waters and ultimately return to 
home range 

Conduct study # important backwater areas 
identified 

NE Low 6-10 years 

Reduce predation 

SE Medium 3-5 years 
Assess the impacts of predation on the population. 
 
Develop recommendations to reduce adult mortality.  

Conduct study # recommendations developed 

NE Low 6-10 years 

Develop protocols for 
testing for disease 

SE Low 3-5 years Collect dead turtles found during survey activities and 
submit for testing when feasible.  
 
Collect samples from live turtles (sick and healthy 
individuals) for testing. 

When large die-offs occur, samples are 
collected and tested within 1-2 years of the 
event.  

# samples collected 

NE High 1-2 years 
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5.3  ISSUE: JUVENILE RECRUITMENT 
Table 12. Implementation Plan for the Nest Site Level strategy. 

ISSUE: Juvenile Recruitment 
STRATEGY: Nest Site Level 

Sub-strategy Region Prioritization Target Start Date Example Targeted Implementation Activities Example Milestones Example Tracking Metrics 

Reduce nest depredation 

SE High 1-2 years Using available data, identify locations where nest 
depredation is a problem or is likely a problem.  
 
Conduct field surveys or use remote cameras to determine 
the extent of the problem.  
 
Protect nests from depredation using techniques such as 
nest cages and electric fences. Consider if predator control 
could be a useful technique.  

Compile known data for each main population 
on nest depredation, predators, and the most 
important nesting sites.  
 
Based on these data, recommendations are 
made on the most critical areas for protecting 
nests from depredation. Consider prioritizing 
locations where nesting habitat improvement 
efforts have occurred.  
 
At the highest priority areas, efforts are made to 
reduce nest depredation. 

# rivers evaluated 
 
# nests or sites protected  
 
# successful nests (hatchlings) 

NE High 1-2 years 

Reduce effects of flooding 

SE  High 1-2 years Using available data, identify locations where nest flooding 
is an issue or a potential issue. 
 
Create hydrologic models to predict flooding risk and assess 
impacts of climate change on flooding. 
 
On nest sites with flooding concerns, consider expanding 
the nest site to include additional flood-safe habitat. 

Compile known data for each main population 
on nest flooding and turtle use. 
 
At the highest priority sites, expand nesting sites 
into flood-safe areas where feasible. 

# rivers evaluated 
 
# sites expanded 

NE Medium 3-5 years 

Enhance and protect nest 
habitat 

SE High 1-2 years 

Identify high priority nesting sites (with an emphasis on 
natural sites) and monitor turtle use, predation rates, and 
flooding. Restore and enhance the habitat quality on the 
highest priority nesting areas 
 
Identify locations that are sinks in terms of high nest failure 
rates (roadsides, agricultural fields, active gravel pits, etc.). 
Determine if there are ways to reduce turtle use of these 
areas, create nesting habitat nearby, or re-direct turtles to 
higher quality areas.  
 
Identify stretches of river where good nesting habitat may 
be lacking, particularly where turtles nest on roads. 
Consider creating nesting habitat.  

Compile known data for each main population 
on high priority nesting sites, stretches of river 
that lack nesting habitat, or nesting sites that are 
at high risk of development.  
 
Set up long-term monitoring sites to monitor 
turtle nesting, predation, flooding, and hatching 
rates. 
 
At the highest priority areas, nesting habitat is 
enhanced or protected as feasible. 

# rivers evaluated 
 
# long-term monitoring sites 
 
# successful nests (hatchlings) 

NE High 1-2 years 
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ISSUE: Juvenile Recruitment 
STRATEGY: Nest Site Level 

Sub-strategy Region Prioritization Target Start Date Example Targeted Implementation Activities Example Milestones Example Tracking Metrics 

Protect nest sites from 
recreationalists 

SE Low 3-5 years Identify high priority nesting sites that are used by 
recreationists.  
 
Conduct field surveys or use remote cameras to determine 
the extent of the problem. 
 
Reduce recreational pressure at high priority sites. Block 
access to nesting sites, consider seasonal closures, contact 
COs about illegal activity. 

Compile known data for each main population 
on locations where recreation is a problem. 
 
At the highest priority sites, efforts are made to 
reduce recreation on nest sites. 

# rivers evaluated                                                         
# sites protection efforts 

NE Medium 3-5 years 
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Table 13. Implementation Plan for the Juvenile Survival strategy. 

ISSUE: Juvenile Recruitment 
STRATEGY: Juvenile Survival 

Sub-strategy Region Prioritization Target Start Date Example Targeted Implementation Activities Example Milestones 
Example Tracking 

Metrics 

Head starting 

SE High 1-2 years Identify areas with high potential for successful 
establishment 
 
Remove eggs from wild nests: incubate eggs and then 
release young shortly after hatching versus raise ex-situ for 
period of time (1-2 years) and then release.  

Compile known data for each main population on 
relevant to potential headstart establishment.  
Based on these data, recommendations are 
made on the highest priority areas for 
headstarting. 
 
Release headstarts at priority areas.  

# rivers evaluated 
 
# headstarts successfully 
reared and released 
 
# headstarts surviving in 
wild after X number of 
years 

NE Low 6-10 years 

Improve hatchling and 
juvenile habitat 

SE Medium 6-10 years 

Identify potential hatchling and juvenile habitats.  
Assess if these habitats could be enhanced, such as removing 
invasive species. 

Compile known data on hatchling and juvenile 
habitat requirements. 
 
Determine locations where habitat could be 
enhanced. Focus on areas with high quality 
nesting. Conduct habitat management. 

# rivers evaluated                                                         
 # sites managed 

NE Low 6-10 years 
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5.4  ISSUE: KNOWLEDGE GAPS 
Table 14. Implementation Plan for the Habitat strategy. 

ISSUE: Knowledge Gaps 
STRATEGY: Habitat 

Sub-strategy Region Prioritization Target Start Date Example Targeted Implementation Activities Example Milestones 
Example Tracking 

Metrics 

Understand benefits and 
consequences of reed canary 

grass and 
other invasives 

SE Low 6-10 years 
Determine habitat selection or avoidance in areas infested 
with invasive species.  
 
Determine how much impact invasive species may have on 
affecting habitat. 

Establish research partners 
 
Acquire funding 

Project conducted 

NE Medium 6-10 years 

Understand foraging habitat 
selection in forest, grassland, 

agriculture, and 
other land use 

SE Medium 3-5 years 

Analyze the cSWG telemetry data to determine foraging 
habitat selection in relationship to habitat availability.  
 
Conduct field surveys to quantify the vegetation 
characteristics in heavily used foraging areas (amount of 
downed woody debris, herbaceous vegetation, canopy 
closure, etc.).   
 
 Use telemetry to assess habitat use in rivers with no habitat 
information. 

Establish research partners 
 
Acquire funding 

Project conducted 

NE High 1-2 years 

Better understand how 
habitat could be managed, 

particularly for 
microhabitat needs 

SE High 6-10 years 

Research project or monitoring in an adaptive mgmt. 
framework  
 
Develop protective strategies for agricultural areas used by 
turtles  
 
Determine important habitat characteristics that could be 
managed for during typical forest management activities. 
Determine how turtles respond to different forest 
management practices.  

Establish research partners 
 
Acquire funding 

Project conducted 

NE Medium 3-5 years 
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ISSUE: Knowledge Gaps 
STRATEGY: Habitat 

Sub-strategy Region Prioritization Target Start Date Example Targeted Implementation Activities Example Milestones 
Example Tracking 

Metrics 

Better understand nesting 
site selection  

SE High 3-5 years 

Compare use of created sites vs. sites Wood Turtles 
traditionally have used; how do we get them to use the 
created sites? What kinds of created sites will they prefer 
over traditionally used sites? 
 
Assess if size of site should be factored into the research on 
nest site effectiveness 
 
Identify characteristics of successful nest sites, nest site 
fidelity, and the important of staging habitat. 

Establish research partners 
 
Acquire funding 

Project conducted 

NE Medium 3-5 years 

Better understand 
hibernacula selection 

SE Low 6-10 years Using the cSWG telemetry data, collect and analyze data to 
quantify river and habitat features at hibernacula sites.   
 
Assess if hibernacula sites may be limiting. If so, make 
recommendations on how to better manage for hibernacula 
sites.  

Establish research partners 
 
Acquire funding 

Project conducted 

NE High 1-2 years 

Research on movement 
distances 

SE High 3-5 years 

Use cSWG data to assess movements up and downstream on 
the river, movements from the river onto land, determine 
home range, and examine typical movement patterns 
between the hibernacula site, nesting site, and foraging sites.  
 
Examine the cSWG data to see if there appear to be 
differences in turtle habitat use and movement patterns 
between the main river and tributaries.   
 
From this, determine if more telemetry data is needed to 
quantify habitat use and movement patterns of turtles in 
smaller tributaries. 

Establish research partners 
 
Acquire funding 

Project conducted 

NE High 1-2 years 

Understand climate change 
and river dynamics 

SE High 6-10 years 

Establish long-term monitoring sites to assess flooding of 
nest sites.   
 
Create hydrologic models to assess the impacts of climate 
change and changes in hydrology on nesting habitat 
availability. 
 
On nest sites with flooding concerns, consider expanding the 
nest site to include additional habitat that is typically flood-
safe.  

Establish research partners 
 
Acquire funding 

Project conducted 

NE Medium 6-10 years 
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Table 15. Implementation Plan for the Adult Mortality strategy. 

ISSUE: Knowledge Gaps 
STRATEGY: Adult Mortality 

Sub-strategy Region Prioritization Target Start Date Example Targeted Implementation Activities Example Milestones Example Tracking Metrics 

Investigate unidentified 
mortality events (e.g. 

disease) 

SE Low 1-2 years 

Consult with the National Wildlife Health Center and other 
disease labs regarding proper protocols, such as where 
should samples be sent, how to collect and store samples, 
etc. Establish a protocol.  
 
Conduct research on possible causes of the mortality event 
(water level changes, etc.).  
 
Conduct literature search for information related to turtle 
mortality in general  

Samples are sent for testing within 1-2 years 
of a large mortality event.  
 
Establish research partners 
 
Acquire funding 
 

Project conducted  
 

NE High 1-2 years 

Effectiveness of different 
road mortality prevention 

strategies 

SE Medium 1-2 years Experiment with different barrier designs, materials, and 
ways to deal with private lands to see what is most 
effective. 
 
Conduct research on dangerous crossings to see what 
characteristics are associated with these crossings. 

Establish research partners 
 
Acquire funding 

Project conducted 

NE Medium 3-5 years 

Research cause of injury  
and mortality of adults  

(i.e. predation, mowing) 

SE Low 3-5 years 

Determine the importance of different causes of adult 
mortality and injury.                                                                               

Establish research partners 
 
Acquire funding 

Project conducted 

NE Low 6-10 years 

Monitor if illegal collection 
is occurring  

SE Medium 1-2 years 

Assess sites for vulnerability to collecting. Monitor priority 
sites with game cameras. 

Establish research partners 
 
Acquire funding 

Project conducted 

NE Low 6-10 years 
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ISSUE: Knowledge Gaps 
STRATEGY: Adult Mortality 

Sub-strategy Region Prioritization Target Start Date Example Targeted Implementation Activities Example Milestones Example Tracking Metrics 

Research on impacts of 
environmental 
contaminants 

SE Low 3-5 years 

Collect environmental and turtle samples to assess 
presence/levels of selected chemicals. 

Establish research partners 
 
Acquire funding 

Project conducted 

NE Low 6-10 years 
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Table 16. Implementation Plan for the Juvenile Recruitment strategy. 

ISSUE: Knowledge Gaps 
STRATEGY: Juvenile Recruitment 

Sub-strategy Region Prioritization Target Start Date Example Targeted Implementation Activities Example Milestones 
Example Tracking 

Metrics 

Effectiveness of different 
nest protection strategies  

SE High 1-2 years 
Additional testing of electric fences is needed. Install electric 
fences on several more sites to confirm they are effective in 
different situations (particularly sites with high predation or 
different types of predators).  
 
Compare depredation and productivity rates of protected vs. 
control nests. Refine our estimates of depredation rates for 
unprotected nests.  

Establish research partners 
 
Acquire funding 

Project conducted 

NE High 1-2 years 

Research on threats to 
hatchlings and juveniles 

SE Medium 3-5 years Using telemetry, track hatchlings and juveniles to determine 
potential threats.  
 
Necropsy deceased juveniles to determine cause of death 
when feasible. 

Establish research partners 
 
Acquire funding 

Project conducted 

NE Medium 3-5 years 

Research hatchling and 
juvenile habitat use, diet, 
and movement patterns  

SE High 3-5 years 

Using telemetry, examine habitat use and movement 
patterns of hatchlings and juveniles.  

Establish research partners 
 
Acquire funding 

Project conducted 

NE High 3-5 years 

Overwintering habitat use of 
hatchlings and juveniles  

SE Medium 3-5 years 

Using telemetry, determine characteristics of overwintering 
sites of hatchlings and juveniles. Determine if overwintering 
habitat is limiting. 

Establish research partners 
 
Acquire funding 

Project conducted 

NE Low 6-10 years 
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ISSUE: Knowledge Gaps 
STRATEGY: Juvenile Recruitment 

Sub-strategy Region Prioritization Target Start Date Example Targeted Implementation Activities Example Milestones 
Example Tracking 

Metrics 

Research impact of climate 
change on nesting and 
juvenile recruitment 

SE High 1-2 years 

Determine habitat use of juveniles, and whether they are 
moved downstream after flooding events and if there is 
correlation between displacement and extent of flooding.  
 
Install water level loggers at nest sites to measure water 
elevations and flood duration.  
 
Use hydrologic models to predict how climate change will 
affect the availability of nesting habitat and flooding of nest 
sites. 

Establish research partners 
 
Acquire funding 

Project conducted 

NE Medium 6-10 years 
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Table 17. Implementation Plan for the Survey Protocol strategy. 

ISSUE: Knowledge Gaps 
STRATEGY: Survey Protocols 

Sub-strategy Region Prioritization Target Start Date Example Targeted Implementation Activities Example Milestones Example Tracking Metrics 

Effectiveness of eDNA 
surveys 

SE High 1-2 years 
Determine best timing of water collection (i.e. when would 
eDNA be most concentrated).  
 
Explore availability of DNA sequencing information for Wood 
Turtles (to ensure primers have been developed and known 
sequences can be matched to our test samples)  
 
Collect water samples at sites with both known populations 
of varying abundances (to document detectability) and sites 
with no known populations (to assess presence/absence).  

Establish research partners 
 
Acquire funding 

Project conducted 

NE Low 6-10 years 

Evaluate effectiveness of 
marking techniques and 

standardize methods used 

SE Medium 3-5 years 

Using existing data, compare error rates in identifying 
recaptures using different marking methods.  
 
Develop a standard marking protocol by river. 

Compile data 
 
Analyze data 

Recommendations on 
standard marking protocol 

NE Low 6-10 years 

Standardizing survey 
protocols  

SE High 3-5 years 
Describe methods already being utilized in MN surveys 
during different seasons and locations or using various 
approaches (i.e., watercraft, hiking, cameras, dogs, etc.)  
 
Describe conditions under which each approach is optimal 
and note conditions that prevent efforts (i.e. vegetation 
height, water levels, temperature, etc.) 
 
Develop protocols for assessing occupancy of under-
surveyed rivers and for monitoring population contraction 
and expansion. 

Protocol drafted and reviewed by turtle 
researchers within/outside DNR  
 
 Datasheets updated based on standardized 
protocol  

Protocol finalized 

NE Medium 3-5 years 
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ISSUE: Knowledge Gaps 
STRATEGY: Survey Protocols 

Sub-strategy Region Prioritization Target Start Date Example Targeted Implementation Activities Example Milestones Example Tracking Metrics 

Standardizing monitoring 
protocols 

SE Medium 6-10 years 

Assess if the monitoring protocol developed for the 
Northeast L River is effective for the other rivers in the 
northeast. If not, work with U of M to modify the protocol 
for use on other rivers.  
 
Work towards a standard or comparable protocol for the NE 
and SE populations.  
 
Work towards a standard or comparable protocol for the 
region (WI, IA, MI, MN).  
 
Create a statewide database for MN Wood Turtle 
monitoring data (including a photo database) 

A standard protocol is finalized (could be river 
specific).  
 
A database is created for Minnesota 

Protocol finalized for X 
number of locations 
 
Database is created 

NE High 3-5 years 

Effectiveness of turtle dogs  

SE High 3-5 years 
Pursue funding to train a dog specifically for detecting Wood 
Turtles (i.e. LCCMR funding: MN Zoo)   
 
Continue to assess working with local or regional handlers   
 
Test dog at locations with known healthy turtle populations 
(or sites with radio-tagged turtles)  

Acquire a trained dog, or acquire a dog and 
train it to detect Wood Turtles  
 
Followed up on progress of dog ability to locate 
Wood Turtles  
 
Radio-tagged Wood Turtles are independently 
and consistently detected by dog without 
guidance by handler  

Dog used for surveys 
 
Effectiveness of dogs assessed 

NE Low 6-10 years 

Evaluate and standardize 
genetic sample collection 

methods  

SE High 1-2 years 

Conduct literature review of sampling protocol  
 
      a. what: blood samples, tissue, shell shavings, etc.  
 
      b. where: caudal vein, nuchal sinus cavity, or other 
locations  
 
Test sampling options on MN turtles  
 
Develop standardized approach for collecting and analyzing 
samples based on testing results  

Literature compiled on what samples to collect 
and where to collect them 
 
Sampling methods tested on turtles (not 
necessarily Wood Turtles)  
 
Standardized approach drafted and reviewed by 
turtle researchers and geneticists 

Protocol finalized 

NE Low 6-10 years 
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Table 18. Implementation Plan for the Population Status and Trends strategy. 

ISSUE: Knowledge Gaps 
STRATEGY: Population Status and Trends 

Sub-strategy Region Prioritization Target Start Date Example Targeted Implementation Activities Example Milestones Example Tracking Metrics 

Assess and monitor 
population viability  

SE High 6-10 years 
Set up long-term monitoring sites on each main population.  
 
Monitor each population every 5 years. Assess relative 
abundance, adult sex ratio, juvenile-adult ratio, 
survivorship, and age class structure.  

Long-term monitoring sites are established on 
each main population.  
 
Baseline data is collected on each main 
population.  
 
Population modeling efforts continue with 
additional data.  

# rivers with long-term 
monitoring sites established                                 
 
# sites re-surveyed every 5 
years 

NE High 3-5 years 

Assess and monitor 
current distribution 

SE High 1-2 years 

Determine the highest priority under-surveyed areas. Focus 
on rivers with good habitat and under-surveyed areas near 
known populations. Consider re-surveying old or 
questionable NHIS records to determine if populations exist 
in those areas.  
 
Determine the highest priority areas for monitoring 
contraction and expansion of each main population. 
Conduct occupancy surveys at regular intervals in the 
highest priority areas.  

The highest priority under-surveyed rivers are 
surveyed.  
 
Occupancy monitoring is initiated to assess 
population expansion or contraction on each 
main population.  

# under-surveyed river stretches 
surveyed                          
 
# populations surveyed for 
expansion/contraction 

NE High 1-2 years 

Take genetic samples 
during surveys to evaluate 

population genetic 
viability 

SE High 3-5 years 
Determine if there are rivers in which assessing genetic 
health is a priority 
 
Consider using genetic samples to confirm that populations 
are isolated from each other.  
 
Determine the protocol for collecting genetic samples, 
storage of samples, and number of samples needed.   

The highest priority rivers are assessed for 
genetic health 
 
Sampling protocol developed 

# priority rivers for sampling 
 
# populations sampled 

NE Medium 6-10 years 

Long-term study of 
population dynamics and 

mortality 

SE * * 

Conduct a long-term study of adult Wood Turtles to 
determine causes of death and rates of mortality to better 
understand relative threats to turtles. 

Establish research partners 
 
Acquire funding 

Project conducted 

NE High 3-5 years 
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Table 19. Implementation Plan for the Outreach strategy. 

ISSUE:   Knowledge Gaps 
STRATEGY:   Outreach 

Sub-strategy Region Prioritization Target Start Date Example Targeted Implementation Activities Example Milestones Example Tracking Metrics 

Research ways to educate 
and engage public with 

Wood Turtles  

SE Low 6-10 years Determine what has been effective outreach for other at-risk 
species.  
 
Conduct and assess the effectiveness of outreach programs, 
news releases, fundraising efforts, etc. 

Complete review of public outreach strategies # outreach efforts to 
public conducted 

NE Low 6-10 years 

Strategies for public 
education  

SE Low 6-10 years 

Determine strategies for educating private landowners about 
what they can do on their lands to help Wood Turtles. 

 
Develop strategies 

# outreach efforts to 
private landowners 
conducted 

NE Medium 6-10 years 

*To be considered for the southeast region in following 10-year plan period. 
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5.5  ISSUE: PARTNERSHIPS 
Table 20. Implementation Plan for the Enhance Partnerships strategy. 

ISSUE: Partnerships 
STRATEGY: Enhance Partnerships 

Sub-strategy Region Prioritization Target Start Date Example Targeted Implementation Activities Example Milestones 
Example Tracking 

Metrics 

Maintain communication with 
existing partners  

SE High 1-2 years Conduct an annual pre-field season conference call to discuss 
upcoming field season activities and topics of interest.  
 
Keep partners informed by sharing reports, pertinent data, 
and project proposals.  

Annual pre-field season coordination meeting 
occurs.  

# annual meetings 
conducted 

NE High 1-2 years 

Hold meetings with Wood 
Turtle experts to exchange 

information 

SE Medium 1-2 years 

Collaborate with partners to organize a regional Wood Turtle 
workshop Workshop is held. # workshops conducted 

NE Medium 3-5 years 

Look for opportunities to bring in 
new partners  

SE Medium 1-2 years 
Pursue opportunities to engage with potential partners 
 
Reach out to local conservation groups to explore potential 
collaborations. 

Opportunities to connect with new partners 
occurs. 

# new partnerships 
formed 

NE Medium 3-5 years 

Investigate the feasibility of 
establishing an Upper-Midwest 

monitoring program and database 

SE Medium 3-5 years 
Coordinate with partners to discuss the feasibility of a regional 
monitoring program. 
 
Identify a project lead to oversee data management. 

Discussions with regional partners occurs. # meetings conducted 

NE Low 6-10 years 

Pursue joint applications for 
funding within Minnesota and 

Upper Midwest 
SE High 1-2 years 

Work with partners to identify potential sources of funding.  
 
Apply for grants, cooperatively with partners when possible.  
 

Grant proposals are submitted.  # grants applied for 
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ISSUE: Partnerships 
STRATEGY: Enhance Partnerships 

Sub-strategy Region Prioritization Target Start Date Example Targeted Implementation Activities Example Milestones 
Example Tracking 

Metrics 

NE High 1-2 years 

Pursue internal funding sources so that a consistent source of 
funds for plan implementation are available. 

Address data sensitivity  

SE High 1-2 years 
Discuss the sensitivity of Wood Turtle data with land 
managers (i.e., county land managers, DNR land managers) 
and project partners.  
 
Data are stored in a secure location.  
 
Define how data is shared without compromising the 
population  

Develop data accessibility and sharing plan  # outreach efforts 
conducted 

NE Medium 3-5 years 

 



Minnesota Wood Turtle Conservation Plan 

DRAFT Wood Turtle Conservation Plan  
 

Page | 59  

 

  

LITERATURE CITED 
Agha, M., S.J. Price, A.J. Nowakowski, B. Augustine, and B.D. Todd. 2017. Mass mortality of eastern 
box turtles with upper respiratory disease following atypical cold weather. Diseases of Aquatic 
Organisms 124:91-100. 

Akre, T.S.B. 2002. Growth, maturity, and reproduction of the Wood Turtle, Clemmys insculpta 
(LeConte 1830) in Virginia. Dissertation, George Mason University, Fairfax, Virginia, USA. 

Akre, T.S.B. and C.H. Ernst. 2006. Population dynamics, habitat use, and home range of the Wood 
Turtle, Glyptemys (=Clemmys) insculpta, in Virginia. Unpublished report submitted to the Virginia 
Department of Game and Inland Fisheries. 

Arvisais, M., J.C. Bourgeois, E. Lévesque, C. Daigle, D. Masse, and J. Jutras. 2002. Home range and 
movements of a Wood Turtle (Clemmys insculpta) population at the northern limit of its range. 
Canadian Journal of Zoology 80(3):391-398. 

Arvisais, M., E. Lévesque, J.C. Bourgeois, C. Daigle, D. Masse, and J. Jutras. 2004. Habitat selection 
by the Wood Turtle (Clemmys insculpta) at the northern limit of its range. Canadian Journal of 
Zoology 82:391-398. 

Berkeland, M. S., M. M. Cochrane, D. J. Brown, and R. Moen. 2019. Wood Turtle nest monitoring 
and mortality surveys. University of Minnesota NRRI Technical Report No. NRRI/TRC-2019-71 
Release 1.0. 

Brooks, R.J., Brown, G.P., and Galbraith D.A. 1991. Effects of a sudden increase in natural mortality 
of adults on a population of the common snapping turtle (Chelydra serpentine). Canadian Journal of 
Zoology 69(5):1314-1320. 

Brown, D. J., M. Schrage, D. Ryan, R. Moen, M. D. Nelson, and R. R. Buech. 2015. Glyptemys insculpta 
(Wood Turtle): Longevity in the wild. Herpetological Review 46(2) 243-244. 

Brown, D.J. M.D. Nelson, D.J. Rugg, R.R. Buech, and D.M. Donner. 2016. Spatial and temporal 
habitat-use patterns of Wood Turtles at the western edge of their distribution. Journal of 
Herpetology 50(3):347-356. 

Brown, D.J., M. M. Cochrane, and R. A. Moen. 2017. Survey and analysis design for Wood Turtle 
population monitoring. Journal of Wildlife Management 81(5):868-877. 

Buech, R.R, and M.D. Nelson. 1991. How to create Wood Turtle nesting areas. USDA Forest Service, 
St. Paul, MN. 

Buech, R.R. 1992. Streambank stabilization can impact Wood Turtle nesting areas. 54th Midwest Fish 
and Wildlife Conference, Abstract 190 p. 260. 6-9 December 1992, Toronto, Canada. 

Buech, R.R. 1995. The Wood Turtle: its life history, status, and relationship with forest management. 
Proceedings of the 1995 NCASI Central Lake States Regional Meeting pp 118-27. 

Buech, R.R., L.G. Hanson, and M.D. Nelson. 1997. Identification of Wood Turtle nesting areas for 
protection and management. Proceedings: Conservation, Restoration, and Management of 
Tortoises and Turtles – An International Conference pp. 383-391. 

Buech, R.R., M.D. Nelson, L.G. Hanson, and M.A. Ewert. 2004. Clemmys insculpata (Wood Turtle) 
hatchling failure. Herpetological Review 35:54. 



Minnesota Wood Turtle Conservation Plan 

DRAFT Wood Turtle Conservation Plan  
 

Page | 60  

 

  

Castellano, C.M., J.L. Behler, and G.R. Ultsch. 2008. Terrestrial movements of hatchling Wood Turtles 
(Glyptemys insculpta) in agricultural fields in New Jersey. Chelonian Conservation and Biology 
7(1):113-118. 

Catrysse, J., E. Slavik, J. Choquette, A.E. Leifso, and C.M. Davy. 2015. Mass mortality of northern map 
turtles (Graptemys geographica). Canadian Field-Naturalist 129(1):80-83. 

Chadwick M.A., D.R. Dobberfuhl, A.C. Benke, A.D. Huryn, K. Suberkropp, and J.E. Thiele. 2006. 
Urbanization affects stream ecosystem function by altering hydrology, chemistry, and biotic 
richness. Ecological Applications 16(5):1796-1807. 

Cochrane, M. M., D. J. Brown, and R. Moen. 2018. Wood Turtle capture and telemetry. University 
of Minnesota NRRI Technical Report No. NRRI/TR-2017-05 Release 1.0. 

Cochrane, M., D.J. Brown, M.D. Nelson, R.R. Buech, M. Schrage, D. Ryan, and R.A. Moen. 2018. 
Status of a Glyptemys insculpta (Wood Turtle) population in northeastern Minnesota. 
Herpetological Conservation and Biology 13(1):273-282. 

Committee on the Status of Endangered Wildlife in Canada (COSEWIC). 2007. COSEWIC assessment 
and update status report on the Wood Turtle (Glyptemys insculpta) in Canada. Accessed 01 April 
2019. 

Compton, B.W. 1999. Ecology and conservation of the Wood Turtle (Clemmys insculpta) in Maine. 
Thesis, University of Maine, Orono, USA. 

Compton, B.W., J.M. Rhymer, and M. McCollough. 2002. Habitat selection by Wood Turtles 
(Clemmys insculpta): an application of paired logistic regression. Ecology 83:833-843. 

Congdon, J.D., A.E. Dunham, and R.C. van Loben Sels. 1993. Delayed sexual maturity and 
demographics of Blanding’s Turtles (Emydoidea blandingii): implications for conservation and 
management of long-lived organisms. Conservation Biology 7(4):826-833.  

Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES). 2017. 
Appendices I, II, and III. Accessed 01 April 2019. 

Crozier, G. 2018. Upper Midwest Riverine Turtle Habitat Improvement Project final report. Final 
comprehensive report for the U.S. Fish and Wildlife Service for Competitive State Wildlife Grant MN 
F14AP00028. 

Crozier, G. and M. Hamady. 2018. Minnesota Wood Turtle final report: Upper Midwest riverine 
turtle habitat improvement project. Minnesota final report for the U.S. Fish and Wildlife Service for 
Competitive State Wildlife Grant MN F14AP00028. 

Crozier, G. 2020. Minnesota Wood Turtle final report: Upper Midwest turtle conservation. 
Minnesota final report for the U.S. Fish and Wildlife Service for Competitive State Wildlife Grant MN 
F17AP00027. 

District Department of the Environment. 2015. District of Columbia Wildlife Action Plan. District 
Department of the Environment, District of Columbia. 

Elmqvist, T., W.C. Zipperer, and B. Güneralp. 2016. Urbanization, habitat loss, biodiversity decline: 
solution pathways to break the cycle. In: K. Seta; W.D. Solecki; C.A. Griffith (Eds.), Routledge 
Handbook of Urbanization and Global Environmental Change. London and New York. 

http://publications.gc.ca/collections/collection_2008/ec/CW69-14-1-2008E.pdf
http://publications.gc.ca/collections/collection_2008/ec/CW69-14-1-2008E.pdf
https://www.cites.org/eng/app/appendices.php


Minnesota Wood Turtle Conservation Plan 

DRAFT Wood Turtle Conservation Plan  
 

Page | 61  

 

  

Environment Canada. 2016. Recovery strategy for the Wood Turtle (Glyptemys insculpta). Species 
at Risk Recovery Strategy Series. Environment Canada, Ottawa. 

Ernst, C.H. 1986. Environmental temperatures and activities in the Wood Turtle, Clemmys 
insculpata. Journal of Herpetology 20:222-229. 

Ernst, C.H. 2001. Some ecological parameters of the Wood Turtle, Clemmys insculpta, in 
southeastern Pennsylvania. Chelonian Conservation and Biology 4:94-99. 

Ernst, C.H., and J.E. Lovich. 2009. Turtles of the United States and Canada. Johns Hopkins University 
Press, Baltimore, Maryland, USA. 

Erpelding B. 1998. Wood Turtle population surveys in the Southeast B River watershed.MNDNR 
Nongame Wildlife Program Report. 

Flanagan, J.P. 2015. Chelonians (Turtles, Tortoises). In. R.E. Miller; M.E. Fowler (Eds.), Fowler’s Zoo 
and Wild Animal Medicine, Volume 8. Elsevier Saunders, St. Louis, Missouri. 

Foscarini, D.A. Demography of the Wood Turtle (Clemmys insculpta) and habitat selection in 
Maitland River valley. Thesis, University of Guelph, Ontario, Canada. 

Frelich, L.E., and P.B. Reich. 1995. Spatial patterns and succession in a Minnesota southern-boreal 
forest. Ecological Monographs 65:325-46. 

Frelich, L.E., C.M. Hale, P.B. Reich, A.R. Holdsworth, S. Scheu, L. Heneghan, and P.J. Bohlen. 2006. 
Earthworm invasion into previously earthworm-free temperate and boreal forests. Biological 
Invasions 8:1235-1245. 

Garber, S.D. and J. Burger. 1995. A 20-yr study documenting the relationship between turtle decline 
and human recreation. Ecological Applications 5(4):1151-1162. 

Gibbs, J.P. and W.G. Shriver. 2002. Estimating the effects of road mortality on turtle populations. 
Conservation Biology 16(6):1647-1652. 

Greaves, W.F. and J.D. Litzgus. 2008. Chemical, thermal, and physical properties of sites selected for 
overwintering by northern Wood Turtles (Glyptemys insculpta). Canadian Journal of Zoology 86:659-
667. 

Hamady M. and C.D. Hall. 2011. MN T-1-R-1, Wood Turtle survey. Final report to the U.S. Fish and 
Wildlife Service for State Wildlife Grant MN T-17-R-1. 

Harding, J.H. and T.J. Bloomer. 1979. The Wood Turtle, Clemmys insculpata, a natural history. 
Bulletin of the New York Herpetological Society 15:10-26. 

Harding, J.H. 1985. Clemmys insculpata. Predation-mutilation. Herpetological Review 16:30. 

Harding, J.H. 1991. A 20-year Wood Turtle study in Michigan: implications for conservation. 
Proceedings of the First International Symposium on Turtles and Tortoises: Conservation and 
Captive Husbandry pp. 31-35. 

Harding, J.H. 1997. Amphibians and reptiles of the Great Lakes region. University of Michigan Press, 
Ann Arbor, USA. 

Heinselman, M.L. 1973. Fire in the virgin forests of the Boundary Waters Canoe Area, Minnesota. 
Quaternary Research 3:329-82. 



Minnesota Wood Turtle Conservation Plan 

DRAFT Wood Turtle Conservation Plan  
 

Page | 62  

 

  

Hines, J. 1999. 1999 Wood Turtle report. MNDNR Nongame Wildlife Program Report. 

Hines, J. 2007. Wood Turtle Searches for 2007. MNDNR Nongame Wildlife Program Report. 

Holman, H.L. 2004. Habitat use by juvenile and adult Wood Turtles in an agricultural landscape in 
southeastern Minnesota. Thesis, University of Minnesota, St. Paul, Minnesota. 

Huston, K., M.M. Cochrane, Moen, R. 2018. Wood Turtle hibernacula characteristics in northeastern 
Minnesota. Natural Resources Research Institute, University of Minnesota Duluth. NRRI Technical 
Report No. NRRI/TR-2018-03. 

Jones, M.T. 2009. Spatial ecology, population structure, and conservation of the Wood Turtle, 
Glyptemys insculpta, in central New England. Dissertation, University of Massachusetts, Amherst, 
USA. 

Jones, M.T. and P.R. Sievert. 2009. Effects of stochastic flood disturbance on adult Wood Turtles, 
Glyptemys insculpata, in Massachusetts. Canadian Field-Naturalist 123(4):313-322. 

Jones, M.T., L.L. Willey, T.S.B. Akre, and P.R. Sievert. 2015. Status and conservation of the Wood 
Turtle in the northeastern United States. Report submitted to the Northeast Association of Fish and 
Wildlife Agencies for Regional Conservation Needs Grant 2011-02. 

Jones, M.T., H.P. Roberts, and L.L. Willey. 2018. Conservation Plan for the Wood Turtle in the 
Northeastern United States. Report to the Massachusetts Division of Fisheries & Wildlife and the 
U.S. Fish & Wildlife Service. 259 pp.  

Kam, Y. 1994. Effects of simulated flooding on metabolism and water balance of turtle eggs and 
embryos. Journal of Herpetology 28(2):173-178. 

Kaufmann, J.H. 1986. Stomping for earthworms by Wood Turtles, Clemmys insculpta: a newly 
discovered foraging technique. Copeia 4:1001-1004. 

Kaufmann, J.H. 1992. Habitat use by Wood Turtles in central Pennsylvania. Journal of Herpetology 
26:315-321. 

Lapin, C., T. Bougie, and J. Woodford. 2016. Upper Midwest riverine turtle habitat improvement. 
Final project report for the Competitive State Wildlife Grant Program. Wisconsin Department of 
Natural Resources. 

Lapin, C. N., J. Tamplin, M. M. Cochrane, J. E. Woodford, D. J. Brown, and R. A. Moen. 2019. A 
regional analysis of Glyptemys insculpta (Wood Turtle) survival at the western edge of their range. 
Herpetological Conservation and Biology 14:668-679. 

Larson, K., and D. Anderson. 2016. Assessing the potential impacts of climate change on Minnesota 
Dwarf Trout Lily and Wood Turtle populations in the Southeast B River watershed of southeastern 
Minnesota. Division of Ecological and Water Resources, Minnesota Department of Natural 
Resources. 

LeClere, J. 2013. A Field Guide to the Amphibians and Reptiles of Iowa. ECO Wea & Publishing, 
Rodeo, New Mexico, USA. 

Lenhart, C., J.R. Naber, and J.L. Nieber. 2013. Impacts of hydrologic change on sandbar nesting 
availability for riverine turtles in eastern Minnesota, USA. Water 5:1243-1261. 



Minnesota Wood Turtle Conservation Plan 

DRAFT Wood Turtle Conservation Plan  
 

Page | 63  

 

  

Levell, J.P. 2000. Commercial exploitation of the Blanding’s turtle, Emydoidea blandingii, and the 
Wood Turtle, Clemmys insculpta, for the live animal trade. Chelonian Conservation and Biology 
3:665-674. 

Ming-Cheng Adams, C.I., J.E. Baker, and B.V. Kjellerup. 2016. Toxicological effects of polychlorinated 
biphenyls (PCBs) on freshwater turtles in the United States. Chemosphere 154:148-154. 

MNDNR 2016. Minnesota’s Wildlife Action Plan 2015-2025. Division of Ecological and Water 
Resources, Minnesota Department of Natural Resources. 72pp. 

MNDNR 2018. Rare Species Guide [webpage], Minnesota Department of Natural Resources, Saint 
Paul, MN. https://www.dnr.state.mn.us/rsg/index.html 

Minnesota Environmental Quality Board (MEQB). 1979. Regional Copper-Nickel Study. Minnesota 
State Planning Agency. 

Mitchell, J.C., and M.W. Klemens. 2000. Primary and secondary effects of habitat alteration. In. 
M.W. Klemens (Ed.), Turtle Conservation. Smithsonian Institution Press, Washington, DC 

Moen, R., M. M. Cochrane, and D. J. Brown. 2017. Wood Turtle population modeling. Final report 
prepared by the Natural Resources Research Institute for the Minnesota Department of Natural 
Resources. NRRI Technical Report  No. NRRI/TR-2017-08.  

Moriarty, J.J., and C.D. Hall. 2014. Amphibians and Reptiles in Minnesota. University of Minnesota 
Press, Minneapolis, Minnesota, USA. 

Mullin, D.I. 2019. Evaluating the effectiveness of headstarting for Wood Turtle (Glyptemys insculpta) 
population recovery. Thesis, Laurentian University, Ontario, Canada.  

Mullins, M. 2000. Final Report on MNDNR Special Permit No. 9263 and 1st Addendum to MNDNR 
Special Permit No. 9263. 

Naber, J.R. 2001 Carlton County Wood Turtle study – Northeast K River Basin. Final report prepared 
by Emmons and Olivier Resources Inc. for the Minnesota Department of Natural Resources. 

Naber, J.R. and M.J. Majeski. 2009. Wood Turtle surveys. Final report prepared by Emmons and 
Olivier Resources Inc. for the Minnesota Department of Natural Resources. 

Naber, J.R. and M.J. Majeski. 2010. Wood Turtle surveys. Final report prepared by Emmons and 
Olivier Resources Inc. for the Minnesota Department of Natural Resources. 

Naber, J.R. and M.J. Majeski. 2015. Northeast L River Wood Turtle nest site assessment and 
population survey. Final report prepared by Emmons and Olivier Resources Inc. for the Minnesota 
Department of Natural Resources. 

Naber, J.R. and J. Ulrich. 2016. Riverine turtle flood inundation study. Final report prepared by 
Emmons and Olivier Resources Inc. for the Minnesota Department of Natural Resources. 

Naber, J.R. and M.J. Majeski. 2017. RE: 2017 Southeast B River Wood Turtle Survey. Purchase Order 
ID Number: 3000110562. Prepared by Emmons and Olivier Resources Inc. 

NatureServe. 2019. NatureServe Explorer: An online encyclopedia of life. Web application. Version 
7.1. Accessed 01 April 2019. 

Pappas, M.J, J.D. Congdon, B.J. Brecke. 2017. Orientation in five species of hatchling river turtles 

https://www.dnr.state.mn.us/rsg/index.html
https://www.leg.state.mn.us/docs/pre2003/other/792632.pdf
http://explorer.natureserve.org/index.htm


Minnesota Wood Turtle Conservation Plan 

DRAFT Wood Turtle Conservation Plan  
 

Page | 64  

 

  

dispersing from experimental nests. Chelonian Conservation and Biology 16(1):3-11. 

Paterson, J.E., B.D. Steinberg, and J.D. Litzgus. 2012. Revealing a cryptic life-history stage: 
differences in habitat selection and survivorship between two turtle species at risk (Glyptemys 
insculpta and Emydoidea blandingii). Wildlife Research 39:408-418. 

Powell, R., R. Conant, and J. T. Collins. 2016. A field guide to reptiles and amphibians: eastern and 
central North America. Fourth edition. Houghton Mifflin Company, New York, New York, USA. 

Prange, S. and S.D. Gehrt. 2004. Changes in mesopredator-community structure in response to 
urbanization. Canadian Journal of Zoology 82(11):1804-1817. 

Remsberg, A.J., T.L. Lewis, P.W. Huber, and K.A. Asmus. 2006. Home ranges of Wood Turtles 
(Glyptemys insculpata) in northern Michigan. Chelonian Conservation and Biology 5(1): 42-47. 

Saumure, R.A., and J.R. Bider. 1998. Impact of agricultural development on a population of Wood 
Turtles (Clemmys insculpta) in southern Québec, Canada. Chelonian Conservation and Biology 3:37-
45. 

Saumure, R.A., T.B. Herman, and R.D. Titman. 2007. Effects of haying and agricultural practices on a 
declining species: the North American Wood Turtle, Glyptemys insculpta. Biological Conservation 
135:581-591. 

Schneider, A.C., T.W. Arnold, P.W. Huber, and T.L. Lewis. 2018. An 18-year mark-recapture study of 
Wood Turtles (Glyptemys insculpata) in Michigan. Journal of Herpetology 52(2):193-200. 

Shelby-Walker, J.A., C.K. Ward, and M.T. Mendonca. 2009. Reproductive parameters in female 
yellow-blotched map turtles (Graptemys flavimaculata) from a historically contaminated site vs. a 
reference site. Comparative Biochemistry and Physiology – Part A, Molecular and Integrative 
Physiology 154(3):401-408. 

Shepard, D.B., A.R. Kuhns, M.J. Dreslik, and C.A. Phillips. 2008. Roads as barriers to animal 
movement in fragmented landscapes. Animal Conservation 11(4):288-296. 

Shuster, W.D., J. Bonta, H. Thurston, E. Warnemuende, and D.R. Smith. 2005. Impacts of impervious 
surface on watershed hydrology: a review. Urban Water Journal 2(4):263-275. 

Spradling, T.A. J.W. Tamplin, S.S. Dow, and K.J. Meyer. 2010. Conservation genetics of a peripherally 
isolated population of the Wood Turtle (Glyptemys insculpata) in Iowa. Conservation Genetics 
11:1667-1677. 

Steen, D.A., M.J. Aresco, S.G. Beilke, B.W. Compton, E.P. Condon, C. Kenneth Dodd Jr., H. Forrester, 
J.W. Gibbons, J.L. Greene, G. Johnson, T.A. Langen, M.J. Oldham, D.N. Oxier, R.A. Saumure, F.W. 
Schueler, J.M. Sleeman, L.L. Smith, J.K. Tucker, and J.P. Gibbs. 2006. Relative vulnerability of female 
turtles to road mortality. Animal Conservation 9:269-273. 

Strickland, J.T. and F.J. Janzen. 2010. Impacts of anthropogenic structures on predation of painted 
turtle (Chrysemys picta) nests. Chelonian Conservation and Biology 9(1):131-135. 

Tamplin, J.W. 2016. Upper Midwest turtle habitat improvement. Final report to the U.S. Fish and 
Wildlife Service for Iowa State Wildlife Grant. 

Tamplin, J.W. 2019. Upper Midwest turtle conservation. Final report to the U.S. Fish and Wildlife 
Service for Iowa State Wildlife Grant. 



Minnesota Wood Turtle Conservation Plan 

DRAFT Wood Turtle Conservation Plan  
 

Page | 65  

 

  

Tingley, R. and T.B. Herman. 2008. The effects of agriculture and forestry on the distribution, 
movements and survival of Wood Turtles in an intensively managed landscape. Report prepared for 
the Nova Scotia Habitat Conservation Fund. 

Tucker, J.K, N.I. Filoramo, and F.J. Janzen. 1999. Size-based mortality due to predation in a nesting 
freshwater turtle, Trachemys scripta. The American Midland Naturalist 141(1):198-203. 

Tuttle, S.E., and D.M. Carroll. 2003. Home range and seasonal movements of the Wood Turtle 
(Glyptemys insculpata) in southern New Hampshire. Chelonian Conservation and Biology 4:656-663. 

Tuttle, S.E. and D.M. Carroll. 2005. Movements and behavior of hatchling Wood Turtles (Glyptemys 
insculpta). Northeastern Naturalist 12(3):331-348. 

Ultsch, G. 2006. The ecology of overwintering among turtles: where turtles overwinter and its 
consequences. Biological Reviews 81(3):339-367. 

van Dijk, P.P. and J. Harding. 2011. Glyptemys insculpta (errata version published in 2016). The IUCN 
Red List of Threatened Species: e.T4965A97416259. 

Vogt, R.C. 1981. Turtle egg (Graptemys: Emydidae) infestation by fly larvae. Copeia 1981:457-459. 

Walde, A.D. , J.R. Bider, C. Daigle, D. Masse, J.C. Bourgeois, J. Jutras, and R.D. Titman. 2003. 
Ecological aspects of a Wood Turtle (Glyptemys insculpta) population at the northern limits of its 
range in Québec. Canadian Field Naturalist 117:377-388. 

Walde, A.D. , J.R. Bider, D. Masse, R.A. Saumure, and R.D. Titman. 2007. Nesting ecology and 
hatching success of the Wood Turtle, Glyptemys insculpata, in Québec. Herpetological Conservation 
and Biology 2(1):49-60. 

Washington Department of Fish and Wildlife (WDFW). 2016. Western Pond Turtle Shell Disease in 
Washington. Accessed 27 June 2019. 

Wesley, P.A. 2006. Local and regional habitat selection by Wood Turtles (Glyptemys insculpata) in 
Ontario. Thesis, University of Guelph, Ontario, Canada. 

Williams, C.E. 2009. Occurrence of Glyptemys insculpata Le Conte in a stream impaired by 
abandoned mine drainage, Pennsylvania, USA. Herpetology Notes 2:133-136. 

Willoughby, J.R., M. Sundaram, T. L. Lewis, and B.J. Swanson. 2013. Population decline in a long-
lived species: the Wood Turtle in Michigan. Herpetolgica 69(2):186-198. 

Wisconsin Department of Natural Resources (WDNR). 2015. Wisconsin Wood Turtle species 
guidance. Bureau of Natural Heritage Conservation, PUB-ER-684. Wisconsin Department of Natural 
Resources. 

Wisconsin Department of Natural Resources (WDNR). 2016. Wisconsin Wood Turtle (Glyptemys 
insculpta) status assessment and conservation strategy. PUB NH-935 2016. Wisconsin Department 
of Natural Resources. 

Woodburn, D.B., A.N. Miller, M.C. Allender, C.W. Maddox, K.A. Terio. 2019 Emydomyces 
testavorans, a new genus and species of onygenalean fungus isolated from shell lesions of 
freshwater aquatic turtles. Journal of Clinical Microbiology 57 (2) e00628-18. 
https:/doi.org/10.1128/JCM.00628-18. 

http://dx.doi.org/10.2305/IUCN.UK.2011-1.RLTS.T4965A11102820.en.%20Accessed%2001%20April%202019
https://wdfw.wa.gov/sites/default/files/2019-03/western_pond_turtle_shell_disease_2pager_9august2016.pdf
https://wdfw.wa.gov/sites/default/files/2019-03/western_pond_turtle_shell_disease_2pager_9august2016.pdf


 

The detection and quantification of aquatic reptilian environmental DNA 

 

by 

 

 

Clare Isabel Ming-ch’eng Adams 

 

A thesis submitted to the graduate faculty 

in partial fulfillment of the requirements for the degree of 

MASTER OF SCIENCE 

 

 

 

Major: Ecology and Evolutionary Biology 

 

Program of Study Committee: 

Fredric Janzen, Major Professor 

Julie Blanchong 

John Nason 

Kevin Roe 

Michelle Soupir 

 

 

 

Iowa State University 

Ames, Iowa 

2017 

 

 

Copyright © Clare Isabel Ming-ch’eng Adams, 2017. All rights reserved. 

 
 
 
 

 
 
 

P
R
E
V
IE

W



ProQuest Number:

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that  the author did not send a complete manuscript
and  there  are missing pages, these will be noted. Also, if material had  to be removed,

a note will indicate the deletion.

ProQuest

Published  by ProQuest LLC (  ). Copyright of the Dissertation is held  by the Author.

All rights reserved.
This work is protected against unauthorized copying under  Title 17, United  States Code

Microform Edition © ProQuest LLC.

ProQuest LLC.
789 East Eisenhower Parkway

P.O. Box 1346
Ann Arbor,  MI 48106 - 1346

10604357

10604357

2017

 
 
 
 

 
 
 

P
R
E
V
IE

W



ii 

 

TABLE OF CONTENTS 

 

              Page 

ACKNOWLEDGMENTS ......................................................................................... iv 

ABSTRACT ............................................................................................................... vi 

CHAPTER 1.  INTRODUCTION .......................................................................... 1 

CHAPTER 2.  COMPARISON OF PAINTED TURTLE (CHRYSEMYS PICTA) 

ENVIRONMENTAL DNA EXTRACTION TECHNIQUES IN A LENTIC POND 

SYSTEM .........................................................................................................  17 

 Introduction .........................................................................................................     18 

 Materials and Methods ......................................................................................... 21 

 Results          .........................................................................................................     25 

 Discussion .........................................................................................................     27 

 

CHAPTER 3. ESTIMATING AQUATIC REPTILE DENSITY UNDER FIELD 

CONDITIONS USING ENVIRONMENTAL DNA................................................. 49 

 Introduction .........................................................................................................     50 

 Materials and Methods ......................................................................................... 52 

 Results      .........................................................................................................     57 

 Discussion .........................................................................................................     60 

 

CHAPTER 4.  SUMMARY AND CONCLUSIONS ............................................. 88 

  

 

 
 
 
 

 
 
 

P
R
E
V
IE

W



iii 

 

ACKNOWLEDGMENTS 

I would like to thank my major professor, Fredric Janzen, and my committee 

members, Julie Blanchong, John Nason, Kevin Roe, and Michelle Soupir for their guidance 

and support throughout the course of this research. Fred, I thank you for giving me the 

chance and support to become a scientist. I hope to one day view science as you do and 

develop the skills to see the “big picture” in turtle research, ecology, evolutionary biology, 

and life. Secondly, I want to thank Julie for being my Preparing Future Faculty mentor and 

taking the time to sit down and painstakingly work on writing with me. Without your 

generosity I wouldn’t be where I am now. Lastly, I want to thank Dr. Reg for being my 

diversity mentor. I arrived here not knowing how to navigate this space and you are the 

reason I am still here and able to complete my degree. I will miss our chats and your one-

liners that helped me get through the day, week, and years.  

In addition, I would also like to thank the Janzen Lab. Luke, you are way too kind to 

me and overly generous with your time. These projects would not be where they are currently 

without your input, guidance, and help. Rebecca, thank you for looking out for me in the lab. 

I appreciate that you took me under your wing and helped me navigate the Janzone. Morgan, 

you are the best undergrad I have ever had. I cannot wait to see how you grow. I would be 

nowhere without my friends, especially Andrew and Jermaine. Andrew, thanks for putting up 

with me for a whole entire year and being an ever-supportive friend. I miss our late-night 

chats about life overlooking the “skyline” of Ames. Jermaine, words cannot describe how 

much you mean to me. Thanks for always having my back, yo. You are my emotional 

lighthouse in the dark. Tori, Monica, Amy G, Hilary – It has been fantastic getting to know 

 
 
 
 

 
 
 

P
R
E
V
IE

W



iv 

 

you and I wish you the best. I wish our time together had been longer, but on to the next great 

adventure. 

 

 Thank you Jack Gallup, the department faculty, and staff for making time and space 

for me at Iowa State University. Jack, I wish we had met sooner. Additionally, I want to 

thank my mom and dad for supporting me all the way, especially when times have been 

tough. Your ability to adapt to my needs is amazing and I am super thankful I got you as my 

parents. Zach, Kiran, Bradley, thank you for being my oasis whenever I went back to the East 

Coast. I miss you so much. I also want to offer my appreciation to turtles, without whom, this 

thesis would not have been possible. Too often we forget that how we treat nature, in your 

case – turtles, is a reflection upon humanity itself. Turtles are the best! 

 

 
 
 
 

 
 
 

P
R
E
V
IE

W



v 

 

ABSTRACT 

 

 Monitoring individuals of a population is aided by sampling techniques for 

determining organism presence. However, invasive sampling methods may harm target and 

non-target individuals, not capture a fully representative population demographic, or may be 

difficult to use due to secretive and seasonally active species. Recent developments in non-

invasive technology propose environmental DNA (eDNA) as a solution to mitigate some of 

these challenges. Environmental DNA is DNA captured from target organisms that is 

extracted from environmental samples such as water, soil, or air. Although this technique has 

been widely explored for fish and amphibian species, it is used less often for aquatic reptiles. 

This thesis attempts to create an eDNA methodology for an imperiled reptilian taxa, turtles, 

for future monitoring use. We set up four experimental ponds with varying numbers of turtles 

(0, 11, 23, 38) and sampled once every three days throughout the spring field season to 

determine effects of painted turtle (Chrysemys picta) density and time on eDNA technique 

utility. The first chapter compares two common eDNA methodologies, filtration and sodium 

acetate precipitation in a Midwestern lentic semi-natural environment. The second chapter 

uses the more efficient filtration to quantify eDNA based upon turtle abundance in the same 

environment. 

We conclude that eDNA may not currently be an effective monitoring method for 

aquatic turtles. Overall, filtration was a more effective approach to capturing turtle eDNA 

than sodium acetate precipitation but visual surveys of turtles in our experimental setup led to 

an even higher rate of detection.  Despite developing a sensitive qPCR protocol, we were 

unable to amplify turtle eDNA sufficiently to distinguish it from the negative control. We 
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nonetheless identified a rank-order trend positively correlated with turtle density despite not 

obtaining large amounts of species-specific turtle eDNA. Furthermore, we found that total 

eDNA concentration did not follow a linear pattern throughout the field season. While we 

cannot recommend eDNA for aquatic turtles at this time, we believe this method could be 

refined with further technological advances such as better inhibition removers.
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CHAPTER 1  

INTRODUCTION 

Population ecology addresses the dynamics of how a group of individuals in the same 

species interacts with other biotic and environmental factors (Wells and Richmond, 1995). Part 

of population ecology attempts to describe how groups of individuals in a certain species vary 

demographically – such as in abundance or density (Hutchinson, 1991; Turchin, 1999). The 

factors that shape population numbers may be environmental or density dependent (MacArthur, 

1958). For example, extreme environmental events such as a heat wave may cause population 

decline, whereas rate of growth depends on previous population abundance (Kendall, 1949; 

Garrabou et al., 2009). The need to predict changes drives the importance in studying these 

factors; too much growth or decline in numbers of individuals within a population can disrupt an 

ecosystem or forewarn extinction (Brown et al., 1995; Brooks et al., 2002). Yet, to make the 

most accurate predictions, ecologists must have some knowledge of a species’ presence and 

abundance.  

 

One factor in population growth and decline is population abundance itself. Besides 

density-independent environmental events, populations depend upon reproductively mature 

adults to prosper (Frankham, 1995). Temporary decline in population abundance can result in 

demographic changes causing Allee effects or population fragmentation (Courchamp et al., 

1999; Marchand and Litvaitis, 2004; Epps et al., 2005). Differing densities may also lead to the 

inability to find a mate (Stephens and Sutherland, 1999). Difficulty in finding mates can increase 

inbreeding whereas genetic drift may additionally reduce allelic diversity (Maruyama and 

Fuerstt, 1985; Allendorf, 1986; Charlesworth and Charlesworth, 1987). Both inbreeding and drift 
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may result in less adaptive evolutionary potential overall for the population through fixation of 

deleterious alleles, reducing population fitness (Charlesworth and Charlesworth, 1987; Caughley, 

1994). Conversely, sufficiently large populations with plentiful migration or resources can buffer 

against these effects, increasing population density and abundance (Kimmel et al., 1998; Sakai et 

al., 2001).  

 

A growing population’s high abundance may have ecological consequences as well. For 

example, besides invasive species’ cost to the human economy, they fundamentally change local 

community biodiversity because their presence, by definition, has impactful biological 

consequences (Mack et al., 2000; Pimentel et al., 2005; Vilà et al., 2011). Invasive organisms 

often start as a small population or a few individuals, thus it is imperative to know current 

abundance to predict future population growth (Mack et al., 2000). A need for sensitive 

abundance detection is therefore necessary for proper management.  

 

For ecologists determining presence and abundance, methodology must be chosen very 

carefully. In natural environments, rarely do ecologists have the privilege to obtain a truly 

random sample of the entire population, especially if using sampling equipment or if the species 

is rare (Vaughan and Ormerod, 2003; Börger et al., 2006). Furthermore, some species have 

secretive life histories that help them elude capture. For example, hellbenders (Cryptobranchus 

alleganiensis) may hide under large river rocks that can make hand capture difficult (Krysko and 

Nickerson, 2003). In addition to secretive life histories, specific methodologies themselves may 

have limitations. For instance, baited hoop traps may yield few juvenile painted turtles 

(Chrysemys picta) whereas basking traps favor adult females (Ream and Ream, 1966). Although 
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we may not currently be able to obtain a truly random sample of some populations due to these 

restrictions, new detection technology inches towards this goal.  

 

To obtain a multi-faceted view of a population, biologists have traditionally used 

demographic and genetic tools. For example, program MARK estimates population abundance 

with capture-recapture sampling data (White and Burnham, 1999). Capture methods used to 

obtain such information for aquatic vertebrates, such as fyke nets, gill nets, transects, hoop nets, 

and minnow traps, yield population demographics and natural history characteristics such as sex 

ratio, age class structures, and survival rates (Ryan et al., 2002; Willson and Dorcas, 2004; 

Hardie et al., 2006). Built over time, repeated surveys increase the ability to predict 

metapopulation dynamics using site occupancy modeling (Mackenzie et al., 2003).  

 

Unfortunately, traditional sampling techniques may also harm individuals, even if used 

properly (Jerde et al., 2011; Evans et al., 2017). Electrofishing may unintentionally harm smaller 

non-target fish species or even sensitive target species themselves (Snyder 2003). Nets not set up 

high enough to allow for airflow during a flooded stream may drown air-breathing individuals. 

Lethal or invasive sampling (such as drawing blood) may induce stress in an animal (Snyder, 

2003; Evans et al., 2017). Furthermore, elusive species may be difficult to sample depending on 

their natural history. Taken together, the need for more effective, non-invasive sampling tools is 

clear.  

 

Assessing genetic material increases our understanding of allelic diversity that may work 

synergistically with demographic data to predict population dynamics. Many programs and 
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statistical methods (BAPS, K-means clustering, MEGA) have been developed for analyzing such 

data and identifying patterns of genetic structure (Corander et al., 2004; Tamura et al., 2007). 

Thus, once changes in allelic diversity, inbreeding, deleterious mutations, and genetic drift are 

assessed, managers and conservationists can use non-invasive environmental DNA (eDNA) tools 

to predict population dynamics. 

 

Environmental DNA (eDNA) encompasses genetics techniques developed and used by 

microbiologists, recently emerging as a population monitoring method for macroecology (Ogram 

et al., 1987; Steffan and Atlas, 1991). This novel tool promises to minimize the need for contact 

with individuals of interest (Lodge et al., 2012). It also offers the ability to survey over a wide 

area. Furthermore, all life stages present in a sample can be detected as a species’ DNA does not 

change from larval to adult stage (Ardura et al., 2015; Zaiko et al., 2015). Though eDNA is still 

in its infancy, a few lines of research have emerged from its rapid growth (Wilcox et al., 2013; 

Klymus et al., 2015; Goldberg et al., 2016; Valentini et al., 2016). To further refine this 

technique, some studies focus on the physicality of eDNA and how the physical properties of 

eDNA interact in water (Barnes et al., 2014). This work includes assessing accumulation and 

degradation rates, output of eDNA by different life stages of the same species, and how water 

chemistry interacts with fragmented DNA in the water column (Maruyama et al., 2014; Strickler 

et al., 2015; Barnes and Turner, 2016). Though eDNA faces methodological challenges yet to be 

fully resolved, once refined, it has great potential to complement traditional sampling techniques 

and provide useful insight into population dynamics, particularly aquatic species that are difficult 

to detect using more traditional techniques. 
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The current body of eDNA literature has focused mainly on aquatic organisms and can be 

divided into multiple-species and single-species assay designs. Multi-species approaches usually 

address one or several taxa and focus on eDNA barcoding – utilizing universal primers and 

sequencing amplicons to determine species or genus presence (Kelly et al., 2014; Zaiko et al., 

2015; Valentini et al., 2016). Single-species assay designs focus more on invasive or imperiled 

taxa due to eDNA’s sensitivity and the need to monitor these species (Dejean et al., 2012; 

Goldberg et al., 2013). Because of the potential aforementioned sampling and monitoring 

benefits, eDNA techniques recently have been widely explored in aquatic taxa such as fish and 

amphibians. Despite the recent boom in eDNA studies, one imperiled taxon has been 

inadequately addressed– freshwater turtles.  

 

Freshwater turtles (Testudines) are an easily recognized group of shelled reptiles. 

Unfortunately, over 60% of turtle species have declined substantially or gone extinct primarily 

because of habitat loss, poaching, the pet trade, and disease (Gibbons et al., 2000; Böhm et al., 

2013; van Dijk et al., 2014). Due to the high incidence of imperilment, easily discerning 

population presence and abundance may aid management and conservation efforts for a wide 

variety of species (Beaudry et al., 2008; Markle and Chow-Fraser, 2014; van Dijk et al., 2014). 

Furthermore, some species are challenging to study due to their secretive natural histories, 

intricate habitats to sample, or complex seasonal activity patterns (Ream and Ream, 1966; 

Christiansen et al., 1985). Thus, turtles are a clade that could benefit from the development of 

eDNA techniques. 
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The research presented in this thesis addresses ways to identify and quantify painted 

turtle (Chrysemys picta) eDNA as a model for endangered freshwater turtles. This wide-ranging 

North American species overlaps in habitat and distribution with other, more imperiled species 

such as Blanding’s turtles (Emys blandingii) or spotted turtles (Clemmys guttata) (Ernst and 

Lovich, 2009). Furthermore, its mitochondrial genome has been sequenced to allow for the 

design of primers (Jiang et al., 2016). If eDNA turtle techniques are both successful and 

sensitive, then the nuclear genome could be explored as well for population genetic eDNA 

(Shaffer et al., 2013). Because this species is common and can survive in high densities, it is 

ideal for facilitating eDNA research. Historically, C. picta has been observed in densities from 

7.2 kg/ha to 106kg/ha (Iverson, 1982; Congdon et al., 1986). Thus, the research presented here 

attempts to create an eDNA system via two major undertakings: creating an eDNA assay to 

detect turtle presence and then extending the eDNA assay for an abundance-biomass model in 

freshwater turtles. 

 

Thesis Organization - Abstracts 

 

Chapter 1: Comparison of painted turtle (Chrysemys picta) environmental DNA extraction 

techniques in a lentic pond system. 

Ecological studies rely on species detection, thus it is imperative to identify efficient and 

effective ways to monitor individuals, especially for conservation. Environmental DNA (eDNA) 

provides scientists with non-invasive techniques for observing target populations especially 

when traditional approaches are challenging or inefficient. We tested two eDNA methods, glass 

microfiber (GMF) and sodium acetate (SA), for extraction efficiency of total eDNA and painted 
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turtle (Chrysemys picta) specific eDNA in a lentic pond system. We seeded isolated, semi-

natural ponds with adult turtles and regularly collected water samples from the ponds from 1 

April through 30 June 2015. We detected no difference between the two methods in total eDNA 

extracted (t = -0.94, p = 0.35), although GMF was more likely than SA to detect species-specific 

eDNA (χ2 = 12.023, p < 0.001). Our results indicate GMF filtration may be better for C. picta 

detection. Even so, further methodological development is needed before eDNA can be used for 

population management of aquatic reptiles. 

 

Chapter 2: Estimating aquatic reptile density under field conditions using environmental 

DNA. 

Abundance monitoring is imperative to understand population fluctuations. One 

emerging ecological tool for monitoring species abundance is environmental DNA (eDNA), the 

technique of obtaining target organism DNA from environmental samples such as water, soil, or 

air. We attempt to determine if eDNA can be used for monitoring aquatic reptile abundance in a 

semi-natural lentic pond environment. Using four outdoor, experimental ponds with varying 

painted turtle (Chrysemys picta) densities, we quantified both total eDNA and turtle-specific 

eDNA for comparison across ponds between 1 April and 30 June 2016. We found no linear 

effect of date, but detected a non-linear trend, on total eDNA and noted a difference in total 

eDNA between ponds. We were mostly unable to amplify sufficient turtle-specific eDNA from 

the water samples, however. Thus, we cannot presently conclude that eDNA is an effective 

monitoring method for all aquatic reptiles in the wild. 
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CHAPTER 2 

 

COMPARISON OF PAINTED TURTLE (CHRYSEMYS PICTA) ENVIRONMENTAL 

DNA EXTRACTION TECHNIQUES IN A LENTIC POND SYSTEM 

 

This is a manuscript currently under review with the peer-reviewed journal Conservation 

Genetics Resources 

 

Abstract 

Ecological field studies rely on species detection, thus it is imperative for sampling techniques to 

identify organism presence. Environmental DNA (eDNA) provides scientists with non-invasive 

techniques for observing target populations especially when traditional approaches are 

challenging or inefficient. We tested two eDNA methods for extraction efficiency of total eDNA 

and painted turtle (Chrysemys picta) specific eDNA in a lentic pond system: glass microfiber 

(GMF) and sodium acetate (SA). We seeded isolated, semi-natural ponds with adult turtles and 

regularly collected water samples from 1 April through 30 June 2015. We detected no difference 

between methods in total eDNA extracted (t=-0.94, p=0.35), although GMF was more likely than 

SA to collect painted turtle eDNA (χ2=12.023, p<0.001). Our results indicate GMF filtration may 

be better for collecting aquatic turtle eDNA. Even so, we cannot recommend either method due 

to an overall low detection rate (19-42%) of turtle presence. Despite detection, eDNA may not be 

the best approach for monitoring the presence of freshwater turtles.   
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