SPECIES ABSTRACT – Wood turtle
BEST REFERENCES FOR DETAILED SPECIES INFO
Jones and Willey (2021).
NOMENCLATURE & TAXONOMY

Scientific name (with authority): Glyptemys insculpta (LeConte)
Synonymy: Clemmys insculpta (LeConte)
Family: Emydidae
Common name(s): Wood turtle
Taxonomic history
Described in 1830 by LeConte (NatureServe 2023). No subspecies have been described (Harding and Bloomer 1979, Ernst et al. 1994).
STATUS & DISTRIBUTION 

All information on status and rankings is from NatureServe (2023).

General Status
ABI Global rank: G3
US national status: N3
Canada national status: N3
	RANKED AS S1, S2 or LISTED as T or E by State/Province
	RANKED AS S3-S5 OR S?
	RANKED as SR or SRF
	RANKED as SH or SX

	Iowa (S1),  Maryland (S2S3), Michigan (S2), Minnesota (S2), New Jersey (S2), Rhode Island (S2), Virginia (S2), New Brunswick (S2S3), Nova Scotia (S2), Ontario (S2), Quebec (S3)
	Connecticut (S3), Maine (S4), Massachusetts (S3), New Hampshire (S3), New York (S3), Pennsylvania (S3S4), Vermont (S3), West Virginia (S3), Wisconsin (S3)  
	
	District of Columbia (SH)


Northern New England Status (New Hampshire, Maine, Vermont):
	State 
	State rank
	# of state occurrences
	WMNF occurrences

	
	
	Total
	Historic
	Total
	Historic

	New Hampshire
	S3/SC
	 88
	13
	5
	2?

	Maine
	S4/SC
	110
	13
	?
	?

	Vermont
	S3/SC
	80
	10
	N/A
	N/A


Occurrences refer to the # of towns that the wood turtle has been recorded in.  Maine data are from Hunter et al. (1999) and the Maine Department of Inland Fisheries and Wildlife (MDIFW 2002).  Although the database did not specify when an occurrence became historic, several records for 1980 were listed as historic.  Therefore, any record in or prior to 1980 was considered as historic.  Vermont data are from the Herp. Atlas project at Middlebury College (Vermont Reptile and Amphibian Database 2002); a Vermont town record is considered historic if recorded prior to 1976.  New Hampshire data are from Kanter et al. (2001) and the Reptile and Amphibian reporting project (RAARP) of the New Hampshire Nongame and Endangered Species program; historical records are from Oliver and Bailey (1939).  Several towns reported for New Hampshire and Vermont are near the WMNF and GMNF borders, but it is unknown whether those wood turtles were within the Forests.  At least 4 occurrences were within the WMNF border and at least 2 occurrences were within the GMNF border (see town occurrence section of report).  

Occurrence info in NH was updated from NHFGD (2015).

Legal status

	
	Federal Endangered
	
	ME State Endangered

	
	Federal Threatened
	
	ME State Threatened

	X
	USFS, WMNF Sensitive 
	X
	ME State Special Concern

	X
	USFS, GMNF Sensitive
	
	ME Possibly Extirpated

	
	NH State Endangered
	
	VT State Endangered

	
	NH State Threatened
	
	VT State Threatened

	X
	NH State Special Concern
	X
	VT State Special Concern

	
	None of the above
	
	


International Union for the Conservation of Nature (IUCN): Endangered
Convention on International Trade in Endangered Species Protection Status (CITES): Appendix II

Distribution 
Northeastern United States, including all of the New England states, New York, and south through Pennsylvania, New Jersey, Maryland, and northern Virginia and West Virginia; Great Lakes region including Michigan, Wisconsin, eastern Minnesota, and northern Iowa; Southeastern Canada, including New Brunswick, Nova Scotia, and southern Quebec and Ontario (Klemens1993, Ernst et al. 1994).  Historically, this species occurred as far south as Tennessee and Georgia, until climatic warming made southern latitudes unsuitable (summarized in Bowen and Gillingham 2004).

Current distribution in northern New England relative to species global range

	
	Endemic to New Hampshire
	
	Disjunct in Vermont

	
	Endemic to Maine
	
	Disjunct in northern New England

	
	Endemic to Vermont
	X
	Center of range in northern New England 

	
	Endemic to northern New England
	
	Edge of range in northern New England

	
	Disjunct in New Hampshire
	
	Long distance migratory 

	
	Disjunct in Maine
	
	Extirpated in northern New England


Current distribution in northern New England by county and town
1979 – 2023 Records for the following towns 

Source of info: RAARP: Reptile and Amphibian Reporting Project database; NHNHP: NH Natural Heritage database in Kanter et al. (2001); NHFGD (2015); unpublished USFS data:

Amherst (RAARP), Andover (RAARP), Antrim (RAARP), Ashland (RAARP, NHNHP), Barnstead (RAARP), Barrington (RAARP), Belmont (RAARP), Benton (USFWS), Boscawen (RAARP), Bow (RAARP, NHNHP), Bradford (RAARP, NHNHP), Brentwood (RAARP), Campton (USFS), Canterbury (RAARP), Claremont (NHNHP), Concord (RAARP), Cornish (RAARP), Deering (RAARP), Derry (RAARP), Easton (USFS), Enfield (RAARP, NHNHP), Epping (RAARP, NHNHP), Epsom (RAARP, NHNHP), Errol (RAARP, NHNHP), Francestown (RAARP), Gilmanton (RAARP), Goffstown (RAARP), Grantham (RAARP), Groton (NHNHP) Hampstead (RAARP), Hancock (RAARP), Harrisville (RAARP), Haverhill (RAARP, NHNHP), Hebron (NHNHP), Henniker (RAARP, NHNHP), Holderness (RAARP), Hollis (RAARP, NHNHP), Hopkinton (RAARP), Jaffrey (RAARP, NHNHP), Keene (RAARP), Lee (RAARP, NHNHP), Londonderry (RAARP), Lyman (RAARP), Lyme (RAARP), Madbury (RAARP), Merrimack (RAARP), Milford (RAARP), New Boston (RAARP), Newbury (RAARP), Newmarket (RAARP), Orford (RAARP, NHNHP), Peterborough (RAARP, NHNHP), Pittsburg (RAARP, NHNHP), Pittsfield (RAARP), Plainfield (RAARP), Plymouth (RAARP), Raymond (RAARP), Richmond (RAARP), Rindge (RAARP), Rochester (RAARP), Rumney (RAARP), Salisbury (RAARP, NHNHP), Sandown (RAARP), Stark (RAARP), Strafford (RAARP), Surry (RAARP, NHNHP), Sutton (RAARP), Swanzey (RAARP), Thornton (RAARP), Warner (RAARP, NHNHP), Weare (RAARP, NHNHP), Webster (RAARP), Wentworth (RAARP, NHNHP), Wilmot (RAARP), Wilton (RAARP), Woodstock (USFS)
Historical records reported in Oliver and Bailey (1939)
Belknap County (Meredith), Cheshire County (Keene, Swanzey, and Troy), Coos County (Pittsburg), Grafton County (Canaan, Enfield, and Littleton), Hillsboro County (Hudson, Pelham, and Peterboro), Merrimack County (Allentown, Concord, Epsom, Franklin, and Hopkinton), Rockingham County (Kingston, Plaistow, and Windham), and Sullivan County (Lempster, and Newport).
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NH Distribution map from NHFGD (2015).

ME: Natural Heritage Database records for the following Counties (in parentheses: town, # of records).  The date of last observation is included for those records considered historic (< 1981).
Androscoggin (Lewiston, 1), Aroostock (Ashland, 2; Chapman, 2, 1976 and 1980; Island Falls, 1, 1978; Masardis, 2, 1975 and 1980; Monticello, 1; Portage Lake, 1; Reed PLT, 2; T09 R05 Wels, 2; T09 R08 Wels, 1; T10 R07 Wels, 1; T11 R07 Wels, 1; T10 R07 Wels, 1; T11 R09 Wels, 1, 1976; T11 R13 Wels, 1, 1978; T13 R14 Wels, 1, 1980; T13 R15 Wels, 1, 1980; T14 R06 Wels, 1; Wade, 1), Cumberland (Cumberland, 1; Falmouth, 2; New Gloucester, 3; North Yarmouth, 1; Gray, 1; Standish, 2; Westbrook, 1; Harrison, 1), Franklin (Farmington, 1; Jim Pond TWP, 2; New Vineyard, 1; Perkins TWP, 1, 1976; Rangeley, 1; Strong, 1), Hancock (Amherst, 1, 1979; Bar Harbor, 1; T28 MD, Devereaux, 1), Kennebec (Augusta, 1, 1919; Winthrop, 1), Knox (Isle Au Haut, 1), Oxford (Andover, 2; Brownfield, 1; Hiram, 1; Otisfield, 1; Oxford, 1; Porter, 1; Rumford, 1), Penobscot (Alton, 1; Argyle TWP, 1; Bradford, 1; Exeter, 1; Hampden, 2; Howland, 1; Kenduskeag, 1; Lincoln, 1; Milford, 1; Old Town, 1; Orono, 1; Orrington, 1; T01 R08 Wels, 1; T02 R08, NWP, 1; T06 R06 Wels, 1, 1980; T3 Indian Purchase, 1), Piscataquis (Abbot-Parkman, 1; Atkinson, 1; Atkinson-Sebec, 1; Brownville, 1; Dover-Foxcroft, 1; Guilford, 1; Little Squaw TWP, 1; Medford, 1; Milo, 1; Northeast Carry TWP, 3; Parkman, 1; Sangorville, 1; T05 R09 Wels, 1; T06 R10 Wels, 1; T06 R15 Wels 1; T06 R14 Wels, 1; T07 R17 Wels, 1; T08 R14 Wels, 1; T08 R14 Wels, 2; T09, R09 Wels, 1; T10 R09 Wels, 2; Trout Brook TWP, 1), Somerset (Cambridge, 1; Canann, 1; Coomstock TWP, 2; Holeb TWP, 4; Mercer, 1; Norridgewock, 1; Pittston Academy Grant, 1; Seboomock TWP, 1; T03 R04 BKP WKR, 1; T07 R16 Wels, 1; T07 R17 Wels, 1; T08 R17 Wels, 1; T09 R17 Wels, 1), Waldo (Unity, 1; Sandy Stream National Wildlife Refuge: deMaynadier and Docherty 2000), Washington (Beddington, 1; Cherryfield, 4; Deblois, 2; Forest City TWP, 1, Lambert Lake TWP, 1; T30 MD BPP, 1; T31 MD BPP, 1), York (Acton, 1; Arundel, 2; Biddeford, 1; Hollis, 1, 1975; Hollis-Dayton, 1; Kennebunkport, 1, 1980; Lemanon, 2; Limerick, 1; Limington, 1; Newfield, 2; Waterboro, 1; Lyman, 1; North Berwick, 1; Old Orchard Beach, 1; Sanford, 1; Shapleigh, 1; South Berwick, 2; Wells, 1; York, 1)

Current distribution in WMNF relative to species’ global, North American, and state range
	WMNF’s position within N. Am. range
	X
	Central
	
	Peripheral
	
	Disjunct
	
	N/A

	WMNF’s position within NH range
	X
	Central
	
	Peripheral
	
	Disjunct
	
	N/A

	WMNF’s position within ME range
	
	Central
	X
	Peripheral
	
	Disjunct
	
	N/A


Northern New England is central to the wood turtles’ North American range so these states could have a large impact on the overall viability of the species (SVE Panel 2002). Habitat for the wood turtle is probably not ideal on a large portion of the White Mountain National Forests due to elevation and steepness of waterways in headwater areas. Some streams and rivers in the lower parts of drainages on the WMNF may be in appropriate habitat. Although most occurrences are south of the WMNF, the wood turtle has been reported as far north as Pittsburg, making the WMNF somewhat central to the New Hampshire range.   

Current occurrences on the WMNF 
Currently occurs on the WMNF (Hillman and Jones 2022, NHNHB 2016). There are three known, reproducing populations. The largest was surveyed intensively in 2007 and again in 2020; no significant population change was noted (Hillman and Jones 2022). The other two are small and isolated, but appear to be reproducing.

Single wood turtles have been found recently (since 2021) at three separate sites on or adjacent to the WMNF. None of these sites have been surveyed, so it is unknown if these individuals represent established populations. However, in one of these areas, three turtles have been observed incidentally in the general vicinity since 2011, so a reproducing population or several small populations may occur here.
There are two records of individual turtles found at other isolated sites. However, these records are historical and no turtles have been seen in these heavily visited areas in decades.

Historic occurrences on the forests

Zero to two.
Population Trend

	Spatial Scale
	Documented Decline
	Suspected Decline
	Stable or Increasing
	Unknown

	Within WMNF
	
	
	X
	

	Within GMNF
	
	
	
	X

	Within New Hampshire
	
	X
	
	

	Within Maine
	
	
	
	X

	Within Vermont
	
	
	
	

	Within northern New England
	
	X
	
	

	Within North America
	X
	
	
	

	Globally
	X
	
	
	


“Researchers believe that wood turtles are in decline throughout their range (Garber 1989, Klemens 1989, Harding 1990).” (cited in Garber and Burger 1995). The wood turtle has “declined precipitously in southwestern Connecticut and central Massachusetts due to a combination of low recruitment and habitat fragmentation” (Klemens 1989). In New Hampshire, the wood turtle was apparently much more abundant historically. Oliver and Bailey (1939) reported that “In New Hampshire the wood turtle appears to be second only to the painted turtle in abundance.” While the wood turtle is most certainly less common on the WMNF now than before so much of the area was developed and/or logged, the population is most likely stable, but precarious, for the time being. Other declines are based on state rankings.
Robust data on trend are not available for most occurrences, but available evidence indicates that this species is declining in many parts of its range, and trend is unknown but likely declining in most other areas. The species is not known to be stable or increasing in any substantial portion of the range. Decline in population size over the past three generations (which likely exceeds 50 years) probably has been substantial (NatureServe 2018). There is no evidence of decline in the largest population on the WMNF (Hillman and Jones 2022).
LIFE HISTORY INFORMATION

Food and feeding behavior

Opportunistic omnivore, eats on lands and in water. Exhibits a strong preference for vegetable matter, including fruits, berries, tender leaves, and mushrooms. Also eats insects, earthworms, mollusks, tadpoles, leeches, caterpillars, dead fish, and newborn mice (NatureServe 2023). 
Reproductive strategy and method(s) 
Sexual reproduction. Eggs are laid terrestrially. Nesting wood turtles require loose substrate on fully exposed (unshaded) sites, such as sandy banks or sand-gravel bars in streams. When natural openings are unavailable they may use such man-made disturbances as road grades, railroad grades, sand pits, or plowed fields (NatureServe 2023).
Reproductive age and periodicity 
Age at sexual maturity varies geographically, from 9 to 20 years (Bowen and Gillingham 2004). Ages of maturity are typically later at northern latitudes.  Age at sexual maturity was estimated at 14 years in NJ (Farrell and Graham 1991) and 17-18 years in Ontario (Brooks et al. 1992).  No data indicated a maximum age for reproduction.  Because rates of nest predation can be extremely high in some areas, turtles rely on high adult survival rates in which nests can be produced over many years (Arvisais et al. 2002).  There is no evidence of multiple clutches within a year, and there is some uncertainty whether mature female wood turtles reproduce every year (Ross et al. 1991), SVE Panel 2002).  Clutch size varies from 3-20 eggs, averaging 8-10 (Bowen and Gillingham 2004); in NH: mean = 8, range: 6-9 eggs (Tuttle and Carroll 1997).
Breeding or reproductive season/reproductive phenology 
Breeding is most common in spring and fall (Farrell and Graham 1991, Klemens 1993), but may occur at other times as well. In VT, one turtle bred in July (Parren 2001).  The breeding season is shorter in colder areas where turtles remain in hibernation for longer periods.  Most mating takes place in shallow water, often in morning, late afternoon, or evening (summarized in Bowen and Gillingham 2004). Nests are excavated in sandy-gravelly soil from mid-May through July (Klemens 1993, Oliver and Bailey 1939), often near water.  In New Hampshire, nest sites were located in sandpits 60 m (mean) from a brook (Tuttle and Carroll 1997).  Incubation period varies with changing environmental factors such as temperature; ranges from 47-116 days have been observed (summarized in Bowen and Gillingham 2004).  Gender of hatchling turtles is genetically determined, unlike most other species of turtles which are determined by incubation temperatures (Taylor 1993).  Hatchlings emerge from the nest chamber between mid-August and early October (Ernst et al. 1994).  Oliver and Bailey (1939) reported that ‘hatchling probably occurs in September.”  There was no evidence for hatchlings overwintering in nests in Michigan (Harding and Bloomer 1979), New Jersey (Harding and Bloomer 1979), Pennsylvania (Ernst 2001), and Connecticut (Klemens 1993).
Production and dispersal of progeny or propagules
Although little is known about habitat use of hatchling and juvenile wood turtles, in MI and NJ they seem to use mostly aquatic habitats (Harding and Bloomer 1979).  Hatchlings are vulnerable to predation and road mortality while they travel from nest sites to aquatic habitats.
Survival rate for progeny
Nesting success is generally very low, with predation on eggs the greatest threat (Brooks et al. 1992).  At northern latitudes, embryonic mortality also may result from cool summer temperatures (Brooks et al. 1992).  Harding (1990) estimated egg and hatchling mortality to be at least 98%.  Wood turtles depend on high rates of adult survival to compensate for a large mortality in the early stages of life (Arvisais et al. 2002).
Reproductive status on the WMNF

There are at least three reproducing populations on the WMNF (Hillman and Jones 2022; USFS unpublished data). One of these populations is relatively large while the two other are small and isolated.
Lifespan
Like most other species of turtles, wood turtles are long-lived.  A wild-caught female wood turtle in Pennsylvania was at least 46 years old (Ernst 2001) and wood turtles have lived to 58 years in captivity (Oliver 1955 cited in Harding and Bloomer 1979).  Wood turtles captured in Connecticut were rarely younger than 15-20 years old (Klemens 1993).  Older age estimates may be conservative as it is difficult to accurately age older individuals (Harding and Bloomer 1979).
Migration
Wood turtles use a mosaic of upland, riparian, riverine, and wetland habitats within their home range.  Although the wood turtle is frequently closely associated with aquatic habitat (Carroll and Ehrenfeld 1978, Ernst et al. 1994, Compton et al. 2002), they can travel some distance to reach nesting areas or to return to hibernation sites. For example, a wood turtle in Vermont was observed 1400’ from the stream (Parren 2001); In Pennsylvania, some females traveled 900-1000 m while in search of nest sites (Ernst 2001) ) and in Minnesota female wood turtles traveled up to 4.3 miles in search of nesting sites (Buech et al. 1997b).  

Wood turtles move from aquatic hibernation sites to riparian basking and feeding spots in April and May; then females may move some distance to reach nesting sites in June; most of the summer includes smaller movements among upland and riverine habitats used for feeding and basking; fall sees migration back to hibernation sites (Arvisais et al 2002).

Human developments, especially roads, are potential barriers to hatchling and adult turtles moving across the landscape.
Relationships with other species

Nest sites are sometimes shared with other species of turtles (Harding and Bloomer 1979), including painted and snapping turtles on the WMNF (Hillman, personal observation). 

Leeches frequently parasitize wood turtles while turtles are in aquatic habitats, but leeches often are absent as turtles become more terrestrial during May - September (Farrell and Graham 1991).

Nest predators include raccoons, skunks, ravens, crows, and coyotes. Raccoons, skunks, opossums, and several species of bird, turtle, and fish will prey on young wood turtles (Bowen and Gillingham 2004). Predators (mostly raccoons) mutilated or amputated limbs from 12.5% of wood turtles in a Michigan study (Harding 1990).
Other 
In New Hampshire, sex ratio of adult wood turtles did not deviate statistically from 1:1 (Tuttle and Carroll 1997). Most populations are evenly split between sexes or biased toward females (Bowen and Gillingham 2004). Just as home range size increases with latitude, population density decreases with latitude (Bowen and Gillingham 2004). In southern Quebec, population density was estimated as 1.2 turtles per 100 m of river (Daigle 1997).  Density in a 31 ha area of primary habitat in New Hampshire was 2.6 turtles/ ha (Tuttle and Carroll 1997).  Densities reported in New Jersey were considerably larger, at 10.7/ha (Farrell and Graham 1991).  However, it may be difficult and inappropriate to compare population densities of wood turtles among different study areas because of the availability of different habitats (Daigle 1997). Many populations appear to have a high proportion of adults, indicating they may be unhealthy and unsustainable (Bowen and Gillingham 2004). 

HABITAT

General Description
The wood turtle uses a variety of aquatic and terrestrial habitats that vary geographically, seasonally, and among individuals (Bowen and Gillingham 2004; NJ: Harding and Bloomer 1979, VA: Ernst 1986, PA: Kaufmann 1992, ME: Compton et al. 2002, NH: D. Carroll pers. comm).
Throughout their range, wood turtles spend the winter hibernating in slow-moving streams, rivers, and some ponds.  Sites frequently used for hibernation include undercut banks, muskrat burrows, root masses along stream edges, stream bottoms, and submerged logs.  
In the spring (March-April), turtles emerge from aquatic wintering areas. They bask and feed along streambanks and in riparian habitats. Breeding occurs in shallow streams, usually during spring or fall.  
In early summer (May - July), females search for an open canopy, and sandy or gravelly substrate in which to excavate their nest. Nests are typically placed close to water, but elevated at least 1 meter above the high water mark, and where vegetative cover is less than 20% (summarized in Bowen and Gillingham 2004). 
Summer habitat use varies geographically.  In the midwestern states, wood turtles tend to be largely aquatic, whereas in the eastern portion of the range, wood turtles spend considerable time in upland habitats.  Although usually in close proximity to permanent streams, other habitats used during this time include bogs, wet meadows, upland fields, farmland, and deciduous forests (Harding and Bloomer 1979, DeGraaf and Yamasaki 2001). Wood turtles seem to prefer riparian and upland forest with enough canopy openings to provide a dense herbaceous layer for foraging (Bowen and Gillingham 2004). They have been documented using 10-year-old skid trails and landings almost 2000 feet from their home stream on the WMNF (USFS unpublished data).
In fall (October - November), turtles return to the aquatic environment to overwinter.  
In Maine, activity areas of wood turtles were near streams and rivers and had moderate forest cover (Compton et al. 2002).  Within activity areas, wood turtles in Maine selected areas that were near water, non-forested, and with low canopy cover (Compton et al. 2002).  Compton et al. (2002) attributed this difference in selection at the 2 spatial scales to a preference for forest edges, where basking and feeding opportunities are abundant.  Dense riparian forbs and shrubs provide important cover.  

Habitat associations  

	
	Terrestrial (Uplands)
	
	Palustrine (Wetlands)

	
	 Forests and Woodlands 
	
	 Forested Wetlands 

	
	  Spruce-fir northern hardwood forests
	X
	  Floodplain forests

	
	    Subalpine krummholtz 
	
	  Hardwood swamps

	
	    Montane spruce-fir forests (>2500’)
	
	  Softwood swamps

	
	    Lowland spruce-fir forests
	X
	  Seeps, springs, vernal pools

	
	    Red spruce-northern hardwood forest
	P
	 Open Wetlands 

	
	    Aspen/paper birch forests
	
	  Open peatlands

	X
	  Northern hardwood forests
	P
	  Marshes and sedge meadows

	
	    Rich northern hardwood forests 
	P
	  Wet shores

	
	    Hemlock forests
	P
	  Shrub swamps

	X
	  Oak-pine-northern hardwood forests
	X
	Lacustrine (Lakes & Ponds) 

	
	Open Uplands 
	
	  Small, high elevation acidic ponds

	X
	  Upland shores
	O
	Riverine (Rivers and Streams)

	X
	  Meadows 
	
	Subterranean 

	
	  Alpine 
	
	Unknown

	X
	  Shrub openings 
	
	

	
	  Outcrops, cliffs and talus
	
	


O = obligate; P = prefers habitat; X = uses habitat

The wood turtle uses a variety of habitats, varying with geographic area and time of year (Harding and Bloomer 1979, see HABITAT section above).  Winters are spent in aquatic habitats such as rivers, streams, and ponds; breeding occurs in shallow streams, usually in spring and fall; summer habitats used includes rivers and streams, various palustrine wetlands, upland fields, orchards, and all forest matrices except spruce-fir, (Harding and Bloomer 1979, DeGraaf and Yamasaki 2001).  In Pennsylvania, wood turtles preferred lowland habitat over upland and Pine Knob habitats (Strang 1983).  In another study in Pennsylvania, wood turtles in terrestrial habitats spent the most time in a grass-sedge-forb association, an alder association, and a cornfield, with much less activity in hemlock and deciduous forests (Kaufmann 1992).  Kaufmann (1992) noted that a matrix of habitat was probably most suitable. 
Habitat Status

While wood turtles are moderately tolerant of some types of habitat alteration such as timber harvesting (Kaufmann 1992), intense development and high recreational use of habitat can have extremely devastating effects on a population. Two wood turtle populations in Connecticut were extirpated following an increase in recreational activity (Garber and Burger 1995). Habitat without frequent human disturbance is declining.
Terrestrial habitats 

	Stand Age*
	Location in Stand

	
	Old growth*
	
	Forest interior

	
	Late successional*
	P
	Aquatic-terrestrial edge

	
	Mature*
	X
	Opening-shrubland edge

	X
	Sapling/Pole 
	X
	Opening-forest edge

	X
	Young (seedling)
	X
	Shrubland-forest edge

	X
	Variable 
	
	Opening interior

	
	No preference
	
	Variable 

	
	Unknown
	
	No preference

	
	
	
	Unknown


O = obligate; P = prefers habitat; X = uses habitat

Within aspen-birch, northern hardwood, and southern hardwood forests, all age classes are used (DeGraaf and Yamasaki 2001).  Wood turtles prefer openings and edges for foraging as well as basking.  They can be found in forest interiors, but it is not preferred habitat.  The use of forest habitats with a limited understory often is limited to travel between preferred habitats (D. Carroll pers. comm.).  Alder, silky dogwood, and arrowwood are good cover plants along riparian areas and other edges (D. Carroll pers. comm.).  A mixture of herbs and grasses (e.g., meadowsweet, goldenrod), shrubs (e.g., silky dogwood), and vines (e.g., woodbine, grape) reduce detection from humans and other predators and provides an abundance of food for the turtles (D. Carroll pers. comm.).
Preferred terrestrial habitat parameters

	Stand Area
	Elevation

	
	1-10 acres
	P
	<1500’

	
	11-50 acres
	X
	1500-2500’

	
	51-200 acres
	
	2500-3500’

	
	201-500 acres
	
	>3500’

	
	501-1000 acres
	
	No preference

	X
	No preference
	
	Unknown

	
	Unknown
	
	


Wood turtles often occur in close proximity (300 m) to stream and riverine habitats.  Stand area may not be as crucial as an appropriate sized riparian buffer.  Oliver and Bailey (1939) reported an altitudinal range of 140 to 1155 feet.  Wood turtles are probably restricted to below 2000’ (SVE Panel 2002).  Reduced availability of deep, low gradient streams at high elevations may better explain an apparent preference for lower elevations (Klemens 1993).  
Preferred terrestrial/riparian habitat structure

	Forest structure
	Shrub layer
	Ground cover

	
	Supercanopy layer
	
	Deciduous
	X
	Herbs/Forbs

	
	Main canopy layer
	
	Coniferous
	
	Moss/Lichen

	
	Midstory layer
	
	Mixed
	
	Leaf Litter

	X
	Shrub layer
	
	Ericaceous
	X
	Exposed soil

	X
	Ground cover
	X
	Dense
	X
	Dense

	
	>60% canopy closure
	
	Intermediate
	
	Intermediate

	
	30-60% canopy closure
	
	Sparse
	
	Sparse

	X
	<30% canopy closure
	
	Absent
	
	Absent

	
	No preference
	
	No preference
	
	No preference

	
	Unknown
	
	Unknown
	
	Unknown


Preferences vary greatly depending on use of habitat.  For foraging habitat, a relatively open canopy with herbs, forbs, and shrubs, located near water, is preferred.  Wood turtles also need open canopy for basking habitat in order to regulate body temperature.  In Maine, wood turtles selected activity areas with moderate forest cover, but within these activity areas selected non-forested sites with low canopy cover (Compton et al. 2002).  Compton et al. (2002) attributed this difference in selection at the 2 scales to a preference for forest edges.  Exposed sand or gravel is preferred for nesting habitat.  (See ‘Terrestrial habitats’ section for more details)     

Preferred terrestrial habitat features

	
	Down logs
	
	Snags
	
	Log/debris piles

	
	Cavities
	
	Loose bark
	
	Hard mast producers

	X
	Gravel pits
	
	Human structures
	X
	Soft mast producers

	
	Fence rows
	X
	Near water
	
	Caves (and mines)

	
	Rocky outcrops
	
	No preferences
	
	Unknown


Female wood turtles in MN selected nesting sites that were near water, elevated greater than 1 m above the normal water level, very sandy, bare of vegetation, and exposed to solar radiation (Buech et al. 1997a).  Gravel pits may be used as nesting areas (Buech et al. 1997a, SVE Panel 2002)
Preferred terrestrial soil features

	Soil texture
	Soil permeability
	Soil pH

	
	Bedrock/outcrops
	
	Rapid
	
	Strongly acid, <5.0

	
	Boulders
	
	Moderate
	
	Medium acid, 5.1-6.5

	
	Cobbles
	
	Slow
	
	Neutral, 6.6-7.3

	X
	Gravel
	
	No preference
	
	Medium alkaline, 7.4-8.4

	X
	Sand
	X
	Unknown
	
	Strongly alkaline, 8.5+

	
	Loam
	
	
	
	No preference

	
	Silt
	
	
	X
	Unknown

	
	Clay
	
	
	
	

	
	No preference
	
	
	
	

	
	Unknown
	
	
	
	


Sand or gravel is preferred for egg-laying habitat, but is not an important feature during other times of the year.  Wood turtles may use natural nesting sites, such as sandbars, cutbanks or other eroded banks, as well as sites created through anthropogenic disturbances (Buech et al. 1997a).  These human-altered sites include gravel pits, railroad beds and road grades (Brooks et al. 1992, Buech et al. 1997a).  

Preferred lacustrine/riverine habitat parameters
	Substrate
	Aquatic Vegetation
	Elevation

	
	Bedrock
	
	Submerged
	X
	<1500’

	
	Boulders
	
	Emergent
	X
	1500-2500’

	X
	Cobbles
	
	Floating
	
	2500-3500’

	X
	Gravel
	X
	No preference
	
	>3500’

	X
	Sand
	
	Unknown
	
	No preference

	
	Organic
	Lacustrine/Riverine edge
	
	Unknown

	
	Detritus
	X
	Trees at edge
	
	

	
	No preference
	X
	Shrubs at edge
	
	

	
	Unknown
	X
	Herbaceous edge
	
	

	
	
	X
	Sandy, muddy or peat edge
	
	

	
	
	
	No preference
	
	

	
	
	
	Unknown
	
	


Gravel or sand substrates within riverine or stream habitat are preferred.  Wood turtles prefer openings with herbs or shrubs for foraging.  Preferred basking spots include openings in the forest canopy, emergent logs over deep stream channels, and grassy, sandy, and muddy banks (Harding and Bloomer 1979).  A dense riparian shrub layer provides important cover (D. Carroll, pers. comm.).

No studies have indicated a maximum elevation for this species; however, wood turtles are probably restricted to below 2000’ (SVE Panel 2002).  Reduced availability of deep, low gradient streams at high elevations may better explain an apparent preference for lower elevations (Klemens 1993). They have been found in Massachusetts at elevations as high as 1700 feet above sea level (NHFGD 2015).
Important preferred lacustrine/riverine habitat water parameters

	O2 concentrations
	Water pH
	Water temperature

	
	High, >9 ppm
	
	Strongly acid, <5.0
	
	Warm

	
	Moderate, 6-9 ppm
	
	Medium acid, 5.1-6.5
	
	Cool

	
	Low, <6 ppm
	
	Neutral, 6.6-7.3
	
	Cold

	
	No preference
	
	Medium alkaline, 7.4-8.4
	X
	No preference

	X
	Unknown
	
	Strongly alkaline, 8.5+
	
	Unknown

	ANC
	
	No preference 
	Water depth

	
	Low, <15 mg/l
	X
	Unknown
	X
	Very shallow, <15 feet

	
	Moderate, 20-50 mg/l
	 
	
	Shallow, 15-30 feet

	
	High, >50 mg/l
	
	
	Moderate, 30-100 feet

	
	No preference
	
	
	Deep. >100 feet

	X
	Unknown
	
	
	No preference

	
	
	
	
	Unknown


Mating occurs in very shallow water (<1 m). Maximum depths for hibernating turtles have not been documented.

Preferred lacustrine habitat parameters and features
	Habitat zones 
	Trophic state
	Features

	X
	Profundal
	
	Dystrophic
	
	Natural origin

	X
	Sublittoral
	
	Oligotrophic
	
	Post-glacial, old 

	
	Rocky littoral or shoal
	
	Mesotrophic
	X
	Beaver ponds

	X
	Mud-sand littoral
	
	Eutrophic
	
	Islands

	
	Macrophyte bed
	
	No preference
	
	Surface wood/rocks

	
	No preference
	X
	Unknown
	X
	Submerged wood/rocks

	
	Unknown
	Lake/pond size
	
	Floating bog mats

	
	
	
	1-10 acres
	
	Stable water level

	
	
	
	11-50 acres
	
	No preference

	
	
	
	51-200 acres
	
	Unknown

	
	
	
	>200 acres
	
	

	
	
	X
	No preference
	
	

	
	
	
	Unknown
	
	


No evidence of turtles nesting along lakeshores was found.  Although they may occasionally be found in lacustrine habitat (particularly beaver ponds along streams), their preference is for riverine or palustrine habitat (Harding and Bloomer 1979).  
Preferred riverine habitat parameters and features

	Flow type 
	Stream structure
	Trophic status 

	X
	Perennial 
	X
	Pools
	
	Oligotrophic

	
	Intermittent
	
	Riffles
	
	Mesotrophic

	
	No preference
	X
	Side channels
	X
	No preference

	X
	Unknown
	
	No preference
	
	Unknown

	Bank full width
	
	Unknown
	Features

	
	0-10 feet
	Channel slope 
	X
	Woody debris/log jams

	
	10-30 feet
	X
	Low, <2%
	X
	Stable bank

	
	>30 feet
	
	Moderate, 2-4%
	X
	Eroding bank

	X
	No preference
	
	High, >4%
	X
	Overhanging/cut bank

	
	Unknown
	
	No preference
	
	Rocks/boulders

	
	 
	
	Unknown
	
	No preference

	Drainage size
	Canopy closure
	
	Unknown

	
	Small, < 10 mi2
	
	>75% canopy closure
	
	

	
	Moderate, 10-100 mi2
	
	50-75% canopy closure
	
	

	
	Large rivers, >100 mi2
	X
	<50% canopy closure
	
	

	X
	No preference
	
	No preference
	
	

	
	Unknown
	
	Unknown
	
	


Wood turtles require an open canopy for basking habitat and nesting areas.  Logs protruding from deep channels are favorite basking locations, along with sunny sandy or muddy banks (Harding and Bloomer 1979).

A stable bank will help maintain water quality within streams.  However, eroding banks may be used as nesting sites (Buech et al. 1997a).  Wood turtles spend the winter hibernating in slow-moving streams, rivers, and some ponds.  Sites frequently used for hibernation include undercut banks, muskrat burrows, root masses along stream edges, and submerged logs.  Hibernation sometimes occurs communally, with as many as 70 individuals recorded at one New Jersey site (Harding and Bloomer 1979).
Preferred palustrine habitat parameters and features

	Area
	Nutrient Availability
	Features

	
	1-10 acres
	
	Minerotrophic
	X
	Vernal pool

	
	11-50 acres
	
	Oligotrophic
	X
	Beaver-influenced

	
	51-200 acres
	
	Ombrotrophic
	X
	Not beaver-influenced

	
	>200 acres
	X
	No preference
	
	Larch/wt. cedar dominated

	X
	No preference
	
	Unknown
	
	Balsam fir dominated

	
	Unknown
	Peatland Type
	X
	Wetland edge

	Elevation
	
	Basin bog
	X
	Wetland interior

	X
	<1500’
	
	Lakeshore bog
	X
	Open water

	X
	1500-2500’
	
	Alpine bog
	X
	Sandy, muddy or peat edge

	
	2500-3500’
	
	Poor fen
	X
	Dead wood

	
	>3500’
	
	Medium fen
	
	No preference

	
	No preference
	
	Rich fen
	
	Unknown

	
	Unknown
	X
	No preference
	
	

	
	
	
	Unknown
	
	


Wood turtles use a wide variety of palustrine habitat types, with no strong preferences indicated (DeGraaf and Yamasaki 2001).  In some parts of its range, turtles seem to prefer moving water, and were rarely taken from ponds or sloughs inhabited by other turtle species of the area (Harding and Bloomer 1979).  Vernal pools may be used in spring (Hunter et al. 1999, D. Carroll pers. comm.).  Submerged woody debris is used during hibernation and as rest sites (Buech 1995).
Home range size

Size of home ranges varies among sites and habitat types (SVE Panel 2002).  Because wood turtles spend much of their time in streams, home ranges are often elongated (Strang 1983).  The longest axes of home ranges were 507 m in Quebec (Daigle 1997), 478 m New York (Barzilay 1980 cited in Daigle 1997), and 447 (Strang 1983) and 463 m (Kaufmann 1995) in Pennsylvania.  Other researchers have used the 95% minimum convex polygon to estimate home ranges.  Wood turtles at the northern limit of their range had larger home ranges (Quebec, 28.3 ha; Arvisais et al. 2002) than more southerly locations (PA: 3.3 ha, Kaufmann 1995); the authors hypothesized that home range size increased with increasing latitude (Arvisais et al. 2002).  Home ranges in NH were 5.8 ha (males) and 3.9 ha (females) (Tuttle and Carroll 1997).  In a Michigan study over several years, over 95% of individuals were recaptured within 305 m (1000 ft) of their original capture and 64% were found within 150 m of their original capture point.  
In one of the small reproducing populations on the WMNF, eight turtles (four adult males, two adult females, and two juveniles) were radiotracked for one calendar year from 2021 to 2022. The 95% minimum convex polygon for their home ranges varied from 1.1 ha to 12.4 ha (USFS, unpublished data).

Wood turtles have an intermediate-range homing ability (Carroll and Ehrenfeld 1987 or 78?).  Eighty-three percent of wood turtles displaced less than 2 km from their home ranges in New York displayed homing ability (Carroll and Ehrenfeld 1987), suggesting that conservation projects that involve relocating turtles may have limited success.    
LANDSCAPE PATTERNS
Habitat patch size requirements
Unknown; probably varies geographically and with habitat quality.  In some northern locations (e.g, in Ontario), wood turtles may make large movements (Quinn and Tate 1991).  Large areas of riparian protection might be necessary in these areas (Compton et al. 2002).  In Virginia, wood turtles were found up to 400 m from the nearest water (Ernst 1986).  Ninety-five percent of wood turtles in Pennsylvania observed by Kaufman (1992) were within 300 m of creeks; however, movements up to 600 m were recorded.  According to Klemens (1989), large reserves are generally the answer; however, “in some portions of New England, a mixture of reserves and semi-protected land used for light agricultural and forestry activities have adequately protected large populations of Clemmys insculpta.”  
Habitat patch distribution requirements

Mating, nesting, feeding, and wintering habitats must be closely situated to provide for viability. See above for specific habitat descriptions.
Connectivity requirements
Roads bisecting home ranges and sites used for hibernation and nesting may create a viability issue. Wood turtles would not travel considerable distances between these habitats.

Corridor size is unknown.  The most important characteristic of connectivity is safety from predation and human impacts (collecting, road mortality).  Appropriate sized riparian buffers may vary with geographic location and other surrounding habitats.  Garber (cited in NatureServe 2001) suggested that greater than fifty reproductive females may be required to maintain viable populations of wood turtles. 

ECOLOGICAL PROCESSES THAT AFFECT THE SPECIES
Natural disturbance 

	
	Wind
	
	Fire
	X
	Flooding

	
	Ice & snow loading
	
	Downslope mvmt.
	
	Water/ice mvmt.

	
	Insect/disease infestations
	
	None
	
	Unknown


It is important that the natural flow of streams and rivers be maintained.  Infrequent natural flooding may maintain and create bare cutbanks and sandbars that are used as nesting habitats (Buech et al. 1997a).

Flooding during the egg incubation period can result in embryonic mortality of eggs, because of the frequent close proximity of nests to water (Hunter et al. 1999).  Flooding also may dislodge and rearrange large logs used as hibernation sites (Parren 2001).    

Wood turtles have a “love-hate” relationship with beavers. While beavers create and maintain high-quality wood turtle habitat, they can also flood nesting sites along rivers. This can be detrimental in small, isolated populations when turtles have limited nesting options (Hillman, personal observation).

Anthropogenic (human-caused) disturbance 
	X
	Agriculture
	X
	Transportation system development
	
	Invasive exotics

	
	Rural development
	X
	Forestry & wildlife habitat management
	
	Accelerated climate change

	X
	Suburban/Urban development
	
	Atmospheric deposition
	
	None

	X
	Other – recreation, dams
	
	
	
	
	
	


Loss of habitat, fragmentation, and stream alterations due to intense development have significant and long-term effects on species viability.  Overall, urbanization and agricultural activities have resulted in habitat loss and degradation as well as direct mortality of wood turtles (Kaufmann 1992, SVE Panel 2002).  In Québec, an agricultural site had more wood turtles with shell injuries and slower growth rates in the second decade of life when compared to a forest site (Saumure and Bider 1998).  At the agricultural site, fewer juvenile turtles were encountered and no turtles in the 0-4 age class were recorded (Saumure and Bider 1998), indicating a possible lack of recruitment at this site. 

However, in some instances anthropogenic disturbances (e.g., timber harvesting, agricultural fields) can create a mosaic of habitats that wood turtles apparently benefit from (Harding 1990, Kaufmann 1992).  For example, a cornfield that lacked farming machinery during the incubation period was ideal for nesting turtles (Kaufmann 1992).  Other anthropogenic disturbances (e.g., powerline corridors, railroads, and gravel pits) also may create suitable nesting habitat for wood turtles.  However, these anthropogenic nesting habitats may be ecological traps for nesting turtles if rates of predation are greater in these human-dominated habitats (Hunter et al. 1999).  Additionally, mortality of migrating adult and hatchling turtles can be high when nesting habitat is near roadways.  Nesting near roadsides could be discouraged by providing alternative nesting sites (Buech 1995).

Any disturbance that increases human activity in the area could reduce the viability of the species.  For example, the local extinction of a Connecticut population of wood turtles was attributed to increased human recreation in the area (Garber and Burger 1995).
Succession

Wood turtles require openings and edge habitats where basking and foraging opportunities are abundant.  These areas usually have dense ground cover or shrubs that provide important cover.  Nesting areas must be bare of vegetation.  Succession would decrease such areas.  Some type of disturbance is required to maintain these habitats.  These disturbances may be natural (e.g., flooding of rivers) or anthropogenic (see above).  Wood turtles are opportunistic feeders, and will eat other foods not associated with openings, though these are not their preferred foods (Harding and Bloomer 1979).  

Ecological roles

	
	Herbivore (grazer)
	X
	Scavenger/detritivore

	X
	Omnivore
	X
	Insectivore

	
	Carnivore
	
	Granivore

	X
	Predator
	
	Pollinator

	X
	Prey
	
	Parasitic

	
	Cavity excavator
	
	Piscivore, invertivore


Wood turtles are opportunistic omnivores, and will eat a wide variety of vegetation, including grasses, algae, green leaves, and berries, as well as mushrooms, mollusks, insects, slugs, earthworms, tadpoles, dead fish, and newborn mice (Oliver and Bailey 1939, Harding and Bloomer 1979, Strang, 1983, Ernst et al. 1994, Compton et al. 2002).  

They are generally not primary prey for any species, but eggs may be preyed on by skunks, raccoons, coyotes, feral cats, and dogs (Harder and Bloomer 1979).  Juvenile turtles are vulnerable to the above predators, in addition to snapping turtles, some birds, and large fish (Harding and Bloomer 1979).  Raccoons and skunks may prey on adults (Farrell and Graham 1991, Brooks et al. 1992).
Other processes 

	
	Energy flow
	
	Competition
	
	Other____________

	
	Nutrient cycling
	
	Disease
	
	Other____________

	
	Temperature flux
	
	Herbivory
	
	None

	
	Moisture flow
	X
	Predation
	
	Unknown


Increased predation may threaten viability of isolated populations.  Increased human development may result in an increase in the abundance of generalist predators (e.g., raccoons, skunks, foxes, and coyotes) that benefit from supplemental food supplies, such as garbage, agricultural crops (Oehler and Litvaitis 1996).  An increased abundance of generalist predators may result in elevated rates of turtle nest predation.  This is one of several negative effects of development and habitat fragmentation (Harding and Bloomer 1979).
THREATS AND LIMITING FACTORS
Habitat related threats

	X
	Loss of habitat 
	X
	 Decline in quality (alteration)
	
	Invasive exotic species

	X
	Fragmentation
	X
	 Inadequate disturbance regime
	
	None

	X
	Succession
	X
	 Impacts of roads/trails 
	
	Unknown


All habitat-related threats to this species are human-caused, long-term, ongoing, and of global and local concern.  Habitat loss, degradation, and fragmentation have contributed to wood turtle declines (Klemens 1989, Burger and Garber 1995).  Southern NH and other areas of New England are experiencing rapid development and increases in human populations (Vogelmann 1995), and much of the suitable habitat for wood turtles in this area is being lost to development (Tuttle and Carroll 1997).  Road construction causes habitat loss and degradation, increased contact with humans, and direct mortality of both young and adult wood turtles (Brooks et al. 1992).  Turtles also become vulnerable as they travel along railroads, where they occasionally become trapped between the tracks (Klemens 1993).
Residential and commercial development results in more impervious surfaces and removal of natural vegetation, both of which result in loss of upland habitat for wood turtles. Conversion of disturbed sites (e.g., gravel pits) to impervious surfaces or manicured lawns reduces the quality of nesting habitat. Increased recreational opportunities (e.g., hiking trails, canoeing, and kayaking trails) along streams and rivers can result in removal of dense riparian vegetation and trampling of sandbars and other potential nesting areas (NHFGD 2015). Subsidized predators in urban and suburban environments, like raccoons, also take a toll.
In Minnesota, populations of wood turtles are limited by nesting habitat available, predation, and stream alterations (Buech et al. 1997a).  Alterations of stream channels (e.g., stabilization, channelization, and damming) can adversely impact wood turtle populations.  Turtles hibernating in the undercut banks of streams can freeze when water discharge is stopped (SVE Panel 2002).  Also, streambank alterations can reduce the quality of nesting areas (Buech et al. 1997a).   

The construction of dams may alter the natural flow of a stream. The impoundment of water and regulated release may reduce natural erosion processes that create nest sites, and flood any nests that are laid when water levels are low. Also, turtles hibernating in the undercut banks of streams may freeze when water discharge is stopped. Dams or ineffective culverts under roadways may impede the movement of turtles, fragmenting populations and reducing gene flow. Channelization of streams may also alter natural stream flow by increasing water velocity causing sections of river to be unusable for the wood turtle. Dredging may cause sediment loading in rivers, degrading water quality (NHFGD 2015).

Succession may be a threat if the disturbance regime is inadequate.  Dense shrubby habitats and nesting sites within riparian areas were historically maintained by flooding rivers.  Stream alterations may reduce this natural disturbance.  Other anthropogenic disturbances may create openings and a mosaic of habitats that benefit the wood turtle but these activities could also be detrimental to the viability of the species (see Anthropogenic disturbance section).    

Non-habitat related threats 
	X
	Predation/herbivory
	X
	Harvest/collection 
	
	Loss of pollen/seed dispersal vector

	
	Loss of prey base
	X
	Reproductive traits
	X
	Pollution

	
	
	
	Competition
	X
	Disturbance due to human presence

	
	Parasitism
	
	Genetics
	X
	Trampling/direct impacts 

	
	None
	
	Unknown
	X
	Other – climate change


Historically, wood turtle populations were dramatically reduced and fragmented due to collection for biological supply houses, food, and the pet industry (Harding and Bloomer 1979).  Both large and small scale collections of wood turtles can result in population declines and local extirpations (Hunter et al. 1999).  Measures have been taken to reduce this impact, but in areas where development pressure is not great, collection may still be the biggest threat to this species.  Though mass collection and commercial use of the wood turtle is illegal in most of the species’ native range, these animals may still be sold in pet stores elsewhere in the United States or exported to other parts of the world.  A breeding pair of wood turtles has been seen on sale for as much as $1800 (SVE Panel 2002).  “Hundreds to thousands of wood turtles arrive in Florida for world-wide distribution each spring” (Harding cited in NatureServe 2001).  Features and activities that attract humans to wood turtle sites, such as trails and trout stocking, make local populations vulnerable to extirpations (D. Carroll pers. comm.).  Opening an area of Connecticut to human recreation (hikers, fishermen) resulted in the extinction in 2 populations of wood turtles (Garber and Burger 1995).      

New Hampshire’s human population density and associated development is rapidly increasing. Increasing human population densities are associated with increasing road densities and traffic volume, and road widening. Turtles are relatively slow when traveling through upland habitat, and individual turtles are extremely vulnerable when crossing moderate to high traffic roads. Small annual losses of only one to several adult wood turtles may result in population extirpation. Roads located near local turtle populations can lead to population declines via mortality of individuals and altered population structures, including skewed age or sex ratios. Sixty‐seven percent of dead wood turtles reported in New Hampshire were located on roads. There are 23 watersheds with no major roads in potential wood turtle habitat, but only 1 known occupied watershed without major roads. The mean number of stream road crossings per occupied watershed is 30. Road mortality is likely the primary cause of population declines in the urbanized east coast (NHFGD 2015).

The maintenance of agricultural crops and hayfields may result in collision with adult turtles using the area during the summer. The loss of individuals, especially adult females, can have a severe impact on the population due to the low recruitment of juveniles into the breeding population. However, compatible (i.e., individual turtles not killed) management of agricultural lands and hayfields near riparian areas may provide some beneficial foraging and nesting resources (NHFGD 2015).

Human development and recreation result in increases in generalist predators (Oehler and Litvaitis 1996), several of which (e.g., raccoons, skunks) prey on turtle nests (Maier et al. 2002).  These predators often are responsible for high rates of nest mortality (Brooks et al. 1992, Burger and Garber 1995), sometimes approaching 100% (Harding and Bloomer 1979).  Predators (especially raccoons) were responsible for injuries (e.g., missing limbs, mutilated shell) or death in 17% of wood turtles studied in New Jersey (Farrell and Graham 1991), and 60% of adult wood turtles studied in Ontario (Brooks et al. 1992).  

Wood turtles are not tolerant of pollution (Harding and Bloomer 1979, DeGraaf and Yamasaki 2001) and can be negatively impacted by litter, such as plastic and fishing line (summarized in Bowen and Gillingham 2004).

Compared with many other local species of turtles, wood turtles spend considerable amount of time in terrestrial habitats, making them more vulnerable to direct mortality (SVE Panel 2002).  

Wood turtles are long-lived, have a delayed age of sexual maturity, and relatively low fecundity, so population viability depends on high rates of adult survival. Even a slight increase in adult mortality can lead to extirpation (summarized in Bowen and Gillingham 2004). These life history traits also make recovery from a reduced population difficult.
Severe hot or cold temperatures can result in breeding, nesting, and overwintering phenology disruptions. Severe storms and flooding can degrade wood turtle habitat as well as cause the removal of individuals from a population via direct mortality or washing downstream. The specific environmental triggers for breeding, nesting, and overwintering are not well understood, but thermal triggers and river ice‐out are most widely assumed. Erratic temperature swings and unusual weather patterns may be problematic for a species dependent on thermal cues, but this threat is poorly understood for wood turtles in New Hampshire (NHFGD 2015).
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