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SummARY. — The Northwestern Pond Turtle, Actinemys marmorata (family Emydidae), cur-
rently ranges from northern Washington State through western Oregon and south to central
California, USA. It may have formerly ranged from southwestern British Columbia, Canada,
but is now likely extirpated or was possibly introduced there. It was recently split from the
Southwestern Pond Turtle (A. pallida) that has its range in central coastal California south to
Baja California, Mexico. Adult A. marmorata are medium-sized freshwater turtles with a usual
straightline (maximum) carapace length (SCL) of 150-180 mm, although some males exceed
220 mm SCL. They are primarily aquatic during their activity period that spans from spring
through early fall. They prefer quiet waters, including marshes, ephemeral wetlands, ponds,
streams, and rivers as well as artificial water bodies such as canals, cattle ponds, and reservoirs.
Some populations persist in intermittent waters present for only 4-6 mo each year. Overwin-
tering habits vary, with most turtles residing in flowing waters moving to upland sites, while
others may remain in still waters year-round. They are generalist omnivores, although juveniles
primarily feed on invertebrates while adults may include aquatic plants in the diet. Males begin
to display secondary sexual characteristics (SSC) by 120 mm SCL while females mature around
140 mm SCL. Individuals tend to grow more slowly in the northern portions of their range where
ambient temperatures are lower and the growing season is shorter. In Oregon and northern
California, males attain SSC at 6—10 yrs old and females begin to reproduce by about 10 yrs of
age. In southern populations, males may attain SSC at 2—4 yrs and females as early as 4 yrs of
age. Sex ratios typically are close to 1:1. Most populations have 30-60% of turtles <12 yrs old.
Annual survivorship of adults is > 0.7 but this needs better documentation. Survivorship of eggs
and hatchlings is low. Mean clutch size is usually from 4.5 to 8.5 eggs (range 2—-13), depending
on geographic location and environmental conditions. Eggs are typically 32-42 mm long and
18-25 mm wide. Most nesting occurs in late May to mid-July. Double clutching is known in some
populations but appears to be <5%. The species exhibits temperature-dependent sex determi-
nation, with warmer temperatures (=29°C) producing a higher proportion of females. Current
evidence suggests that hatchlings tend to remain in the nest chamber through the winter and
emerge in early spring. Populations appear to be declining in the northern portions of its range,
near urban centers, and at some remote locations. Robust populations remain in the core of its
range in southern Oregon and northern California as well as in some rural and agricultural
areas in the southern range. The primary threats are habitat loss, alteration, and fragmentation
of both aquatic and terrestrial habitats. Introduced species also pose threats through predation,
competition, and disease transmission. Historically, A. marmorata was collected for the food and
pet trades; these practices have been outlawed, although the level of continued illegal collection
is not known. Greater effort is needed to protect and manage aquatic habitats as well as nesting
and overwintering sites in adjacent uplands.

DistriBuTION. — USA. Pacific coast states from northwestern Washington, western Oregon,
northern, central, and southern Central Valley of California, with a few isolated populations
in western Nevada. Possibly native (or introduced) in extreme southwestern British Columbia,
Canada, but now apparently extirpated.

SyNoNYMY. — Emys marmorata Baird and Girard 1852, Clemmys marmorata, Geoclemmys
marmorata, Chelopus marmoratus, Melanemys marmorata, Clemmys marmorata marmorata, Ac-
tinemys marmorata, Actinemys marmorata marmorata, Emys marmorata marmorata, Emys nigra
Hallowell 1854, Clemmys wosnessenskyi Strauch 1862, Geoclemmys wosnessenskyi.
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SuBsPECIES. — None currently recognized (formerly two recognized: Actinemys marmorata marmorata and

Actinemys marmorata pallida).

Status. — IUCN 2026 Red List (in press): Vulnerable (VU A2bcde+4bce, E), assessed 2024; IUCN 2025 Red
List: Vulnerable (VU Alcd [ver. 2.3]), assessed 1996; CITES: Not Listed; California: Species of Special Concern;
Oregon: Sensitive Critical; Washington: Endangered; US ESA: Proposed Threatened.

Taxonomy. — The taxonomic affinities and inferred
phylogenetic relationships of the Northwestern Pond
Turtle (Actinemys marmorata) have shifted repeatedly
since the species was first described (see Bury 1970; Bury
et al. 2012a; TTWG 2021, 2025). The first specimens
were collected in 1841 in the vicinity of Puget Sound in
western Washington and described by Baird and Girard
(1852) as Emys marmorata, referring to the marmorated
(marbled, veined, or streaked) pattern of the carapace and
skin. Turtles collected from Poso Creek in Kern County
in the Central Valley of California were later described
as Emys nigra by Hallowell (1854), based on the dark
coloration of specimens collected, but this taxon has not
been recognized recently, and is synonymized under A.
marmorata. Agassiz (1857) examined these specimens
along with turtles from the San Francisco Bay Area and
placed them in the genus Actinemys, referring to their
range as extending from Puget Sound, Washington, to
Monterey, California. Strauch (1862) described Clemmys
wosnessenskyi from Sacramento (also a synonym of A4.
marmorata) and reclassified the genus to Clemmys, which
became the most widely accepted taxonomic affinity for
over a hundred years (Bury and Ernst 1977; Bettelheim
et al. 2005; Ernst and Lovich 2009). Morphological and
genetic evidence suggested that this turtle does not belong

in the genus Clemmys (Bickham et al. 1996; Feldman and
Parham 2001; Holman and Fritz 2001; Fritz et al. 2011).
Feldman and Parham (2002) and Parham and Feldman
(2002) proposed placement in the genus Emys, along with
the Blanding’s Turtle (Emys [= Emydoidea] blandingii),
the European Pond Turtle (Emys orbicularis), and the
Sicilian Pond Turtle (Emys trinacris). This view was
adopted by some others (Spinks et al. 2003; Spinks and
Shaffer 2005, 2009; Spinks et al. 2010, 2014). However,
Holman and Fritz (2001) and Stephens and Wiens (2003)
suggested that these turtles are not closely related to any
extant species and should be placed in their own genus,
Actinemys. Seidel and Ernst (2016) recognized Actine-
mys and reported that the genus is most closely related
to Emydoidea blandingii and the two Emys species in
Europe. The genus Actinemys is recognized by the Turtle
Taxonomy Working Group (TTWG 2021, 2025) and it is
recommended in publications of standardized names for
North American herpetofauna (Collins and Taggart 2002;
Iverson et al. 2017; Taggart and Carr 2025) and globally
(Fritz and Havas 2007). Thus, we follow the genus name
Actinemys, except when referring to historical uses of the
genus name Clemmys.

Several common names have been used historically,
but Western Pond Turtle or Pacific Pond Turtle were most
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Figure 1. Adult female Actinemys marmorata basking on an emergent boulder in the Rogue River, Josephine County, Oregon.
Photo by Don T. Ashton.
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Figure 2. Many adult male Actinemys marmorata in the San Joaquin Valley of California develop distinct yellow coloring on all or parts
of the marginal and costal scutes. Fresno County, California. Photo by David J. Germano.

widely used and referred to the single sensu lato species
spanning from Puget Sound to Baja California, Mexico
(Bury and Germano 2008; Bury et al. 2012a). The genus
Actinemys is sister to the clade including Terrapene, Emys,
and Emydoidea (Thomson et al. 2021).

In 1945, a subspecies of Clemmys marmorata was
described (Seeliger 1945): the Southwestern Pond Turtle,
Clemmys marmorata pallida, with a broad range of in-
tergradation with the Northwestern Pond Turtle, C. m.
marmorata, in central California from the American River
south through the San Joaquin Valley (Stebbins 2003).
The name marmorata comes from the Latin marmor (=
marble), representing the marbled pattern of the carapace
and skin, and pallida is from the Latin pallidus (= pale),
in reference to the light background color of the sides and
ventral surface of the neck (Bury 1970).

Holland (1992) hypothesized three groups in the
Western Pond Turtle (then C. marmorata) based on mor-
phology: 1) the Columbia River group along the Oregon-
Washington border; 2) the northern group occurring from
Washington to central California; and 3) the southern
group along the central coast of California south to Baja
California. However, there were no published descriptions
of these proposed taxa. Using DNA fingerprinting, Gray
(1995) reported low levels of genetic variation within
and among several populations throughout the range,
although significant differences were present between
northern and southern populations, supporting the subspe-
cies division. Spinks and Shaffer (2005) reported genetic
differences indicating four clades in two groups: 1a) from
the Transverse Ranges of southern California south into
Baja California; 1b) Ventura and Santa Barbara counties

Figure 3. Young subadult Actinemys marmorata with clearly vis-
ible growth rings on the plastron, apparently approaching the end
of its third growth season. Klamath Lake region, Oregon. Photo
by R. Bruce Bury.

Figure 4. Actinemys marmorata hatchling in early May after
recently emerging from overwintering in the nest chamber; no
growth annuli have been produced and the umbilical patch is visible
between the abdominal scutes. Trinity County, California. Photo
by James B. Bettaso.

1353



1354

Fwadi

Conservation Biology of Freshwater Turtles and Tortoises ® Chelonian Research Monographs, No. 5

Figure 5. Distinguishing adult male and female Actinemys marmorata. (Top left) The snout of males is more angular and throat is often
pale compared to (top right) the blunt snout and mottled throat of females. (Bottom left) In adult males, the cloaca is positioned beyond
the margin of the carapace and the tail base is thicker, (bottom right) whereas the cloaca of females is positioned even with or inside
the posterior edge of the carapace and the tail is narrower. Tuolumne River, Tuolumne County, California. Photos by Don T. Ashton.

in central coastal California; 2a) the San Joaquin Valley
and adjacent foothills; and 2b) all the remaining popu-
lations to the north. These data suggested considerable
genetic fragmentation within the species (sensu lato),
especially in the southern half of its range. Spinks et al.
(2010, 2014) used a suite of genetic markers to suggest a
split that elevates the two subspecies to species level: the
Northwestern Pond Turtle (4. marmorata), correspond-
ing to clades 2a and 2b described by Spinks and Shaffer
(2005), and the Southwestern Pond Turtle (4. pallida)
corresponding to clades la and 1b in Spinks and Shaffer
(2005). A subsequent population genetics study added
clarification of the range boundaries between the two
species, confirming broad zones of sympatry with known
or suspected admixture (Shaffer and Scott 2022). Future
taxonomic studies will be aided by a reference genome
for A. marmorata completed as part of the California
Conservation Genomics Project (Todd et al. 2022).
Description. — Actinemys marmorata is a moderate-
sized semi-aquatic freshwater turtle (Figs. 1-3). Adults usu-
allyreachastraightline carapace length (SCL) of 150-180 mm
(Bury 1995a; Germano and Bury 2009; Ashton et al. 2015;
Germano 2016). Maximum SCL is commonly measured,
although some researchers measure midline SCLbecause this
measurementis less prone to chipping or wear. The difference
between maximum and midline SCL for adult turtles range
from 2—5 mm (a 1-3% difference for adult turtles), although
not all publications state whether maximum or midline SCL
is reported. Lubcke and Wilson (2007) reported maximum
SCLapproaching 200 mm for large females with some males

exceeding 220 mm SCL, including a male with a maximum
SCL of 241 mm (Fidenci 2005; Lubcke and Wilson 2006,
2007). Adults usually weigh 400900 g with some individu-
als exceeding 1,000 g (Lubcke and Wilson 2007; Germano
2010, 2021; Germano et al. 2022). Hatchlings emerge from

Figure 6. Actinemys marmorata (top) tends to have triangular
inguinal scutes (green asterisk) compared to smaller or absent
inguinals (white asterisk) in 4. pallida (below), although there
is considerable variability in this trait. Photos by Don T. Ashton.
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the nest at 20-30 mm SCL and 57 g (Storer 1930; Feldman
1982; Hill 2006).

Carapace color is usually dark brown or dull yellow-
olive, with or without darker streaks or vermiculations (Fig.
1). Many adult males in the Central Valley of California
develop distinct yellow coloring on all or part of the marginal
and costal scutes of the carapace (see Fig. 2). The plastron is
cream or light-yellow, sometimes with dark areas on parts of
the scutes (Fig. 3). The skin is brown or yellow-brown, often
with small dark dots and vermiculations. Hatchlings usually
have subtle yellow striping on the limbs and sometimes the
neck, but these disappear in their first year (Fig. 4). The
carapace is low and broad and lacks a keel or serrations and
is generally widest posterior to the middle (across the 8th
marginals). Vertebral scutes are broader than long, and the
first vertebral touches four marginals and the nuchal (Carr
1952; Ernst et al. 1994; Ernst and Lovich 2009). Turtles in
flowing waters may be more elongate than those living in
standing waters (Lubcke and Wilson 2007; Angielczyk et
al. 2011). The hind foot is webbed to the base of the claws
(Ernst and Lovich 2009).

The sexes can be visually differentiated when secondary
sexually dimorphic characteristics develop inmales. Male A.
marmorata canusually be distinguished from females by the
time they reach a size of 120 mm SCL, when individuals are
assumed to be adults, although actual size and age at maturity
varies depending on environmental conditions (Bury et al.
2012b; Snover et al. 2015). A suite of characteristics are
often used to determine sex (Fig. 5). In adult males, when
the tail is extended, the cloaca is posterior to the edge of the
carapace and the tail base is thicker compared to females
with the cloaca at, or anterior, to the carapace margin and
a narrower tail base. Adult males tend to have a concave
plastron in the femoral region, while the plastron of adult
females tends to be flat or slightly convex. The head of adult
males is more robust, and the snout more angular than seen
in females. Adult males usually have a light-colored throat
while females have a brown or yellow-brown throat with
moderate to extensive flecking, retaining the pattern and
coloration of juveniles.

Average SCL of males is larger than females in most
populations, and males can reach a larger maximum size
(Lubcke and Wilson 2007; Germano and Bury 2009; Germano
2010; Ashton et al. 2015; Germano 2016). The carapace of
adult females tends to be more domed (greater height) than
in males and juveniles.

Hatchlings and young juvenile turtles lack visible
external sexually dimorphic characteristics, but sex can be
determined without sacrifice of neonates by laparoscopic
examination of gonads and accessory ducts (Geist et al.
2015; Terry 2018) or by immunoassay of blood samples to
detect specific proteins involved in sex differentiation (Tezak
et al. 2020).

Distinguishing from Co-occuring Species. — It can be
challenging to reliably distinguish A. marmorata from its

congener A. pallida based on morphology. In general, A4.
marmorata tends to have larger triangular inguinal scutes
(Fig. 6) compared to smaller or no inguinals in 4. pallida,
although there is much variability in this trait, especially
along contact zones between the two species where admix-
ture occurs (Seeliger 1945; Buskirk 1990, 2002). Often, the
throat of male 4. marmorata is lighter-colored and contrasts
with the darker sides of the head and neck, whereas male
A. pallida has a more uniform coloration of the throat and
neck, often with dark vermiculations (Germano et al. 2026),
similarto the pattern of females and juveniles (Seeliger 1945;
Buskirk 2002).

All of these morphological and color distinctions can be
subtle and unreliable for confirming species identification,
particularly in populations along the boundaries between the
two described species of Actinemys. Also, the contact zones
often include individuals with genetic admixture adding to
the challenge of distinguishing these congeners (Spinks et
al. 2014; Shaffer and Scott 2022). Machine learning meth-
ods trained on plastron images were effective at classifying
different emydid species and distinguishing between two
species of Trachemys, but performed poorly atdistinguishing
the two species of Actinemys, although including additional
characters may improve model performance (Burroughs et
al. 2024).

Actinemys marmorata is differentiated from the native
Western Painted Turtle (Chrysemys picta bellii), which co-
occurs in northern Oregon and western Washington, by the
reddish plastron, olive-green or blackish-green carapace,
and bright red and yellow stripes on the neck and legs of C.
p. bellii (Bury 1995b). The Red-eared Slider (Trachemys
scripta elegans) is an invasive turtle across the range of 4.
marmorata. These invasive turtles are readily distinguished
by the serrated posterior margin of the carapace, while 4.
marmorata lacks serrations, although there may be mild
scalloping of the posterior marginals (Bury 1995¢). Most 7.
s. elegans have yellow stripes on the neck, face, and limbs,
as well as a red patch behind the eye (Bury 1995c¢). These
markings often fade in older adults and are indistinct in mela-
nistic individuals; thus, when viewed from a distance, some
T. s. elegans may resemble adult 4. marmorata. Even when
markings are not distinct, the species can be distinguished
by slight differences in the shape of the snout and eyes of
adults and the serrated posterior edge of the carapace on 7.
s. elegans.

The Snapping Turtle (Chelydra serpentina) has been
introduced to many sites in California and has been found in
Oregonand Washington (Hays etal. 1999; ODFW 2015; Bury
and Matsuda 2022). Chelydra serpentina is distinguished
by its robust head, thick forelimbs, large keeled tail, ser-
rated posterior edge of the carapace, and reduced plastron,
and adults obtain a much larger size than Actinemys spp.
(Bury 1995d). The Spiny Softshell (dpalone spinifera) is a
highly aquatic turtle distinguished by its long pointy snout,
soft leathery shell, reduced plastron, and dorso-ventrally

1355



Conservation Biology of Freshwater Turtles and Tortoises ¢ Chelonian Research Monographs, No. 5

Figure 7. Estimated historical indigenous distribution of Actinemys marmorata in Washington, Oregon, and California, USA, and British
Columbia, Canada. The native range is predominantly west of the Sierra Nevada and Cascade mountainous crests. A few populations are
found east of the mountains, including western Nevada. Yellow dots = museum and current and historical occurrence records of presumed
native populations based on literature and online records (TTWG 2025); orange dots = probable non-native introductions, translocations,
or erroneous records; red dots = apparently extirpated populations; stars = type localities (yellow = Emys marmorata; green = Emys nigra,
blue = Clemmys wosnessenskyi). Colored shading = estimated historical indigenous range (dark red = extant; light red = apparently
extirpated; purple = approximate area of partial hybridization with A. pallida). Distribution is based on fine-scaled GIS-defined level 12
HUCs (hydrologic unit compartments) constructed around verified localities and then adding HUCs that connect known point localities
in the same watershed or physiographic region, and similar habitats and elevations as verified HUCs, and further adjusted based on data
from the literature and the authors. Map by Chelonian Research Foundation.
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flattened shape. It has been introduced to the west coast of
North America at several locations in the Central Valley of
California where it occurs in agricultural canals and south
of San Francisco Bay (Bury and Luckenbach 1976; Jen-
nings 1983), and there are reported observations from sites
in Oregon and Washington (Bury and Matsuda 2022). Over
a dozen other non-native turtle species, likely released pets,
may be encountered in the range of 4. marmorata, adding
complication tofield identification (see Bury and Luckenbach
1976; Jennings 1987; Bury and Matsuda 2022).

Distribution. — Actinemys marmorata is native to the
Pacific Coast states of the United States, primarily west of
the Cascade and Sierra Nevada crests with a few localities
east of the mountains (Fig. 7). Populations occur or previ-
ously occurred from extreme southwestern coastal British
Columbia, Canada (although either extirpated or introduced
there), and the Puget Sound region of Washington and from
western Oregon to south of San Francisco Bay and the
northern (Sacramento) and southern (San Joaquin) portions
ofthe Central Valley of California, and inland to the western
slopes of the Cascade Mountains in Washington, Oregon,
and northern California, primarily west of the Sierra Nevada
in northern to central California (Bury 1970; Nussbaum et
al. 1983; Hays et al. 1999; Bury and Germano 2008; Barela
and Olson 2014; Fisher 2018; USFWS 2023a).

In the Klamath Basin of northern California and
southern Oregon, some robust populations are found east
of'the Cascade Mountains. A small population also occurs
in Bend, Oregon, east of the Cascade Mountains, but this
may represent an introduction (S. Wray, pers. comm.).
East of the Sierra Nevada in western Nevada, disjunct
populations in the Truckee, Carson, and Humboldt rivers
(LaRivers 1942; Banta 1963; Bury 2017) appear to be
genetically related to northern clade populations (Spinks
and Shaffer 2005), although their origin isuncertain. They
may have been originally moved there by Native Ameri-
cans or settlers (Cary 1889; Bettelheim 2020). However,
they may be native, as other populations occur nearby in
northeast California in high desert habitat (Bury 2017).

There are other outlying locality reports that may
represent introduced individuals or are misidentified
specimens or displaced individuals: one male collected
along Canyon Creek, Grant County, Oregon (Black and
Storm 1970); and one juvenile taken in 1894 from along
the Snake River, Jerome County, Idaho (Slater 1962).
Two turtles collected in coastal British Columbia, Canada
(Gregory and Campbell 1984; Matsuda et al. 2006), and
other observations in southwestern British Columbia may
be the result of introductions (Cook et al. 2005), although
they may also have been native, but now extirpated.

Along the contact zone with A. pallida, particularly
from the San Francisco Bay Area south to Monterey Bay,
and along the Transverse Ranges at the southern end of
the Central Valley of California there are broad areas
with admixture individuals (Shaffer and Scott 2022;

USFWS 2023a). Chrysemys picta bellii co-occurs with
A. marmorata in western Washington south to the middle
of the Willamette Valley, Oregon, and appears to be more
abundant than A. marmorata in the Portland area and
along the Columbia River in northern Oregon (Gordon
1939; Evenden 1948; Gervais et al. 2009; Holley 2021;
Guderyahn 2025).

Habitat and Ecology. — Actinemys marmorata
requires a combination of aquatic and terrestrial habitats
to complete life-history functions. Foraging, courtship,
and mating occurs in the water, nesting occurs on land,
and overwintering may occur on land or underwater. Due
to its use of aquatic and terrestrial habitats along with its
central trophic position, the species provides important
ecosystem services to habitats it occupies through energy
flow, nutrient cycling, and bioturbation (Ernst and Lovich
2009; Lovich et al. 2018). The species occupies a variety
of permanent and intermittent aquatic habitats, including
rivers, streams, lakes, natural ponds, vernal pools, coastal
marshes, estuaries, and human-constructed environments
such as irrigation canals, reservoirs, and ponds associ-
ated with agriculture, livestock (cattle ponds), logging
operations, and waste-water treatment, and it is capable
of tolerating brackish waters (Germano and Bury 2001,
2009; Buskirk 2002; Germano 2010; Bury et al. 2012b;
Agha et al. 2020; Tu and Trulio 2022; Figs. 7, 8).

Prior to 1800, extensive wetlands extended across
much of the lowland range of A. marmorata. The Central
Valley of California had lakes, meandering rivers, and
marshes covering at least 787,000 ha (Harding 1960;
USFWS 2015). Large marshes in the Willamette Valley
and Klamath Basin of Oregon have historical accounts
describing abundant populations of A. marmorata.
Northeastern California had extensive wetlands, includ-
ing Eagle Lake on the Modoc Plateau. West of the Sierra
Nevada, rivers, ponds, and lakes, including Clear Lake in
northern California, supported abundant populations and
some remain as a stronghold for the species. The once
extensive wetlands and back-dune ponds in coastal sand-
dune complexes have been reduced by development. For
the most part, only remnants of former wetland habitats
remain, and arid lands, common to western North America,
separate many of the remaining turtle populations (e.g.,
Germano et al. 2011).

This turtle is most often found where aquatic habitats
have abundantbasking sites, underwater refugia, and stand-
ing or slow-moving waters (Bury et al. 2012b). Aquatic
habitats with access to emergent basking structures are
most likely to support populations (Fidenci 2000), although
if emergent basking sites are absent, turtles will bask on
the shore or vegetation mats. In larger lakes and reser-
voirs, these turtles tend to use near-shore habitats rather
than deeper open waters. In rivers, the species is most
abundant in slower waters (e.g., side pools) that are deep
and have basking sites (Reese and Welsh 1998a). Along a
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Figure 8. Actinemys marmorata uses a wide variety of aquatic habitats, including: (top left) larger bodies of water, such as lakes and
reservoirs, Klamath County Oregon; (top right) larger rivers, often with rocky substrates, Josephine County, Oregon; (bottom left) in
shallow pools of creeks and rivers, Trinity County, California; and (bottom right) floodplain ponds and marshes, Stanislaus County,

California. Photos by Don T. Ashton.

western Oregon river, turtles were clumped at only a few
sites (Bury et al. 2012b; Horn and Gervais 2018). Turtles
in streams often reside in pools where there is deeper
water for escape from terrestrial predators and a lack of
swift currents. Turtles aggregate in these microhabitats
at densities often several times greater than in swifter-
moving sections of flowing waters (Bury 1972a). Along
anorthern California stream, there was a high correlation
between turtle abundance and the number of basking sites
such as logs or boulders (Bury 1972a).

In marshes and wetlands, emergent basking sites may
include mats of vegetation or mud banks. Along the coast,
Actinemys species have been observed in tidal marshes,
brackish sloughs, and estuaries (Stebbins 1954; Neill
1958; Agha et al. 2018a,b, 2019). In tidally influenced
coastal areas, 4. marmorata appears to modify its behavior
to temporarily tolerate salinity of 15 parts per thousand,
which exceeds the tolerance of a conspecific population
of turtles residing in nearby freshwater habitats, although
extended exposure times (>2 weeks) resulted in weight
loss (Agha et al. 2019).

Individuals may spend a considerable portion of each
year on land. Based onradio-tracking studies, some turtles

remain out of water for more than halfayear (Reese 1996;
Reese and Welsh 1997; Zaragoza et al. 2015; Purcell et
al. 2017). Because much of the range of A. marmorata
is in a Mediterranean climate (mild, wet winters; dry,
hot summers), many natural watercourses and ponds are
intermittent or exhibit greatly reduced waters in summer.
When ponds and streams become dry, turtles may aesti-
vate in upland areas (Bondi and Marks 2013; Purcell et
al. 2017). Similar behavior has been documented for the
congener to the south, 4. pallida (Rathbun et al. 2002;
Pilliod et al. 2013; Germano et al. 2026).

The species is adapted to cope with natural drought
cycles (Germano, in press), although prolonged drought
can result in high mortality (Leidy et al. 2016; Purcell et
al. 2017). Synergistic effects of prolonged drought and
wildfire indirectly resulted in mass mortality in a popu-
lation of the congener, A. pallida (Lovich et al. 2017).
Physiological studies are needed to confirm if there is
a slowing of metabolism during aestivation periods, as
there is with overwintering dormancy (Ultsch 2006). Adult
turtles can also travel considerable distances across ter-
restrial habitats, in excess of 1 km, to reach disconnected
aquatic habitats (Reese 1996; Purcell et al. 2017).
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Figure 9. Actinemys marmorata occurs in a wide variety of altered aquatic habitats, including: (top left) a modified canal between a
railroad levy and highway, Klamath County, Oregon; (top right) a large wetland managed for water storage, Goose Lake, Kern County,
California; (bottom left) a stock pond for cattle in the Sierra Nevada foothills, Madera County, California; and (bottom right) a waste-
water treatment facility, Fresno County, California. Photos by David J. Germano, except bottom left by Don T. Ashton.

Predators. — A diverse array of native animals is
known to prey upon 4. marmorata, and there are many
suspected predators that lack documented observations.
Eggs, hatchlings, and smaller turtles are most suscep-
tible to predation, but adults are also taken. Mammalian
predators known to consume eggs or turtles include the
Northern Raccoon (Procyon lotor), Gray Fox (Urocyon
cineroargenteus), Coyote (Canis latrans), Black Bear
(Ursus americanus), Western Spotted Skunk (Spilogale
gracilis), Striped Skunk (Mephitis mephitis), and North
American River Otter (Lontra canadensis) (Bury 1972a;
Manning 1990; Studebaker 2008; Rose et al. 2023). Even
when nests are protected by exclosure cages, eggs and
neonates in the nest chamber may fall prey to subterra-
nean predators such as rodents (Alvarez 2021), insects,
and possibly snakes. The Virginia Opossum (Didelphis
virginianus) is a suspected predator of 4. marmorata nests;
this non-native predator was introduced to the western
states a century ago and is now widespread, especially
across human-occupied landscapes (urban, suburban, and
rural), and is considered naturalized in the West. Native
California Red-legged Frogs (Rana draytonii) are capable
of'eating hatchling and small A. marmorata, as they ingest

large prey such as mice, voles, and small garter snakes
(Dodd2013); however, there are no reported observations
or evidence of this to date in diet studies (e.g., Hayes and
Tennant 1985; Bishop et al. 2014).

Several native avian predators eat young Actinemys,
including observations of a Great Blue Heron (Ardea
herodias) eating small turtles (Niemela and Bury 2012)
and a Great Heron (4rdea alba) consuming a hatchling
(Germano and Buchroeder 2018). Other suspected avian
predators include Osprey (Pandion haliaetus), Common
Raven (Corvus corax), and American Crow (Corvus
brachyrhynchos). Corvids are known to opportunistically
feed on hatchling turtles and eggs (Moldowan 2023), but
direct observations of corvids feeding on 4. marmorata
are lacking.

Various invertebrates including crayfish (Order De-
capoda), and giant water bugs (Order Hemiptera, family
Belostomatidae) are known to prey upon hatchlings of
other freshwater turtle species (Bradsell et al. 2002;
Ohba2011), but predation on A. marmorata hatchlings by
these invertebrates has not been reported. Ants, beetles,
and other insects have been found consuming hatchlings
in the nest chamber, but it is unclear whether the insects
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were scavenging on dead hatchlings or were the cause of
death (U.S. Army Corps of Engineers, unpubl. data).

Introduced aquatic predators may pose a threat in some
locations. American Bullfrogs (Lithobates catesbeianus;
formerly Rana catesbeiana) are predators on young turtles
(Moyle 1973; Nussbaum etal. 1983; Nicholson etal. 2020),
but their effect on populations is not well understood
(Germano et al. 2026). Largemouth Bass (Micropterus
salmoides) is implicated as a threat to recruitment of young
A. marmorata (e.g., Manzo et al. 2021; USFWS 2023a,b)
butthere is no direct evidence of such predation (Rosenberg
et al. 2009; Germano et al. 2026). Invasive predators are
further discussed in the Threats to Survival section.

Diet. — The species feeds primarily in aquatic
environments and is considered omnivorous, although
animal material usually constitutes most of the diet (Ernst
and Lovich 2009). Foods may include a wide variety of
invertebrates, vertebrates, and plant materials. Its diet
consists of the larvae of dragonflies, mayflies, stoneflies,
caddisflies, midges, beetles, and other insects, annelids,
mollusks, crayfish, and other aquatic invertebrates (Bury
1986; Karres 2016). Native fishes and amphibians (eggs,
larvae, and adults) are also eaten, but these are seldom
found in the diet (<10%; Bury 1986; Wilcox 2019).
Vertebrates may be scavenged when dead or weakened
(Evenden 1948; Bury 1986; Karres 2016; Peek et al.
2021). Further, turtles may eat small to large amounts
of vegetation, including filamentous green algae, tule,
cattail roots, alder catkins, and water lily pods (Evenden
1948; Bury 1986). Males appear capable of consuming
slightly larger prey items than females, while females were
more likely to consume plant materials than males (Bury
1986). Turtles can employ neustophagia (gape-and-suck
feeding) to obtain small prey items in the water column
(Bury 1986). In the wild, this mode of feeding has been
observed in the congener, 4. pallida, for consuming
Daphnia species (Holland 1985a).

Behavior. — Although they may be conspicuous
during atmospheric basking, individuals of 4. marmorata
are usually wary and most individuals rapidly depart from
basking sites when they see or hear people. However, they
can become habituated to repeated disturbances such as
recreational rafts floating downriver or cars crossing over
abridge. Thus, habituated individuals may only flush when
something unusual happens; a car stops or a raft turns to ap-
proach them. Emergentbasking sites (logs, boulders, banks)
can become crowded with turtles and, at these times, turtles
may display aggressive interactions (pushing, open-mouth
gestures, biting) among all size and sex classes (Bury and
Wolfheim 1973). Similar behavior has been reported for
the congener, 4. pallida (Holland 1985b). When resting or
hiding, turtles often seek underwater refuge beneath boul-
ders, large woody debris, root masses, or undercut banks
where they often wedge themselves into crevices or hide
in the substrate. Turtles disturbed in shallow water often
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remain motionless, attempt to hide in floating vegetation
or may dig into soft substrates (e.g., sand, organic debris).
Turtles are usually observed during the day, but nocturnal
basking, foraging, and nesting movements may occur during
the summer (McKnight et al. 2023; S. Cross, pers. comm.;
Ashton and Bury, pers. obs.).

Actinemys marmorata has a relatively small home
range, although longer movements do occur on occasion.
In a California stream during one summer, males had a
home range that averaged 1 ha of water surface, while
the home range size of females averaged only 0.3 ha and
juveniles 0.4 ha (Bury 1972a, 1979). Movements up and
down this stream (based on mark-recapture from one
summer to the next) differed between sex and age class
(mean values): males, 367 m; females 149 m; juveniles
145 m.

Adults occasionally move long distances within or
among watercourses; a few turtles moved over 1 km in
a three-year period, and one marked turtle moved more
than 1.5 km in a two-week period (Bury 1972a). A mark-
recapture study on two forks of a large river in northern
California spanning two decades showed 80% ofrecaptures
were within 0.5 km of a previous capture location, although
3% ofrecaptures were >2 km away (Ashton, unpubl. data).
This pattern was replicated on both river forks and was
based on 1,201 captures of 298 individual turtles. While
males tended to have greater distance between recaptures
(median recapture distance =217 m) compared to females
(92 m), females had the longest documented distance be-
tween captures, sometimes exceeding 5 km, and included
long round-trip journeys (Ashton, unpubl. data).

Significant overland distances have also been reported
for movements between water sources, for terrestrial
overwintering, and nesting forays. In response to drought,
a female moved 2.6 km overland to a new water source
(Purcell etal. 2017). Overwintering locations >400 m from
water have been documented (Reese and Welsh 1997).
Female nesting distances of >400 m from water also have
been reported (Storer 1930; Holland 1994), although most
nests are found within about 50 m of the edge of the water
(Bury et al. 2012b; Davidson and Alvarez 2020).

Growth and Maturity. — Like most temperate zone
turtles, the age of young A. marmorata can be determined
by counting annual growth rings, or annuli, on the plas-
tral scutes (Bury and Germano 1998; Germano and Bury
1998) (see Fig. 3). Chelonians can exhibit indeterminate
or determinate growth patterns (Congdon et al. 2012;
Omeyer et al. 2018; Edmonds et al. 2021). Actinemys
marmorata appears to follow a determinate growth pat-
tern; as they approach their adult size, deposition of an-
nuli is less discernible, and after maturity, growth slows
considerably, essentially ceasing when an individual
reaches its maximum potential size (Germano 2016, 2020,
2021; Germano et al. 2022). Therefore, mark-recapture is
needed to determine the age of older individuals, as annuli
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counts or body size no longer provide a reliable estimate
of age. Rocky habitats can further reduce the utility of
annuli counts for estimating the age of individual turtles,
as annuli are worn smooth prematurely by the coarse
substrates (Ashton et al. 2015).

Growth rates of 4. marmorata individuals are highly
variable across the range and among different habitat types.
In general, individuals appear to grow more slowly in
northern portions of their range than toward the south, but
there are exceptions due to localized environmental differ-
ences. In Oregon and northern California, turtles deposit
15-16 annuli before growth rings no longer indicate age
(Germano and Bury 2009; Bury et al. 2010; Germano et
al. 2022). In the southern part of the range, 812 annuli
are typically produced before primary growth (10-90% of
growth) slows (Germano 2010,2016,2021; Germano etal.
2022). In two ponds in the Willamette Valley of Oregon,
primary growth took 13 yrs (Germano et al. 2022). Primary
growth took 10—17 yrs in reservoirs, 13—18 yrs in streams
and rivers in southern Oregon (Germano and Bury 2009),
and 13—17 yrs in northern California (Bury et al. 2010).
In the San Joaquin Valley, California, primary growth at
two semi-natural sites on the valley floor took 5-7 yrs
(Germano 2016, 2021) and at a lower foothill reservoir
7 yrs (Germano et al. 2022), but at two sewage treatment
facilities in the valley, primary growth only took 3—4 yrs
(Germano 2010).

Using 120 mm and 150 mm SCL as bench-mark
sizes for A. marmorata, turtles in the Willamette Valley,
Oregon, reached these lengths at 6 and 9 yrs, respectively
(Germano et al. 2022), and in southern Oregon ponds/
reservoirs at 4-9 and 7-18 yrs, respectively, and streams/
rivers at 68 and 11-14 yrs, respectively (Germano and
Bury 2009). In northern California, turtles reached 120
mm SCL at 68 yrs and 150 mm SCL at 11-16 yrs, but
in the Klamath Lake basin of southern Oregon, 120 mm
SCL was reached in only 3 yrs and 150 mm SCL in 6
yrs (Bury et al. 2010). The Klamath Lake Basin is high
desert habitat at about 1,200 m elevation, yet turtles grow
relatively fast, likely because waters are eutrophic (Bury
et al. 2010). In the San Joaquin Valley, 120 mm SCL is
reached in 2-3 yrs and 150 mm SCL at 4-6 yrs at three
semi-natural sites (Germano 2016, 2021), butat 2 yrs and
3-5 yrs, respectively, in eutrophic waters at two sewage
treatment plants (Germano 2010). In northern Califor-
nia, Ashton et al. (2015) found that juvenile growth was
significantly slower in colder waters downstream of a
hypolimnetic release dam versus a warmer free-flowing
fork of the same river, and the colder water resulted in
smaller adult body sizes compared to turtles growing in
the warmer water of the free-flowing river fork.

Male A. marmorata begin to display secondary sexual
characteristics at 110-120 mm SCL, although the age at
which males start producing sperm (becoming mature) has
not been determined for any population. Using the size at

which males can be visually distinguished from females
confidently (120 mm SCL) as a surrogate for maturity, males
generally reach this size in Oregon and northern California
mountains when 7—11 yrs old (Germano, unpubl. data), but
in southern sites, males reach 120 mm SCL between 2 and
3 yrs (Germano 2016, 2021; Germano et al. 2022). In the
Klamath Basin of southern Oregon (in high desert), males
reach 120 mm SCL at about 4 yrs (Germano, unpubl. data),
similar to more southerly populations.

Maturity in females can be approximated by noting
when females start producing eggs. In the Willamette Valley
in northern Oregon, the smallest females with eggs were
154 mm SCL, based on x-ray radiography (Germano et al.
2022), while in the southern portions of the San Joaquin
Valley in California, eggs were detected at 148 mm SCL
at 5-Mile Slough near Fresno (Germano 2021), 144 mm
SCL at sewage treatment ponds near Fresno (Germano
2010), 125 mm SCL at Goose Lake in Kern County (but
the female was 20+ yrs old; Germano 2016), and 145 mm
SCL at a Sierran foothills site (Germano 2020).

The youngest ages of confirmed adult females for
these same sites were 11 yrs in Oregon (Germano et al.
2022) and 4-5 yrs for valley floor sites in the San Joaquin
Valley (Germano 2010, 2016, 2021), but 10 yrs for the
Sierran foothill site (Germano 2020). The sample size
(n = 16) for this foothill site was the smallest of these
southern populations. At the 5-Mile Slough site, 77.8% of
females >145 mm SCL were gravid (Germano 2021), and
at the Goose Lake site, 40.0-63.2% of females >135 mm
SCL were gravid over 11 yrs of study (Germano 2016).
In Trinity County, northern California, gravid females
were at least 132 mm SCL and >9 yrs old (Ashton and J.
Bettaso, unpubl. data).

Holland (1994) noted the smallest gravid female from
northern California was 130 mm SCL and estimated it to
be 10-12 yrs old, and from central Oregon, the smallest
gravid female was 138 mm SCL and estimated to be 12—14
yrsold. Holland (1994) reported the smallest gravid female
observed in Klickitat County, Washington, was 141 mm
SCL and estimated as 12—17 yrs old. In summary, male
sex becomes externally discernible at around 110—120 mm
SCL and 4-6 yrs of age (actual maturity unknown), while
females reach maturity around 130—145 mm SCL and 5-10
yrs of age, with considerable variation across the range and
among individuals.

Longevity. — Long-term data indicate that A. marmo-
rata can live for many decades (Bury et al. 2019, 2023;
Kauffmann and Garwood 2022). In a mark-recapture study
at one site in northern California, only about 5% of marked
adults were recaptured after 30 yrs and only 2% beyond 40
yrs (Bury 1972a; Bury etal. 2019). However, this is an open
population, and many individuals may have moved outside
the study area, which reduces their chance of recapture. One
female in this study was recaptured after 50 yrs (1968 to
2018) and she was 5 yrs old when initially marked; another
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Figure 10. A wild female Actinemys marmorata known to be 49
yrs old based on mark-recapture data. Photo by David J. Germano.

recaptured female turtle was confirmed to be 49 yrs old
(Fig. 10). A radiograph showed that the 55 yr-old female
was carrying nine eggs. A few other individuals originally
marked as adults of unknown age were recaptured 40 yrs
later. Interestingly, the turtles known to be well beyond 40
yrs old appeared in good health with no outward signs of
advanced age (Bury and Ashton, pers. obs.)

Reproductive Biology. — Courtship and mating in A4.
marmorata occur underwater from March to September
(Buskirk 2002; Bury et al. 2012b). Observations of court-
ship behavior in the wild have been recorded in April, May,
and September (Ashton 2007; Bettelheim 2009). Similar
courtship behavior and timing have been described for
the congener 4. pallida (Holland 1988; Goodman 1997a).
Mating can happen almost any time of the active season
but oviposition is strongly seasonal. Ova must be fertilized
prior to calcification of eggshells, which appears to occur
over a period of several weeks or more prior to nesting
(Ashton, unpubl. data). Postcopulatory sperm storage is
common inreptiles (Gistand Jones 1987), including turtles
in general (Congdon et al. 1987; Phillips et al. 2013,2014)
and emydid turtles specifically (Pearse et al. 2001) but has
not been studied in 4. marmorata.

Most nesting occurs from late-May to early July
with the peak of nesting in early to mid-June (Germano
et al. 2012; Riensche et al. 2019). At Goose Lake in the
San Joaquin Valley of California, 33% of females were
gravid in late April, and depending on the year, 57-77%
of females were gravid from May to early July (Germano
2016). Reproduction at this site might last longer, but in
all but one year, water in the basin dried in June or July as
the water district pumped water into agricultural canals.
Also, the percentage of gravid females might have been
higher because capture relied on them entering baited traps
(Germano 2016), which did not necessarily mean a female
would be caught multiple times in any one year.

Nesting occurs on land, generally above the normal
high-water level. Females tend to seek out open areas for
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Figure 11. Eggs of Actinemys marmorata are elliptical-oval and
symmetrical in shape (not tapered). Trinity County, California.
Photo by James B. Bettaso.

nesting with few or no shrubs and trees nearby (Rathbun et
al. 1992; Holland 1994; Bury et al. 2012b; Davidson and
Alvarez 2020), but nesting has been observed in areas with
understory and overstory vegetation in Lake County, Cali-
fornia (Bettelheim et al. 2006). Females are noted for long
overland treks to nest, moving as far as 400 m away from
water and up to 90 m in elevation (Storer 1930); however,
most nests are found within 50 m of water (Holland 1994;
Bury et al. 2012b; Davidson and Alvarez 2020). In the
San Francisco Bay Area, Riensche et al. (2019) found that
females nested an average of 24 m from water on south-
facing slopes, but did not find evidence of nest fidelity based
on 15 females tracked with radio telemetry over 5 yrs. For
68 nests at their study site, Davidson and Alvarez (2020)
reported average distance to water of 9.4 m on moderate
slopes (9% average). Combining their nest data with values
from the literature, they calculated a mean distance to water
of 51 m for 505 nests (Davidson and Alvarez 2020). Some
females display nest-area fidelity but studies documenting
annual nest location for individual females is limited to a
few years, with no long-term (>5 yrs) studies (Goodman
1997b; Holte 1998; K. Beal, unpubl. data).

Eggs of A. marmorata (Fig. 11) are elliptical-oval and
symmetrical in shape (not tapered) and are 32—42 mm long
and 18-25 mm in diameter (Holland 1994; Ernstand Lovich
2009; Bury et al. 2012b). Their mass ranges from 7-11 g
and the eggshell has a rigid “bone-china” texture, similar
to that of bird eggs (Holland 1994; Bury et al. 2012b). The
eggshells are slightly hydrophilic and cannot withstand
prolonged submersion if they are to remain viable (Feld-
man 1982; Holte 1998).

Eggs of the most common invasive turtles can be eas-
ily distinguished from eggs of 4. marmorata. The eggs of
T s. elegans have an elliptical-oval shape similar to eggs
of A. marmorata, but the shell has a softer semi-flexible
parchment texture that yields to light pressure (Ernst et al.
1994; Ashton, pers. obs.). The eggs of C. serpentina are
spherical with a flexible shell, resembling a soft ping-pong
ball (Yntema 1970).

Clutch size in emydid turtles is positively correlated
with body size (e.g., Congdon and Gibbons 1985; Cong-
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don and van Loben Sels 1991) and this appears to be the
case for 4. marmorata (Holland 1994; Bury et al. 2012b).
Mean clutch size may also vary depending on geographic
location, environmental conditions, and availability of
resources to females. Average clutch size in Washington
was 6.5 eggs (range 5—10; n=9) (Holland 1994), 6.0 eggs
(5-8; n = 11) in northern Oregon (Germano et al. 2022),
7.0 eggs (2—12; n = 57) from a west-central Oregon site
(Holte 1998), and 7.3 eggs (4-9; n =4) in southern Oregon
(Feldman 1982). Storer (1930) reported clutch sizes for
two nests in northern California as seven eggs near Ukiah
and nine eggs from Lower Klamath Lake, California. In
the Klamath Basin in far southern Oregon, the mean was
10.0 eggs (7-13; n = 3); and from Whiskeytown National
Recreation Area in northern California the mean was 5.3
eggs (5-6; n=13) (Germano and Bury, unpubl. data). In the
Central Valley of California, Storer (1930) found 11 eggs
in a nest near Davis and eight eggs in a nest near Modesto.
Average clutch sizes in San Joaquin Valley sites were 7.4
eggs (6—-10; n = 6) (Germano 2021), 8.2-8.5 eggs (3—13; n
= 58) from two sewage treatment plants (Germano 2010),
7.3 eggs (6-9; n = 6) at a Sierran foothill site (Germano
2020), and 7.0 eggs (4—11; n = 113) at Goose lake in the
southernmost part of the range (Germano 2016). Overall,
average recorded clutch size in 4. marmorata is 7.3 eggs
(2-13; n = 274) across its range.

The number of clutches a female produces per year
is variable and, as for the number of eggs, may depend on
body size, resource availability, and site conditions. A single
clutch per year may occur, but when resources are scarce,
females may skip nesting in some years (Holland 1994).
More than one clutch within a year by a female may be
rare in northern populations (F. Slavens, unpubl. data), but
to the south, multiple females have been shown to produce
two clutches in one season in the Central Valley of Cali-
fornia (Germano 2010, 2016; Germano and Riedle 2015).
Evidence of nesting in consecutive years, alternate years,
and double-clutching is also reported for the congener, A4.
pallida (Goodman 1997a,b).

Incubation duration ranges from 73—132 days under
artificial conditions (Lardie 1975; Feldman 1982). Christie
and Geist (2017) reporta similar incubation period (75—134
days) from mixed natural and laboratory settings. Incubation
duration was influenced by nest temperature, with longer
durations at lower temperatures (Geist et al. 2015; Christie
and Geist 2017). Eggs hatch in late summer. Hatchlings
tend to overwinter in the nest chamber and emerge the
following spring, although fall or winter emergence may
occur occasionally at some locations (Reese and Welsh
1997; Holte 1998; Rosenberg and Swift 2013). Similar
variability in hatchling emergence is seen in the congener
A. pallida (Rathbun et al. 2002) and other North American
freshwater turtles (Ultsch 2006; Janzen etal. 2018). Timing
of emergence from the nest needs further study, especially
in the southern portion of its range. Rosenberg and Swift

(2013) found that hatchlings may remain near the nest for
up to two months after emergence, slowly moving from
the nest to water with an average travel time to water of
49 days.

Temperature-Dependent Sex Determination. — Nest
chamber temperature during egg development affects
sex determination in many species of chelonians (Vogt
and Bull 1982; Krueger and Janzen 2023). Studies of
temperature-dependent sex determination (TDSD) have
shown that A. marmorata eggs have a pivotal incubation
temperature around 29°C with an equal number of male
and female hatchlings produced. Eggs incubated at higher
mean temperatures resulted in a higher proportion of fe-
male hatchlings. Constant incubation temperatures >30°C
produced all females, while temperatures <27°C produced
all males (Ewert et al. 1994; Geist et al. 2015; Christie and
Geist 2017).

In the field, there are high levels of daily temperature
fluctuation in natural nests with most varying >20°C in a
consistent diurnal pattern, with extreme temperatures com-
monly below 20°C at night and often exceeding 40°C in
the afternoon (Geist et al. 2015). In the wild, egg viability
was reduced by 50% as maximum nest temperatures ex-
ceeded 40°C and by 90% above 45°C (Christie and Geist
2017). In captivity, eggs incubated at a constant 31°C
showed reduced hatching success (Gordon 2009). Incuba-
tion temperature also appears to have a strong influence
on hatchling metabolic rate and growth rate, but maternal
mass also plays an important role (Dallara 2011; Gallanty
2021). Moststudies on the effects of incubation temperature
of A. marmorata eggs were conducted with eggs collected
from, or nests monitored at, a single site in Lake County,
northern California (Gordon 2009; Dallara2011; Geistetal.
2015; Christie and Geist 2017; Gallanty 2021). An earlier
study (Ewertetal. 1994) used eggs collected from northern
California and southern Oregon, so it may be informative
to repeat this type of study in other parts of the species’
range. However, Ewert et al. (1994) suggested there may
be little variability in pivotal incubation temperature within
a species relative to differences observed between species.

Population Structure. — Populations seem to have a
high proportion of adult turtles (>120 mm SCL; Germano
and Bury 2001, 2009; Bury et al. 2010; Germano 2016).
The percentage of juvenile turtles (<120 mm SCL) in
ponds and reservoirs in southern Oregon ranged from a
low of 12% to a high of 58%, and for streams and rivers
from a low of 17% to a high of 30% (Germano and Bury
2009). At six lentic sites (including a reservoir) in Trinity
County, northern California, Sloan (2012) found that 20%
were <125 mm SCL.

The relative proportion of turtles >20 yrs old in most
populations is much lower than expected based on body size
(Germano and Bury 2001,2009; Bury etal. 2010; Germano
2016). Age distributions at these same sites showed up to
88% of turtles in ponds and reservoirs could be assigned
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an age, and as high as 36% of these turtles were <4 yrs old,
and from streams and rivers up to 57% of turtles could be
assigned an age and 9% of these were <4 yrs old (Germano
and Bury 2009). From three sites in northern California,
19-45% of the turtles were juveniles; up to 61% of the
turtles could be assigned an age and up to 18% were <4
yrs old (Bury et al. 2010). Of turtles captured along the
Russian River (including a temporary reservoir) in Sonoma
County, California, 27% were 0-5 yrs old, 31% were 6—11
yrsold, and 42% were>11 yrs old (Cook and Martini-Lamb
2004). At six lentic sites (including a reservoir) in Trinity
County, northern California, Sloan (2012) found that 24%
could be assigned an age <10 yrs old.

In the southern part of the range, high proportions of
young turtles are present at many sites. At a site on the San
Joaquin Valley floor surrounded by irrigated agriculture,
34% of turtles were juveniles in 1999 and 37% in 2009
(Germano 2021); 84% of captured turtles had visable an-
nuli and could be assigned an age by annuli count and, of
these turtles, 61% were <5 yrs old in 1999 and 98% could
be assigned an age with 94% being <5 yrs old in 2009
(Germano 2021). Goose Lake at the southern end of the
San Joaquin Valley was studied for 12 yrs with over 730
turtles marked, and 42% of first captures were juveniles.
Ages could be assigned to 76% of these first captures and
56% were <5 yrs old (Germano 2016). Of these youngest
turtles, 24% were 2 yr-old turtles, although only 20 hatch-
lings were caught in the 12 yrs of the study. In contrast,
at two sewage treatment plants in the San Joaquin Valley,
only 6-7% of turtles were classified as juveniles; 44—48%
of turtles could be assigned an age by annuli count and of
these, 25-31% were <4 yrs old (Germano 2010). Throughout
the range of A. marmorata, we have caught few hatchlings
and 1-yr-old turtles, even though high numbers of 2-yr-old
and older turtles are captured. Thus, hatchlings and 1-yr-
old turtles are under-represented by our methods (mostly
trapping but also hand-capture).

Sex ratio tends to be close to I M: 1F in natural settings,
although significant deviations have been reported. Many
A. marmorata populations that we have studied away from
urban centers consist of relatively equal numbers of males
and females (Germano and Bury 2009; Ashton et al. 2015;
Germano 2020, 2021), while some sites show skewed sex
ratios. Germano (2016) reported a sex ratio of 2.3M:1.0F
(n ="737). Bury et al. (2010) studied four separate areas
in northern California and southern Oregon; three of these
areas had sex ratios that were not significantly different
from 1M:1F (combined n = 215), but one population was
skewed towards females (0.6M:1.0F, n = 105).

Using a combination of museum specimens and
contemporary data, Nicholson et al. (2020) suggested a
sex ratio near 1M:1F in the early part of the 20th century
with a shift towards male-biased populations in the past
20 yrs. In their analyses using data for A. marmorata and
A. pallida combined, they found that proximity to roads
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and road density surrounding turtle-occupied waters was
correlated with male-biased sex ratios, presumedly due
to road mortality of females during nesting movements
(Nicholson et al. 2020).

Generally, annual survival is relatively high for adults
and larger juveniles (>80 mm SCL), but survival of eggs,
hatchlings, and smaller juveniles can be quite low (Bury
1979; Holland 1994; Bury etal. 2012b; Pramuk etal. 2013;
Gregory et al. 2024a). Adult annual survival of emydid
turtles is often >80% and can exceed 90% (Iverson 1991;
Litzgus 2006; Ruane et al. 2008). At a tidal marsh area at
San Francisco Bay, California, annual survival of 4. mar-
morata varied from 77% to 96% (Agha et al. 2020). Mean
annual survival estimates at a site in the Central Valley of
California was 81% for males, 73% for females, and 84%
for juveniles >80 mm SCL (Germano 2016). This infor-
mation points out the importance of long-term studies on
Actinemys and other chelonian species. Management plans
to maintain or recover populations should span decades to
account for delayed population responses of these long-
lived animals with slow population changes.

Thermoregulation. — As a heliothermic organism, A.
marmoratauses a variety of thermoregulatory behaviors to
harness radiant and convective heat energy from the sun.
The activity cycle of A. marmorata s largely determined by
temperature (Bury 1972a; Reese and Welsh 1998b; Ruso et
al. 2017). Turtles are most active when water temperatures
are above 15°C. During atmospheric basking, adult turtles
elevate and maintain body temperatures near 32°C through
a repertoire of thermoregulatory behaviors (Bury 1972a,
1979). They expose the shell to direct sun for heating, then
may dunk the head, limbs, or entire body in water for cool-
ing. Turtles often rotate the body axis, extend or retract the
head and/or limbs, and change diurnal patterns of basking
to optimize solar exposure. In northern California, most
atmospheric basking occurs early in the day (0900-1100
hrs) when water temperatures are low (Bury 1972a). Amount
of time spent basking out of water can vary widely, even
in the same watershed (Ruso et al. 2017).

Actinemys marmorata also engages in aquatic basking
by moving into warmer water within or on top of submerged
vegetation, algal mats, or in shallow waters. The amount of
time spent basking out of water declines as water tempera-
ture increases (Bury 1972a; Horn and Gervais 2018) and
turtles may remain in the water during hot summers (Bury
et al. 2012b), which can result in development of colonial
protozoa or filamentous algae on the shell (Germano 2000;
Bury et al. 2015). Individuals of the congener 4. pallida
are known to raise their body temperatures by seeking
warm dry sand on a sandbar (Rathbun et al. 2002). Turtles
may be active year-round in warmer areas, but at reduced
levels in late fall and winter. Turtles have been observed
emergent-basking on warm days in February and have even
been seen and radio-tracked moving under the ice in central
Oregon (Holland 1994). Six turtles were observed moving
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beneath the ice of a frozen pond in northern California on
a cold morning in January (Wilcox and Alvarez 2023).

Overwintering. — Although some animals may be ac-
tive onayear-round basis, most individuals become inactive
in September—November and re-emerge in March—April
(Reese and Welsh 1997). This species displays what can be
called a mixed-mode strategy of overwintering. In lentic
habitats, turtles may overwinter on land, underwater, or in
undercut areas along banks (Holland 1994; Reese 1996;
Riensche et al. 2019). In the congener A. pallida, when
ponds began to dry in the summer or fall, turtles tended to
seek terrestrial habitat for overwintering (Pilliod etal. 2013),
which has also been seen in a coastal stream (Rathbun et
al. 2002).

When inhabiting lotic environments, A. marmorata
tends to leave the watercourse in the fall and moves into
upland habitats, presumedly to avoid risks of winter high-
flow events (Reese and Welsh 1997). Turtles may aggregate
in winter; 43 animals were found in an area of approxi-
mately 1 m? in a pond in western Oregon (Holland 1994).
At terrestrial overwintering sites turtles burrow into leaf
litter (usually under shrubs and trees), under woody debris,
or in mammal burrows, up to 400-500 m from water and
may emerge from these sites to bask on warm days, and
also may move among several overwintering sites over the
course of several months (Reese and Welsh 1997; Bondi
2009; Ashton, unpubl. data). Individuals may return to the
same terrestrial overwintering sites in successive years
(Reese 1996; Bondi and Marks 2013).

Population Status. — Considerable attention has been
given to the status of populations across the range of 4.
marmorata, although a great deal of localized uncertainty
remains and criteria for trends vary widely (USFWS 1993;
Jennings and Hayes 1994; Hays et al. 1999; Thomson et al.
2016; Nicholson et al. 2020; Manzo et al. 2021; USFWS
2023a,b; Gregory et al. 2024a,b). Multiple species status
reviews and conservation assessments have been conducted
(Rosenberg et al. 2009; Hallock et al. 2017; Shaffer and
Scott 2019). These authors all reached similar conclusions,
reporting a general declining trend, with dramatic decreases
near human population centers, while some robust popula-
tions remain in many localities away from urban centers.

Habitat alteration for human uses has dramatically
reduced availability of suitable turtle habitat across large
areas, leading to mild to severe population declines in large
regions of the species’ range, especially in lowlands. In
contrast, some populations in foothills and mountainous
parts of their range may have benefited where streams and
rivers were augmented by stock ponds, log ponds, and other
standing waters created by humans over the last century
(Bury et al. 2012b). The species is depleted in urban areas
and human-dominated landscapes (Fulton etal. 2022). Two
regions in particular show especially marked declines in
abundance and number of populations: the Central Valley
of California and Washington State.

In the Central Valley of California, turtle populations
have been reduced by several factors. Historical collection
for food was substantial in the late 1800s and early 1900s
(Bettelheim and Wong 2022). Then, much of the natural
habitat for the species, especially in the southern portion
(San Joaquin Valley), was converted for human use. Most
of this habitat has been drained or channelized to support
extensive agricultural production, urban and suburban de-
velopment, and transportation corridors. Still, the species
has not been extirpated from the San Joaquin Valley. Some
water bodies in the Central Valley still support relatively
large populations of turtles with population structures that
indicate successful reproduction and long-term stability
(Germano and Bury 2001; Germano 2010,2016,2021) and
amassive system of agricultural irrigation canals serves to
connect otherwise fragmented habitats (Fulton etal. 2022).

In Washington, this turtle had once been found at many
sites around Puget Sound (Johnson 1995; Hays et al. 1999;
Hallock et al. 2017), but there are no earlier estimates of
density (e.g., based on mark/recapture studies). A few
individuals found in outlying areas of Puget Sound in the
1990s may represent translocations (Hays et al. 1999). To-
day, most former populations in Washington appear to have
been extirpated (Bury 1995a; Hays et al. 1999). Along the
southern border of Washington, some populations remain
near the Columbia River (Hallock et al. 2017). Six popula-
tions are known to remain in Washington (two south of Puget
Sound and four along the Columbia River), and these have
been augmented by head-starting. A major head-starting
effort has released over 1,500 turtles in Washington and
they appear to be surviving (Vander Haegen et al. 2009).
Unfortunately, many of these head-started turtles now
appear to have shell disease (Haman et al. 2019), which
may be due to rapid growth of captive-reared juveniles
and subsequent release of turtles with lower bone density.
Although abundance appears to be increasing slowly, vi-
ability of these Washington populations is still dependent
on active management (Hallock et al. 2017).

In its core area of southern Oregon and northern Cali-
fornia, a few populations can reach high densities. Bury
(1979) reported densities of approximately 420 turtles/ha
in a stream population. Some small ponds or streams may
have high densities of turtles (Holland 1994), but context
is important, as high counts may reflect seasonal concentra-
tions of turtles due to contraction of water bodies during
late summer and early fall (Storer 1930; Bury 1972a; Bondi
2009; Bondi and Marks 2013). The largest populations of
A. marmorata occur in areas with Mediterranean climate,
where summers are hot and dry with much of the annual
precipitation falling in winter. These conditions can result
in scarce surface water during the primary activity period
of the species, due to increased evaporation rates and lack
of precipitation during a long, warm, dry season. In most
areas, the species occurs in disjunct populations over large
areas (e.g., aggregations of turtles along segments of riv-
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ers and streams, often separated by segments with few
or no turtles, or in isolated ponds and lakes separated by
landscapes unsuitable to this semi-aquatic turtle).

Threats to Survival. — Throughout the range of 4.
marmorata, there are many factors with the potential to
threaten the persistence of populations, that may ultimately
result in local and regional declines or extirpations. Still,
turtles have evolved strategies for populations to endure
and persist over time while facing many natural threats,
including predation, drought, floods, and wildfire, although
these threats have been exacerbated by human activity over
the past two centuries and as new human-caused threats
have emerged. The level of threat by factor has changed
over time; early on, commercial harvest and habitat con-
version for agriculture and development had the largest
effects on populations. Newer emerging threats include
invasive species and climate change. Level of threat for
any given factor is not uniform across the range, but for
many factors the level of threat increases with proximity
to urban centers.

Collection. — Historically, A. marmorata was col-
lected for food or pets in significant numbers, but these
practices have been greatly reduced in recent decades.
In the 19th and early 20th centuries, A. marmorata was
exploited for food (Storer 1930; Buskirk 1990; Bettelheim
2005; Bettelheim and Wong 2022). Harvest began as early
as the 1860s (Lockington 1879) and collecting efforts in
the 1880s included the use of a small schooner operated
on Tulare Lake (now a groundwater recharge facility and
croplands) in the San Joaquin Valley of California. In a
review of historical commercial harvest records, Bet-
telheim and Wong (2022) report a single-year harvest
for 1895 exceeding 42,000 kg (94,000 lbs), consisting
of approximately 63,000 turtles, with many of these
turtles destined for San Francisco markets (Smith 1895).
Records of the U.S. Bureau of Fisheries indicate that the
catch peaked at the end of the 1890s but commercial trade
continued until at least the 1930s, exacerbating population
declines caused by habitat loss and other factors. Com-
mercial overharvest of this species closely follows the
pattern noted for the California Red-legged Frog (Rana
draytonii), which also was taken for food (Jennings and
Hayes 1985).

Collection for the pet trade or opportunistic collection
for personal pets may have had localized impacts, but there
is little information on the extent of this threat. Collection
for pets isnow prohibited throughout the range of A. marmo-
rata and it is presumed to have declined in recent decades;
however, we found some online postings for “captive-bred
Western Pond Turtles for sale” including small turtles, but
their origin may be suspect. It is illegal to sell turtles <10
cm (4 in) in the United States (USFDA 1975; USCDC
2015; reviewed in Montague et al. 2022). Although there
are no reliable estimates of the total take for pets, in the
early 1960s one of us (RBB) was asked by a reptile dealer
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to help collect this species. When asked for a number to
collect, the dealer replied that they had just exported 500
turtles to Europe and needed that many additional turtles
to fill orders. Collection for scientific purposes is limited
and regulated and mostly associated with collection of eggs
for head-starting or authorized translocations (e.g., moving
turtles out of an active construction zone).

Habitat Alteration. — Habitat conversion and altered
hydrology are major threats to A. marmorata populations,
historically and currently. Draining of wetlands for develop-
ment and conversion for agriculture has greatly reduced or
eliminated habitats used by turtles. Massive water develop-
ment projects have changed the location, flow, and use of
water across much of the range of this species, particularly
in the Central Valley and adjacent foothills of California
and the Willamette Valley of Oregon.

In California, extensive turtle habitat was lost with
the draining of Tulare Lake, Buena Vista Lake, and Kern
Lake in the southern San Joaquin Valley and the surround-
ing marshes and sloughs for conversion to agricultural
uses (Harding 1960; Dahl and Allord 1996). Construction
of dams that divert water to cities and agricultural fields
alter hydrologic regimes, reducing floods and allowing
for encroachment by riparian vegetation along rivers.
This, in turn, promotes development of berms leading to
down-cutting of the channel and faster flows, reducing
availability of suitable turtle-rearing habitat (Reese and
Welsh 1998a,b). Hypolimnetic releases from dams result
in cooler summer water temperatures, which reduce turtle
growth (Ashton etal. 2015; Snoveretal. 2015). Reservoirs
with large seasonal drawdowns inhibit growth of aquatic
vegetation and associated invertebrate populations that
are prey for turtles (Bury et al. 2012b; U.S. Army Corps
of Engineers, unpubl. data). Responses of this turtle to
changes in reservoir habitat during drawdown varies with
size and depth of the water body, drawdown profile, cover,
and other factors. Also, recreational activities often associ-
ated with reservoirs (e.g., fishing, boating, water-skiing,
and swimming) cause disturbance to normal behavioral
routines of the turtles and may increase stress and reduce
fitness. Further, reservoirs may support proliferation of
invasive species to the detriment of native turtles.

On the other hand, reservoirs can provide large areas
of lentic habitats suitable for turtles, with the potential for
greater carrying capacity than pre-dam fluvial environ-
ments. A population of 4. marmorata in Whiskeytown
National Recreation Area, a large reservoir in northern
California, had many turtles and they had a balanced age
distribution with some young turtles, indicating recent
recruitment (Bury et al. 2010). This large reservoir usually
has a stable water level in summer. Small impoundments
with permanent or intermittent water are also inhabited by
turtles, and population densities can be high, particularly if
vegetation (e.g., trees, tules, cattails) and basking sites are
allowed to become established along shorelines (Cook and
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Martini-Lamb 2004; ODFW 2015). Elimination of water
bodies reduces habitat availability for this species.

Roads. — Turtles are negatively impacted by roads in
many regions (Steen et al. 2006; Brehme et al. 2018; Boyle
et al. 2021). Female A. marmorata travel on land when
moving to and from nesting areas, and females, males,
and juveniles may all move between aquatic habitats or to
terrestrial overwintering sites (Bury et al. 2012b). Roads
can create dispersal barriers, fragment habitat, and increase
the risk of exposure to contaminants (e.g., oil spills, road
surface runoff), invasive species introductions, collection
or poaching, and direct mortality through collision with
vehicles, which may in turn lead to skewed sex ratios.

Based on correlations, Nicholson et al. (2020) showed
increasing male-biased sex ratios as proximity to roads
and density of roads increased, suggesting female-biased
road mortality. The effect of the roads may depend on
road configuration and orientation to occupied habitats. A
population of A. marmorata at 5-Mile Slough in the San
Joaquin Valley is directly adjacent to a two-lane state high-
way and supports a large turtle population with abundant
young animals (Germano 2021). Another site adjacent
to a two-lane paved road in the Tehachapi Mountains in
southern California has a population of Actinemys with
many young turtles and females significantly outnumber-
ing males (Germano and Riedle 2015). Further evidence
of the possible significant detriment of roads on nearby
Actinemys populations is needed.

Contaminants. — As long-lived omnivores, turtles
have high capacity for bioaccumulation of contaminants
(Gibbons et al. 2000; Rowe 2008). Chemical contamina-
tion of waterways and water bodies can have direct and
indirect effects on resident turtles. Accidental spills of
contaminants are a persistent issue for waters in the moun-
tainous west because roadways often occur along streams
and rivers (Bury 1972a,b). A diesel spill into a northern
California stream resulted in trophic collapse, with loss
of many macroinvertebrates and fishes; while turtles were
temporarily affected by the chemical contamination, many
ofthe affected turtles were recaptured in subsequent years
(Bury 1972b). Additionally, railways often follow along
watercourses or near shores of waterbodies, posing risk
of large spill events. In a train derailment in 1993 near
Yoncalla, Oregon, the fuel tanks of three locomotives
were punctured, releasing >6,000 gallons of diesel fuel
that heavily impacted 10 km of Yoncalla and Elk creeks
as well as contaminating soils adjacent to the creeks;
negative impacts to turtles were reported (ODFW 1995;
Bury pers. obs.). In 1991, near Dunsmuir, California, a
train accident caused a chemical tank car to fall into the
Sacramento River releasing 19,000 gallons of the herbi-
cide metam-sodium, impacting aquatic life for over 35
km of river and extending into Lake Shasta (Glowaski
2003; Allen et al. 2005); however, they reported no data
on direct impacts to turtles from this spill.

Non-point source exposure poses a risk for contami-
nant bioaccumulation for long-lived turtles with delayed
maturation and low annual fecundity (Rowe 2008). While
it may be difficult to pinpoint the source, pesticides leach-
ing into waters from local applications, or from aerial
pesticide drift, can enter the food chain and accumulate in
the tissues of long-lived turtles (Rowe 2008). Pesticides
have been found in the eggs and bodies of A. marmorata
(Henny et al. 2003). Heavy metals, and especially mercury,
have been detected in A. marmorata blood samples (Meyer
et al. 2013, 2014, 2016). Polo-Cavia et al. (2010) found
that turtles living in a water-pollution control plant in the
Central Valley of California had impaired immune func-
tion, yet they had larger body size and higher body condi-
tion than turtles from natural habitats in nearby foothills,
indicating that body condition is not a good predictor of
immunocompetence. They concluded that studies on the
effects of contaminants may need to look beyond basic
biometric parameters to determine if there is a negative
effect on individuals or populations.

Insomerivers and reservoirs, toxic algal blooms in late
summer into fall have increased due to human addition of
nutrients and agricultural runoff into standing and flowing
waters (e.g., Kudela et al. 2008; Glibert 2020) and may be
exacerbated by burrowing activities of invasive crayfish
(Yamamoto 2010) and perhaps the effects of climate change
(Moore et al. 2008; Chapra et al. 2017; Gobler 2020). The
effectoftoxic algae on 4. marmoratahas notbeen examined;
however, a study on the effect of harmful algal blooms on
Painted Turtles (Chrysemys picta) showed no increased
stress levels but did significantly lower anti-bacterial ca-
pacity following exposure to cyanotoxins (Refsnider et al.
2021). Thus, there may be indirect or delayed effects from
chronic exposure to cyanotoxins which are not immediately
apparent (e.g., Polo-Cavia et al. 2010).

Invasive Species. — Proliferation of invasive animal
and plant species poses a variety of threats to ecosystems
worldwide, including throughout the range of 4. marmorata.
By definition, invasive species have negative ecological
or economic impacts in the new environment where they
are not native (Meshaka et al. 2022), but the impacts may
not be felt equally across ecosystem elements. The Inter-
national Union for Conservation of Nature (IUCN) list of
100 of the Worst Invasive Alien Species (Lowe et al. 2000)
includes species that co-occur with A. marmorata, such as
the Red-eared Slider (7. s. elegans), American Bullfrog
(L. catesbeianus), and Largemouth Bass (M. salmoides).
For A. marmorata, invasive species may impart negative
effects, but in other cases, the effects may be neutral, or
even positive (e.g., as a food source). Negative impacts
may be direct or indirect, and can arise through preda-
tion, competition, vectoring of parasites and pathogens,
or alteration of habitats or food webs. Additional research
is needed to assess the level of threat that various invasive
species may pose for 4. marmorata. Here we discuss some
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of the invasive species with known or suspected effects on
A. marmorata, or their habitats.

Non-native turtles may pose a threat to 4. marmorata,
especially near human population centers. The invasive
turtle 7" s. elegans now occurs in many locations throughout
the lowland range of A. marmorata in California (Patterson
2006; Thomson et al. 2010; Hayes et al. 2018; Fulton et
al. 2022) and the Pacific Northwest (Bury 1995¢c; ODFW
2015; Bury and Matsuda 2022), with population increases
of'this turtle found predominately near urban and suburban
areas (Spinks etal. 2003; Bettelheim et al. 2006; Nicholson
et al. 2020; Fulton et al. 2022).

Compared to A. marmorata, T. s. elegans has a larger
clutch size (mean 10 eggs; range of 1-18 eggs) and greater
propensity for multiple clutches in a nest season (1-5
clutches per season) resulting in higher annual fecundity
(Iverson 2023). Eggs of T 5. elegans are often larger with
mean length 35.8 mm (range 24.6-44.2), mean width 22.8
mm (range 17.0-27.3; Ernst and Lovich 2009) and their
hatchlings and juveniles grow faster than A. marmorata.
Adult T 5. elegans reach larger body size and compete with
A. marmorata for resources including prey, basking sites,
and nesting habitat. These introduced turtles can alter the
basking behavior of 4. marmorata, causing a shift in bask-
ing location and reduction in time spent basking (Lambert
etal. 2013, 2019).

Mating interference may have bioenergetic impacts
where invasive turtles are present. A mating attempt of a
male A. pallida with a female 7. s. elegans was observed in
southern California (Leatherman and Jennings 2007). Inan
experimental setting, Cadi and Joly (2004) observed mat-
ing attempts by 7. s. elegans with female Emys orbicularis
in France. Currently, we do not know the level of mating
interference by 7. s. elegans with A. marmorata and it has
not been documented in the literature.

Invasive populations of the Snapping Turtle (C. ser-
pentina) occur in California (Bury and Luckenbach 1976)
and Oregon (ODFW 2015; Bury and Matsuda 2022).
Distribution of C. serpentina in Oregon is currently under
investigation by the Oregon Department of Fish and Wild-
life (ODFW 2015; S. Barnes, pers. comm.). Detrimental
impacts of C. serpentina on A. marmorata populations are
suspected but have not been studied. Chelydra serpentina
is most commonly found in habitats near human popula-
tion centers, but is increasingly being detected in more
remote areas, such as the Wild and Scenic Section of the
Rogue River in southwest Oregon (e.g., ODFW, unpubl.
data). Invasive 7. s. elegans and C. serpentina are known
to transfer pathogens and parasites to other turtle species
(Siddall and Desser 2001; Héritier et al. 2017) including to
A. marmorata (Silbernagel etal. 2013; Lambertetal. 2021;
Sim et al. 2021). Some of these pathogens and parasites
are further discussed in the next subsection.

The American Bullfrog, L. catesbeianus, is a large
ranid frog native to eastern North America and now has
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established populations in all states west of the Rocky
Mountains (Dodd and Jennings 2021; Meshakaetal. 2022).
It has been introduced to most countries on four continents
(Adams and Pearl 2007). This ambush predator consumes
awide variety of invertebrate and vertebrate prey. Invasive
populations of L. catesbeianus can impact native species
through competition and predation (Moyle 1973; Bury
and Whelan 1984; Wu et al. 2005). Negative impacts are
reported from other locations (Hays et al. 1999; Woodruff
et al. 2025) or inferred from correlations (Nicholson et
al. 2020). Gut content analyses of L. catesbeianus have
found hatchling turtles at multiple locations in Washington,
Oregon, and California.

Correlative comparisons have suggested that L. cates-
beianus can decrease the proportion of young turtles in a
population (Nicholson etal. 2020). In southern Washington
ponds, removal of L. catesbeianus led to increased numbers
of hatchlings in the turtle population (F. Slavens, pers.
comm.). The successful eradication of L. catesbeianus
from several isolated ponds in the Sierra Nevada resulted
in subsequent detection of hatchling turtles where they had
not been seen in surveys for many years prior to eradication
of L. catesbeianus, and some of the culled frogs contained
hatchling A. marmorata in their gut contents (Kamoroff et
al. 2020; Woodruff et al. 2025). The effect of L. catesbe-
ianus on A. marmorata populations likely varies widely
across the range and the magnitude of the effect may be
influenced by many factors, including habitat type, climate
regime, and food web dynamics.

The impacts of L. catesbeianus on populations of
Actinemys are questioned by some authors (Hayes and
Jennings 1986; Germano et al. 2012, 2026). First, these
invasive frogs co-exist with A. marmorata at many lowland
locations and the turtles are abundant (Germano and Bury,
pers. obs.). There are juvenile turtles in the population
so recruitment is happening. Perhaps the hatchlings and
small turtles remain in vegetation or shallows until larger
size, but we lack information on this critical part of their
life history. Determining population-level effects of L.
catesbeianus on A. marmorata populations would benefit
from long-term and experimental studies.

Largemouth Bass, M. salmoides, is often implicated
as a threat to recruitment of young 4. marmorata (e.g.,
Manzo et al. 2021; USFWS 2023a,b); however, there is no
direct evidence that M. salmoides eat young A. marmorata
(Rosenberg et al. 2009). Controlled experiments with 7. s.
elegans hatchlings showed that M. salmoides would initially
ingest hatchling 7. s. elegans but then spit them out shortly
after ingestion, presumably due to antipredator behaviors
such as clawing or biting by the hatchling (Semlitsch and
Gibbons 1989; Britson and Gutzke 1993; Britson 1998).
Furthermore, after repeated attempts, the bass learned to
avoid the hatchlings.

Other introduced sport fishes, such as Brown Bullhead
(Ameiurus nebulosus), are also presumed predators of
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hatchling turtles, but direct evidence of predation on A.
marmorata is anecdotal. While direct evidence of preda-
tion by introduced sport fishes is limited, or lacking, their
effect on food web dynamics is significant and is likely to
reduce prey availability for hatchling, juvenile, and adult
turtles (Moyle 1973; Hays et al. 1999; Adams and Pearl
2007).

Invasive crayfish species can disrupt aquatic food
webs (Kats et al. 2013; Garcia et al. 2015) and degrade
water quality (Anastacio and Marques 1997; Yamamoto
2010), but they may also provide an abundant food source
for some native species, including 4. marmorata (Karres
2016). The Red Swamp Crayfish (Procambarus clarkii) is
expanding its distribution in the range of 4. marmorata and
is a known prey item of 4. marmorata (Karres 2016), but
it is unknown whether it preys on 4. marmorata hatchlings
(Larsonand Olden2011; Pearletal. 2013). The Virile Cray-
fish (Faxonius virillis) is a recent invader in Oregon and is
known to displace native crayfish, as well as the invasive
P. clarkii, but effects on A. marmorata populations have
not been documented.

Invasive vegetation is also a conservation concern
(Ringold et al. 2008); while numerous plant species may
pose some level of threat, we only list a few examples.
Non-native grasses and other invasive vegetation displace
native plant communities (Cushman and Gaftney 2010) and
canreduce the quality of turtle nesting habitat (e.g., Quack-
grass, Elytigia repens; Johnsongrass, Sorghum halepense),
reduce connectivity between aquatic and terrestrial habitats
(e.g., Reed Canary Grass, Phalaris arundinacea), reduce
hydroperiod (e.g., tamarisk, Tamarix spp.), and alter food
webs (Poff et al. 2011). Invasive plants can also increase
the risk of fire in nesting habitats and riparian zones, includ-
ing grasses (e.g., Giant Reed, Arundo donax; Cheatgrass,
Bromus tectorum; Buftelgrass, Cenchurs cillaris),and trees
including tamarisk species (Dwire and Kauffman 2003;
Lambert et al. 2010). Singly or combined, these impacts
can reduce primary productivity and reduce prey for native
turtles. Removal of invasive vegetation has resulted in harm
to individual turtles during mowing (Alvarez et al. 2017)
and mechanical removal of invasive aquatic vegetation
or dense algae (Alvarez et al. 2021). Effects of chemical
control methods for invasive aquatic vegetation on turtles
are unknown.

Pathogens, Parasites, Commensals, and Symbionts. —
A diverse array of organisms has been reported to use 4.
marmorata as a host, although health impacts from some
of these organisms have not been determined. A fungal-
associated shell disease has received the most attention in
recent years and detrimental impacts have been reported.
In Washington, many 4. marmorata (up to 60%) have
been diagnosed with this shell disease, and almost all of
these were head-started turtles (Haman et al. 2019). This
‘shell-devouring’ condition is hypothesized to be associated
with the recently described fungal pathogen, Emydomyces

testavorans (Woodburn et al. 2019; Hoyer et al. 2023;
Mutlow et al. 2023; Brunner et al. 2024). This fungus has
been isolated from Actinemys and other freshwater turtles
and appears to be related to the fungus Ophidiomyces
ophiodiicola, which causes Snake Fungal Disecase (Wood-
burn etal. 2021). Several recent studies have examined the
underlying infection (Wright et al. 2021; Flaminio et al.
2022; Cerreta et al. 2023; Green et al. 2025).

Infection by E. festavorans is referred to as NWPT
Shell Disease (Haman et al. 2019) or Pond Turtle Shell
Disease (Lambert et al. 2021), and superficially presents
similarly to Septicemic Cutaneous Shell Disease, which
is often found in captive freshwater turtles. Turtles with
loss of keratin on the carapace and plastron were found
in a spring-fed pond near Monterey, California (Lambert
et al. 2021). At this site, E. testavorans was isolated from
T. 5. elegans but not from A. marmorata (Lambert et al.
2021); however, 4. marmorata showed extensive loss of
keratin and other anomalies consistent with Pond Turtle
Shell Disease, while the invasive 7. 5. elegans only showed
superficial signs of disease. The cause for these conflict-
ing results remains uncertain, but the invasive turtles may
have some resistance and yet play a role in spreading this
fungal pathogen to native turtles (Lambert etal. 2021). The
geographic extent of this emerging infectious keratinophilic
fungus is unknown; thus, surveys with testing for surveil-
lance of E. testavorans are needed.

In 1990, an apparent Upper Respiratory Tract Disease
(URTD) occurred at a site in Klickitat County, Washing-
ton, resulting in the death of 35-40% of that population
of A. marmorata. Although the causative agent was not
identified, a virus or mycoplasma was suspected (Hays et
al. 1999). In 1993, multiple 4. marmorata carcasses (n =
42) exhibiting signs of URTD were recovered from a site
in Tehama County, California; but again, the causal agent
was not identified (Holland 1994). A female 4. marmorata
exhibiting signs of UTRD was collected in Eugene, Lane
County, Oregon; the turtle died the next day, and necropsy
concluded that UTRD was the cause of death. Trachemys
s. elegans was present at the Klickitat County and Lane
County sites and may have served to vector the disease
(Holland 1994).

To assess the potential for pathogen introduction
from T 5. elegans to Actinemys species, Silbernagel et al.
(2013) sampled turtles from 10 pond sites in California,
representing northern (n = 3), central (n = 3), and southern
(n = 4) regions of the state. Each region included at least
one pond with both species, and one pond where only
Actinemys was present. Using a combination of methods,
they tested for presence of Ranavirus, Herpesvirus, My-
coplasma, and Salmonella. All T. s. elegans (n = 33) and
all Actinemys (n = 145) tested negative for Ranavirus and
Herpesvirus. Both species of Actinemys as well as T. s.
elegans tested positive for Mycoplasma, with prevalence
lower to the north and highest to the south (Silbernagel et
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Figure 12. Non-native leeches, Placobdella parasitica, using Ac-
tinemys marmorata as host in the Rogue River, Josphine County,
Oregon. (Top) Leeches were sometimes seen on the shell, but
(bottom) they were most often found hidden at the interface of
the skin and shell. Photos by Don T. Ashton.

al. 2013). Enterobacteria were detected in cloacal swabs of
both turtle taxa, but Salmonella was not detected in either
(Silbernagel et al. 2013). Sim et al. (2021) found emydid
herpesvirus in captive A. marmorata co-housed with T.
s. elegans, suggesting the potential for transfer of these
pathogens from invasive turtles. Research into healthy
microbiome constituents and pathogenic mechanisms is
ongoing (e.g., Green et al. 2025).

Internal and external parasites of A. marmorata have
beenreported, but prevalence and distribution are not well
known. Internal parasites include a variety of helminths

Figure 13. Heavy infestation of colonial protozoans, Epistylis
niagarae, (left) on the posterior of Actinemys marmorata, and
(right) close-up of the colonial protozoan. Goose Lake, Kern
County, California. Photo by David J. Germano.
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(e.g., trematodes and nematodes), sometimes with hun-
dreds of specimens in asingle turtle (Ingles 1930; Thatcher
1954). Leeches are common ectoparasites on freshwater
turtles in central and eastern North America, but leeches
that specialize on turtles are only rarely reported using
A. marmorata as a host, and published literature often
lacks confirmed taxonomic identification (Holland 1994;
Bury et al. 2012b; Wilcox and Alvarez 2023). The North
American Smooth Turtle Leech, Placobdella parasitica,
native east of the Rocky Mountains, was collected from T
s. elegans in California (Moser et al. 2005) and has been
identified using A. marmorata as a host in Oregon (Fig.
12; Reilly et al. 2023; Phillips et al. 2025). These blood-
feeding parasites are known to transfer blood parasites
between turtles (Siddall and Desser 2001; Héritier et al.
2017). Health impacts from these parasitic leeches and
potential associated pathogens have not been determined
for A. marmorata.

External commensals include colonial protozoans, such
as Epistylis niagarae, that may attach to some turtles in
warm waters (Fig. 13; Germano 2000). Filamentous algae
can cover the shell partly to fully in some populations,
especially those in warm ponds (Bury et al. 2015). A bar-
nacle (Admphibalanus subalbidushave) was found attached
to a female 4. marmorata inhabiting brackish waters in a
San Francisco Bay estuary, California (Agha et al. 2018b).
The level of impact, if any, from commensal organisms at-
tached to the shell has not been evaluated thoroughly for 4.
marmorata, although colonial protozoans did not seem to
affect individuals at Goose Lake in California (Germano
2000).

Symbiotic bacterial communities are important com-
ponents in the health and/or disease of freshwater turtles.
External and internal bacterial communities have been
described for A. marmorata from a variety of habitats in the
San Francisco Bay Area, with 7. s. elegans co-occurring at
some sites (Lambert et al. 2021; White et al. 2023; Green
etal. 2025). Disturbance to natural symbiotic communities
can lower fitness of the host organism (Petersen and Round
2014; Green et al. 2025).

Climate Change. — Impacts of climate change on
chelonian distribution, species richness, and extinctions
have been predicted globally (Ihlow et al. 2012; Butler et
al. 2016; Butler 2019; Berriozabal-Islas et al. 2020). An
assessment of vulnerability to climate stressors in northern
California rated 4. marmorata as moderate-high based on
sensitivity to climate stressors, projected future climate
conditions and adaptive capacity of the species (Sims et
al. 2019).

Population viability analyses have indicated that a
drying climate in the range of 4. marmorata could severely
impact populations leading to localized extirpations and
eventually extinction (Manzo etal. 2021; USFWS 2023a,b;
Gregory etal. 2024a,b). Sea level rise is expected to increase
seawater infiltration into estuaries, coastal marshes, and
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river mouths, reducing habitat suitability for 4. marmorata
populations living along the coastline (Agha et al. 2018a,
2019).

Actinemys marmoratarelies on aquatic habitats for vital
life-history functions (e.g., feeding, mating) and spends
most its activity period in water. Thus, earlier seasonal
drying of small or ephemeral water bodies reduces time
available for obtaining resources. Changes in precipitation
patterns, including more rain instead of snow at higher
elevations not only effects hydroperiod of streams and
ponds, but may also increase frequency and magnitude of
large flood events. Along rivers and streams in foothills,
occasional high flow events can be beneficial to maintain
nesting habitats and deep pools, but unusually large flood
events can cause direct mortality of eggs and hatchlings
in the nest chamber (Holte 1998) and injure overwintering
adults (Cummings et al. 2022). Flood events may displace
native turtles (Mitrus and Hejduk 2011; Jones and Sievert
2009) and facilitate dispersal of invasive species (Diez et al.
2012). Changes in precipitation patterns will undoubtedly
result in increased pressure on water resources for human
use, with potential for further impacts to turtle habitats in
many regions (Scanlon et al. 2005; Kemp et al. 2015).

Although this species has evolved with periodic
droughts, multi-year droughts can have significant impacts
on populations. Prolonged drought in California from
2012-2016 resulted in high mortality in some Actinemys
populations (Leidy et al. 2016; Purcell et al. 2017), but
not others (Germano, in press). Reduced precipitation
and hotter, drier summers is predicted to increase wildfire
intensity and frequency. Wildfire can cause mortality in
turtles estivating or overwintering in leaf litter in terrestrial
habitats (Bury 2004), although direct evidence of mortality
is limited and largely anecdotal. Further, prescribed burning
to reduce wildfire risk often occurs at times outside of the
natural fire season, when turtles may be overwintering on
land. Potential effects of prescribed fire on 4. marmorata
has received little attention (Russell et al. 1999) but is of
increasing importance as this proactive approach to reduce
wildfire intensity is employed at larger scales to combat
wildfire risks exacerbated by climate change. Wildfire also
affects water quality and food web dynamics downstream,
reducing prey availability for A. marmorata, an effect
further exacerbated by drought (e.g., Lovich et al. 2017).

While Actinemys turtles have evolved strategies to
cope with effects of wildfire and drought, the synergistic
interaction of wildfire effects and prolonged drought may
be beyond the natural capacity for these turtles to endure.
Insights on the interactive effects of drought and wildfire
on Actinemys species are provided by Lovich et al. (2017).
After two years of severe drought and one year after a
wildfire burned the surrounding landscape, Lovich et al.
(2017) found that the water quality was poor, with high
salinity, dissolved solids, turbidity, and alkaline conditions
with low dissolved oxygen, likely due to inputs of ash,

sediments, and nutrients following the fire. Turtles were
covered in a mineral evaporite and exhibited signs of mal-
nourishment and dehydration, and there was an apparent
collapse of the aquatic food web. Two years after the fire
and four years into the drought, resident turtles appeared
to have been extirpated from the site; five discovered turtle
carcasses examined in necropsy showed signs of starva-
tion. Thirty-two turtles in poor condition were collected
and sent to a rehabilitation facility where six of those died
despite veterinary care and 26 turtles were later released
but there was no follow-up monitoring. In some situations,
however, multi-year droughts may not cause irreparable
harm to populations of Actinemys. Atasite in the Tehachapi
Mountains (an intersection of the distributions of A. mar-
morata and A. pallida) in southern central California, the
number of turtles was lower after the 2012-2016 drought,
but females remained reproductive and new turtles were
found, including young, and survivorship of remaining
turtles was high (Germano, in press).

Actinemys marmorata exhibits temperature-dependent
sex determination, with sex of embryos determined during
the middle of incubation, with warmer nest temperatures
producing a greater proportion of females (Christie and
Geist 2017). Predicted increases in spring and summer
temperatures due to changing climate could skew the sex
ratio of emerging hatchlings. Over time, this may skew sex
ratios sufficiently to cause population declines if females
do not compensate by modifying the timing or location of
nesting (Butler etal. 2016; Janzen et al. 2018; Butler 2019;
Krueger and Janzen 2023; Roberts et al. 2023).

Human Recreation and Disturbance Impacts. — Hu-
man activities can have local effects on 4. marmorata
populations. Turtles are sometimes deliberately shot while
basking or are inadvertently caught while fishing (Bury
et al. 2012b). Disruption of basking and nesting behavior
due to recreational activities may have energetic costs;
population-level effects of this type of disturbance are
uncertain.

In suburban and urban environments, where supple-
mental food from human habitations results in artificially
high populations of native or invasive predators, this may
result in increased nest predation (Prange et al. 2003; G.
Rathbun, pers. comm.). This is also an issue in campgrounds
and recreation areas where human activity is often accom-
panied by refuse and food, which can attract and subsidize
native predators, potentially leading to an increased risk of
nest predation by Raccoons, Gray Foxes, Western Spotted
Skunks, and Striped Skunks, as well as suspected predators
of'eggs and hatchlings such as corvids and Opossums. The
presence of humans also tends to drive away larger carni-
vores that would otherwise prey on medium-sized predators
to keep their populations in check. Areas associated with
recreation also have an increased probability of harboring
non-native species, such as intentionally released sport
fishes or unwanted pets, or inadvertently dispersed plants,
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animals, and microorganisms. As discussed above, non-
native species can impact individual turtles and populations
through predation, competition, habitat alteration, disease,
and food web disruption. On the other hand, observation of
native turtles in the wild by recreationists and the general
public can instill a sense of appreciation and foster interest
in conservation (Dupuis-Desormeaux et al. 2022).

Conservation Measures Taken.— Actinemys marmo-
rata is protected by US state laws throughout its range. It is
listed as State Endangered in Washington; Sensitive-Critical
in Oregon, Species of Special Concern in California, and
is considered a Priority Species in Nevada.

Actinemys marmorata has recently (2024) been as-
sessed as Vulnerable (VU A2bcde+4bce, E) on the [TUCN
Red List of Threatened Species, but this has not yet been
officially published (Bury etal., in press). [t was previously
assessed as Vulnerable in 1996 (TFTSG 1996), and also
provisonally assessed as Vulnerable by the IUCN SSC
Tortoise and Freshwater Turtle Specialist Group in 2011
(Rhodin et al. 2018).

Although habitat loss and alteration are the primary
threats to conservation of this species, these state laws may
not confer effective protection of turtle habitat. Indirectly,
various land management provisions provide partial to full
protection of habitat, including waters designated as Wild
and Scenic Rivers, wilderness areas, and state and national
parks.

The species still occurs in some state and federal parks
atlow elevations, including Humboldt Redwoods State Park
(northern California) and Point Reyes National Seashore
(north of San Francisco), and lower elevation protected
areas offer sanctuary near urban centers. National Parks
at higher elevations also provide habitat protection for 4.
marmorata populations, including Yosemite, Sequoia, and
Kings Canyon National Parks. State Wildlife Management
Areas, federal Waterfowl Production Areas, and National
Wildlife Refuges provide some habitat protections to
many wetlands and ponded areas along the Pacific slopes
of western North America.

In Washington, all six known populations are on
lands protected for turtle recovery, either through land-
owner agreements or on lands purchased by Washington
Department of Fish and Wildlife and operated as wildlife
areas (Hallock et al. 2017). However, throughout much of
the species’ range, particularly at lower elevations where
turtles were historically most abundant, protected lands are
fragmented by urbanization, agriculture, and transportation
infrastructure.

U.S. Endangered Species Act (ESA). — Federal listing
may afford habitat protections to support conservation or
recovery of Actinemys populations. In the 1990s the species
was petitioned for listing under the Endangered Species
Act, but it was determined to not be warranted, with the
Service stating that “the Western Pond Turtle does not
meet either the definition of an endangered species or a
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threatened species at the present time” (USFWS 1993).
More recently, a renewed petition to list was filed (CBD
2012)and the US Fish and Wildlife Service determined that
a species status review was warranted (USFWS 2015). As
aresult of this review, USFWS has issued a Proposed Rule
to list both species of Western Pond Turtle as Threatened
under the Endangered Species Act (USFWS 2023a). This
effortincludes the Section 4(d) Rule, where the Service can
specify exemptions for specific activities such as routine
maintenance of waterways and ponds, habitat restoration,
and invasive species management, to be specified in the
Final Rule. Both A. marmorata and A. pallida remain under
consideration for listing as Threatened under a special
review for “Long-term Actions” (USFWS 2025).

If the proposed federal listing as Threatened under
the Endangered Species Act is finalized, prior to initiation
of projects that alter turtle habitat or that may affect the
species, a Section 7 consultation (Federal agencies) must
be conducted, or a Section 10 permit must be acquired if
“take” of the species may occur without a Federal nexus
(i.e., action, funding, or on Federal land). Implementation
of Avoidance and Mitigation Measures will be required.
Follow-up monitoring is strongly recommended.

Conservation Strategies and Plans. — Conservation
strategies to guide protection and recovery of the species
and preservation / restoration of habitats have been imple-
mented in every state where A. marmorata occurs: the
Comprehensive Wildlife Conservation Strategy, Wildlife
Action Plan, and Department of Natural Resources Aquatic
Habitat Conservation Plan in Washington; Conservation
Strategy in Oregon; Wildlife Action Plan in California; and
Wildlife Action Plan in Nevada. Within these four states,
there are numerous county and private Habitat Conserva-
tion Plans. Best Management Practices and conservation
planning documents specific to 4. marmorata have been
developed for Washington (Hays et al. 1999; Hallock et
al. 2017), Oregon (Rosenberg et al. 2009; ODFW 2015),
California (Yarnal 2019), across Department of Defense
facilities (DoD 2020), and range-wide (Bury et al. 2012c;
RCC 2020).

Habitat Restoration and Invasive Species Control.
— Following the curtailment of commercial harvest and
completion of most water control projects (dams, irrigation
canals), habitat alteration remains the primary cause of
contemporary turtle population declines, which is often
coupled with increased pressure from invasive species.
The conservation strategies and plans mentioned above
include protection and/or restoration of physical habitat
and invasive species components. Addition of basking
platforms helps in counts of turtles during visual surveys
(Alvarez 2006), since turtles preferentially select bask-
ing objects away from shore (Bury, pers. obs.). Habitat
restoration projects often aim to control invasive plants
in terrestrial and aquatic habitats to restore natural eco-
logical communities. Cutting, mowing, digging, burning,
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and chemical control are options used depending on the
type and level of vegetative threat and potential impacts
to other ecosystem components.

Management or eradication of American Bullfrogs
has received considerable attention, with past and ongoing
efforts in California (Kamoroff et al. 2020; Woodruff et
al. 2025), Oregon (C. Yee, pers. comm.), and Washington
(Hallock et al. 2017; F. and K. Slavens, pers. comm.). Pre-
liminary data from projects indicate an increase in turtle
recruitment following reduction or elimination of bullfrogs
(Hallock etal.2017; Woodruffetal. 2025). Bullfrog removal
methods include gigging or shooting adults, dip-netting or
trapping tadpoles, and dip-netting of egg masses; usually a
combination of methods has been needed to reduce robust
populations. Sustained effort may be needed to combat re-
invasion, and removal may not be possible across a large
landscape.

Feasibility of such efforts must be considered when
allocating limited funding and staffing for turtle conser-
vation. Also, bullfrogs have ecosystem effects far beyond
potential impacts to turtle populations. Control or removal of
introduced bass, catfish, and other sport fishes has received
less attention, possibly due to the popularity of recreational
sportfisheries. To date, there is little evidence documenting
population-level impacts on Actinemys by these introduced
fishes.

Nest Protection. — Nest predation can be high, with
perceived losses of >90% of the annual cohort at some
locations (Holland 1994). In these situations, protection of
known nests with predator-exclusion cages, or protection
of known nesting areas with fencing, have been employed
as conservation measures at many locations (Holte 1998;
Alvarez et al. 2014; ODFW 2015). These protective mea-
sures have been effective for improving hatching success,
although results of these efforts are often contained in
unpublished reports or unanalyzed data, and efforts such
as these are only feasible at selected sites where resources
are available to detect intact nests, apply exclosures, and
monitor them to ensure release of emerging hatchlings.

Head-start Programs. — Head-starting is the practice
of rearing vulnerable eggs and neonates in a protected
setting to reduce predation risk (Burke 2015). Ongoing
head-start programs for A. marmorata are collaborative
efforts with agencies, universities, zoos, veterinarians,
and local interest groups. Zoos involved in head-starting
programs include Woodland Zoo in Washington, Oregon
Zoo (in Portland, with releases in Washington), and San
Francisco, Oakland, and San Diego Zoos in California
(Geist et al. 2015; Terry 2018; AZA 2019; Yarnal 2019).
Limited head-starting previously occurred in Oregon, but
has been discontinued (ODFW 2015).

In an effort to address steep population declines in
Washington state, a head-starting program was initiated
in 1990 as a joint project with Washington Department
of Fish and Wildlife, Woodland Park Zoo, Portland Zoo,

the Center for Wildlife Conservation, and Bonneville
Power Administration, with eggs collected from the wild.
In 1991, captive breeding was added, starting with nine
adult turtles from Washington and three from Oregon and
was expanded in subsequent years to include additional
turtles from other locations (Hays et al. 1999). Head-
starting in Washington has often been coupled with long-
term monitoring of released turtles (Vander Haegen et al.
2009). Head-start efforts in Washington have released over
1,500 turtles (Hallock et al. 2017), but many head-started
turtles subsequently developed shell disease (Haman et
al. 2019).

Knowledge and experience gained through these pro-
grams provide valuable contributions to science; however,
head-starting to augment or reintroduce populations in the
wild should only be considered as a last resort or as a stop-
gap measure until causes of declines can be determined
and corrected (Burke 2015). Careful, long-term monitor-
ing, including health screenings, of donor and recipient
populations are important elements of head-start programs
(Keller et al. 2012; Buhlmann et al. 2015; Michell and
Michell 2015). Head-starting should only be conducted by
authorized facilities following strict protocols, including
full documentation, health screening, DN A sequencing, and
follow-up monitoring. We point out that there are potential
adverse effects of head-starting (e.g., mixing of gene pools,
introduction of disease) that need to be carefully considered
before head-starting is conducted on other than an experi-
mental basis (Pramuk et al. 2013; Bury 2015; Smith 2015;
Lopez2019; RCC 2020). The long-term survival prospects
of the species must be considered because these actions, if
applied incorrectly, may dilute efforts to effectively protect
and manage wild populations and their habitat (Germano
et al. 2012, 2026). Addressing the causes for population
declines and applying management and restoration actions
to allow for self-sustaining populations in the wild are
preferred over head-starting.

Translocation and Reintroduction. —Transloca-
tion involves moving animals out of harm’s way during
construction or other disturbance activities, or the inten-
tional movement across further distances for population
augmentation. Reintroduction is an effort to establish
populations in locations where they have been extirpated.
Translocation and reintroduction have occurred in Wash-
ington (Vander Haegen et al. 2009; Hallock et al. 2017),
Oregon (Holland 1994), and California (Terry 2018),
either by moving adults or releasing head-started turtles.
There have been attempts to translocate individuals away
from construction projects in California and Oregon, but
the results remain unpublished. It is imperative to rigor-
ously monitor the results of these efforts to evaluate the
potential effectiveness of this mitigation strategy. Some
translocated turtles are known to return to their natal
sites (Ernst and Lovich 2009; Otten et al. 2023; L. Hunt,
unpubl. data), which subjects them to increased stress
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Figure 14. Research is ongoing to aid the conservation of Actinemys marmorata. (Left) Hatchling with radio-telemetry transmitter to
investigate habitat use, Trinity County, California; and (right) Adult female with radio-telemetry transmitter to study overwintering
behavior, Klamath County, Oregon. Photos by Don T. Ashton.

and mortality risk. Further, translocation may mix stocks
of genetically differentiated forms. Earlier attempts to
translocate amphibians and reptiles were frequently
ineffective as conservation strategies (Dodd and Seigel
1991). Translocation and reintroduction efforts with
careful planning and implementation have increasingly
been found to be successful (e.g., Cayot 2021; Rimple et
al. 2024). Future translocations should be coupled with
monitoring to evaluate their effectiveness.

Meetings and Working Groups. — Many meetings
have been organized to discuss the status and conserva-
tionneeds of 4. marmorata. A Western Pond Turtle Group
was established in 1991 to promote communication and
coordinate research on the species. Interested parties
included representatives from federal and state agencies,
several universities, zoos, industry, and private citizens.
Activities waned but were re-energized about 2010. These
efforts have expanded to include three regional Western
Pond Turtle Working Groups in Oregon and a new one
in northern California to support active communication
among various stakeholders in turtle conservation. Or-
egon’s Turtle Working Group holds periodic local meetings
and, in January 2026, hosted arange-wide conference that
included participants from California and Washington to
facilitate regional coordination.

A Western Pond Turtle range-wide conservation co-
alition developed a management strategy to foster a com-
prehensive and coordinated group of stakeholders across
the range of both Actinemys species to manage, conserve,
research, and support the species in perpetuity (RCC 2020).
Sessions on the biology and status of Actinemys have oc-
curred at over halfa dozen annual meetings of The Wildlife
Society, the Society for Northwestern Vertebrate Biology,
and Partners in Amphibian and Reptile Conservation.
Conferences sponsored by The Wildlife Society focused
solely on Western Pond Turtles were held in 2005 and
2015 at Sonoma State University, Rohnert Park, as well
as workshops in 2025 in Oakland and Humboldt County,
California. Smaller, regional workshops on biology and

field methods have been provided at multiple locations in
Oregon and California in recent years.

Standardized Protocols. — A Western Pond Turtle
“handbook” published by Northwest Fauna provides an
overview of sampling considerations and field methods
for all life stages (Bury et al. 2012¢); an update of this
turtle handbook is currently being prepared. Oregon has
released guidelines on how to protect and improve habitat
(ODFW 2015),as well as a visual encounter survey protocol
(ODFW 2020). These results contributed to the Species
Status Assessment prepared for evaluation under the ESA
(USFWS 2023a,b). Local and project-specific sampling
protocols are also found in various reports (e.g., Snover and
Adams 2016). While there have been sustained efforts to
promote use of standardized protocols there remains some
variability among researchers across the extensive range of
this species, so it is important to document and report the
details of methods used to allow for comparisons between
studies, regions, and over time.

Conservation Measures Proposed. — The proposed
ESA listing (USFWS 2023a) supports the implementation
ofactions outlined in existing management strategies, and if
the proposed ESA listing is finalized, additional actions will
be required (see Endangered Species Act section above).
The Western Pond Turtle Range-wide Management Strat-
egy outlines nine categories of action intended to ensure
long-term viability of wild populations (RCC 2020). Ef-
forts focused on protection and recovery of turtles in their
native habitats have the greatest conservation value. These
include: 1) coordination of implementation strategies; 2)
distribution and abundance surveys; 3) identification of
management regions and priority conservation areas within
eachregion; 4) investigation of genetic diversity; 5) inves-
tigation of threats in order to enhance recovery efforts; 6)
amelioration of threats, particular in priority conservation
areas; 7) minimizing direct and indirect adverse effects; 8)
consideration of population augmentation; and 9) develop-
ing and implementing outreach and education programs
(RCC 2020).
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Translocation and reintroduction may be evaluated as
ways to increase population redundancy after causes for
localized declines have been identified and ameliorated
(Hays et al. 1999; RCC 2020). Rehabilitation of degraded
habitats is detailed elsewhere (Bury et al. 2012c; ODFW
2015). The Turtle Working Groups have committees de-
voted to developing a system for archival of data from
prior, current and future studies, sharing of marking code
series used, surveillance monitoring for disease, exploring
research technology innovations, developing management
plans, defining future research goals, and promoting educa-
tion. To facilitate the inclusion of turtles in interdisciplinary
resource management decisions with multiple stakeholders
and diverse objectives, tools are being applied by cooperat-
ing partners to evaluate complex management decisions
and to promote proactive management (e.g., Martin et al.
2009; Irwin et al. 2011; St. Clair and Burns 2013), includ-
ing partnering on a structured decision-making model (US
Army Corps of Engineers, US Geological Survey, Oregon
State University) and a decision-support system (Bureau
of Reclamation, Hoopa Valley and Yurok Tribes, Applied
River Sciences).

Captive Husbandry. — It is illegal to keep 4. mar-
morata in captivity in any state where it occurs without
permits from state wildlife departments. Basic husbandry,
nutrition, and medicine standards for aquatic turtles can be
found in the veterinary literature (Johnson 2004; Rawski
et al. 2018), but published sources specific to 4. marmo-
rata are limited (Pramuk et al. 2013; Geist et al. 2015).
We include some general information here, but detailed
husbandry techniques are not provided.

If housing captive turtles near their location of origin,
outdoor enclosures protected from predators are preferred.
For indoor environments, mimicking natural temperature
ranges and diel patterns is preferred. Nutrition is an im-
portant consideration for general health, growth, and shell
health (Hallock et al. 2017). A variety of live or natural
foods can be supplemented with vitamins or commercially
available turtle foods and other pet foods (Rawski et al.
2018). Prior to wild release of any captive turtles, a full
health screening must be performed, including a thorough
physical exam combined with blood, nasal, and fecal test-
ing (Smith 2015), and DNA sequencing (Lopez 2019).

Current Research. — The number of field studies
and published research on 4. marmorata has grown rapidly
in recent years, but some important information remains
in unpublished reports and data sets that are not readily
available to contribute to the knowledge of this species.
An overview of future research needs was provided by
Germano et al. (2012), including: estimates of occurrence
and density, geographic variation (across latitudinal and
elevational gradients); habitat use; life-history traits (e.g.,
fecundity, longevity); daily and seasonal activities; diet;
conservationissues (e.g., role of head-starting); monitoring
issues; effects of roads, disease, invasive species; habitat

loss; contaminants; wildfire and prescribed burning; and
climate change. These should be conducted using scientific
methods and with the goal of publishing results. These are
all active fields of current research but most projects are
being done in a single area or are limited in geographic
scope (Fig. 14). Since publication of the Northwest Fauna
monograph (Bury et al. 2012a), there have been many
scientific studies on the ecology and life history of 4. mar-
morata, with increased interest in response to the proposed
listing of the species as Threatened under the Endangered
Species Act (USFWS 2023a). Studies on potential impacts
of invasive species are receiving greater attention at many
locations throughout its range.

The Western Pond Turtle Range-wide Conservation
Coalition developed a management strategy with a set of
long-term monitoring sites to determine trends over time
(RCC 2020). Numerous groups of researchers have initi-
ated long-term research and monitoring projects, including
Washington (WDFW), Oregon (ODFW, Western Oregon
University), and California (Green Diamond Resource
Company, Sonoma State University, Sonoma Water Dis-
trict, California State University Bakersfield). Additional
research results are expected to appear in peer-reviewed
literature in the coming years.

Continued study is underway to better define the
contact and admixture zones between the two species of
Actinemys (H.B. Shaffer, pers. comm.) to be combined
with results of the most recent genetic studies (Shaffer
and Scott 2022; Todd et al. 2022). Research into micro-
biomes, disease, and effects of pathogens and parasites is
ongoing and expanding (e.g., Reilly et al. 2023; Green et
al. 2025). Current, ongoing, and proposed research along
with increased regulatory oversight are expected to aid in
the conservation and management of this species.
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